B Physics: New Physics and The Next Generation
Tom Browder (University of Hawai’i at Manoa)
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Complex phases in the weak
interaction: V.4 and V, and

associated CPV asymmetries

Excitement in Flavor Physics:

-Connections to the charged Higgs
-Rare B Decays + NP

Flavor Physics, The Next
Generation:
Belle Il and the LHCb upgrade

' - Apologies: | have borrowed slides from many excellent
KEK in Tsukuba, Japan  Physicists and will aim for the “big picture” but skip

most details.
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Feb 2016 News: First Turns at SuperKEKB (4 GeV e+’s and 7 GeV e-’s)
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April 19, 2016 (LER beam current at 540 mA, HER at 480 mA)

First new particle collider since the LHC (intensity frontier rather than
energy frontier; e e rather than p p)
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REGISTER NOW CERN COURIER

Register as a member of Mar 18, 2016

cerncourier.com and get full ‘First turns’ for SuperKEKB
access to all features of the

. . On 10 February, the SuperKEKB | | . . .
site. Registration is free. A1 the SuperREKS i | First detection of “first
electron—positron collider in - o P
Tsukuba, Japan, succeeded in g., 7= turns” in BEAST background
LATEST CERN circulating and storing a t|ﬂ """"""" detector by F. Simon et al
COURIER ARTICLES positron beam moving close to ’ I T e e (MPI) us.ing CLAWS
» Another i step fo : ) —— . . . .
the AWAKE experimene e SPeed of lght through sgalsfrom CLAWS  (scintillators with SiPM’s),
1000 magnets in a narrow tube . -
» When trees break ) o which originated at DESY
around the 3 km circumference of its main ring. And on ) CALICE AHCAL
» TPS exceeds design goal of 26 February, it succeeded in circulating and storing an (] -€. )

500 mA stored current

lectron be nd its ring of ets in th ite
»Fromthe Aprll 1973 lssue 0 Peam around/its ring of magnets in the oppost

irection.
» CMS hunts for
supersymmetry in The achievement of "first turns", which means storing the
uncharted territory

beam in the ring through many revolutions, is a major
milestone for any particle accelerator.




DESY contributions to SuperKEKB

RVC= Remote Vacuum Connection

QCSL,Superconducting
final focus

RVC control rods

Also SuperKEKB beam background simulation:
Synchrotron Radiation (SR)



Major DESY contributions to Belle 11

Thermal mockup of the vertex detectors/CO, cooling

(many initial results, on-going)

Precise mapping of the 1.5 T
B field of the Belle 11
superconducting solenoid
(starts June 2016)

Software Alignment of Belle II detectors
(standard Belle Il package)

GRID computing and Collaborative Computing Services

for Belle 11 (starts summer 2016)
Not a complete list !
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Three Angles: (¢.,,®,,@;) or (B, a, Y)

Recent Belle
result on B>p* p

Unitarity implies that
the weak couplings and
phases form a triangle in
the complex plane.

Vuqub Vfd sz

| Vcd Vcﬂjb

Recent LHCb results on
B-2Dp K- [cPV in BSD O K

BOS>Y K ¥ K}

0D H(*)0 |0
Big Questions: Are determinations of angles consistent with

determinations of the sides of the triangle ? Are angle
determinations from loop and tree decays consistent ?
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Time-dependent CP violation is
“A Double-Slit experiment” with particles and antiparticles

QM interference between two diagrams
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Measures the phase of V, ,or equivalently the phase of
B, ,—anti B ; mixing.
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Asymmetry

Measurement of sin(2¢,)/sin(2p) in B> Charmonium K° modes
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sin2¢p ,=0.667+0.023+0.012
A=0.006+0.01620.012
PRL108,171802 (2012)

[(0Aps) Raw Asymmetry Evests /(04 ps)
\
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Asymmetry  Evemts

Raw

0

s At (ps)
sin2¢,=0.687+0.028+0.012
A~=-0.024+0.020+0.016
PRD79,072009 (2009)

Overpowering evidence for CP violation (matter-antimatter asymmetries)|
>>>> The phase of V4 is in good agreement with Standard

Model expectations. This is the phase of B, mixing. 9




News from Utah, April 2016: APS Panofsky Prize
for Experimental Particle Physics Awarded to

Steve Olsen, Dave Hitlin, Jonathan Dorfan, and Fumihiko Takasaki

“Founding Fathers of the B Factories”

A scene in Stockholm,
Sweden (2008)

. *ﬁf@
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Front row 2008 Physics Nobelists: T. Maskawa, M. Kobayaspi



Sln(ZB) = Sln(2¢l) BIIX] B factories: High precision
PRELMNARY — CPV measurement and a

BaBar
PRD 79 12009) 072008

BaBar ¥

0.69 £0.03£0.01

PRD 80 f2"oog) 112001

BaBar J/y (hadronuc)Kﬂ
PRD 69 |2004) 052001

. 069+052+0.04 +0.07

calibration for NP.

.._,,_.?1 §:0422021 1 2013: LHCDb joins the game
: 067-002+001 | [¥0.07(stat)]

Belle
PRL 108 (2012) 171802 . 2015: Latest LHCb measurement is
ALEPH 0.84 {5 £ 0.16 . )
PLB 492, 259 (2000) 104 compa!'able in precision to.B
OPAL : 3.20 1% +0.50, factories (now uses same-side B
EPJ C5, 379(1998) taggin
CDF 0790 | 128EINY)
PRD 61, 072005 (2000)
LHCb : 0.73 £0.04 +0.02 2 04 ——————————————T———
arXiv:1503. 07089 3 o3 LHCh
Belle5S 057:058+006 | £ .
PRL 108 (2012, 171801 z 02
Average : 0.69 + 0.02 =2 0l /é
HFAGg : : ERN $ :
: s “ : = E 3 — 3
2 -1 0 2 3 & -0IF E
- .02§~ —
1(ps)
S(B°— JAK?) = 0.731 +0.035 (stat) & 0.020 (syst),

C(B°— Jp K®) = —0.038 + 0.032 (stat

Yy
) & 0.005 (syst).

11



B factories: Check CP violation in b=>c [ubar d] processes

2015: First joint BaBar-Belle data analysiS m. Rohrken et al

“Color-suppressed” B->D

. c
I

DI «)0

u

, 14
RO
d

h"
d > d

where D%is a CP eigenstate and h%=m?, n, w

Combining Belle and BaBar datasets,
~1260 signal events, obtain a 5.40 CP
violation signal-=>First observation

sin(2B.+)=0.66+0.10(stat)+0.06(sys)

Events /1 ps

)
13 £ Combined Analysis of B —» DLk + q-my = +1
WE (772411) x 10 BB @ Belle
0 IT143) =« 10F BB @ BABA | Q- ™ 1

Raw CP Asymmetry

At (ps)

Phys. Rev. Lett. 115, 121604 (201
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Results from Global Fits to Data (CKMFitter Group)
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Although B factories can run on the No phase expected from SM but

Upsilon(5S), LHCb dominates here possible from NP particles
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B.>J/yd, a pseudoscalar to vector-vector mode, is usually used.

However, B, 2J/y £,(980) is a pure CP eigenstate since the f, (980) is a scalar.

Stone & Zhang pointed out that this mode provides more statistics and a
more straightforward analysis. Phys. Rev. D79 (2009) 074024.

®.=(70+68+8) Red curve: expectation for &, = 70 mrad
mrad
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Results on the phase of B.-anti B, mixing (i.e.
phase of V,,) [use B,>J/y¢; J/ymm modes]

W]dth ‘ Summer 201 S\ ‘
difference |
68% CL contours -
(Alog L =1.15) |
mbined
0.06 ATLAS 19210
04  -02 00 02 04

.. @S¢ [rad]

(Includes the most recent LHCb prelim Mixing Phase

result, gives WA of -36 +13 mrad) 16



possible from NP particles

17



Phase of
vts

Recent Belle results
on B2 w K,

B>n’ K
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sin(2p" )—s (2¢

‘Monond 2014

PRELIMINARY

b—sccs  World Average e - 068*00?1
. BaBar £ 0.66+0.17 £ 0.07
% Belle —tr— 0.90 %355
Average ] 0740
o BaBar i »—-+—< . 0.57 +0.08 + 0.02
x Belle -—j—- ' 0.68+0.07 +0.03
= Average el ' 0.63 + 0.0
Y BaBar T [ =04 "5 £ 0.06
v’ Belle * * 0.30£0.32+0.08
X Average b il s 9722019
- BaBar - : 0.55+0.20 + 0.03
- Belle , — < 0.67+0.31 +0.08
” Average —a—t : 0.57 +0.17
T TBaBar e ——=Tl| " 045 4% :0.06+003
X Belle 04 01240.0940.10
S Average ——t : 0.54 107
""""" TBaBar i e——fe—H— | 0854002
4 Belle : —9-64-0.32 + 0.05
P Aveage i e ATLE02
, BaBar : e 0.74 "
X Belle f 0.63 3,}‘;
= Average _ 0.69 ‘072
' BaBar i - 1 065:0.12£003
¢ Belle 0.76 '3 1
19 Average 0.68 '35
08 06 04 02 0 02 04 06 08 1 1.2 14 16

New Physics Phases
in Penguin b—->s

~ghaped tail
M"ﬂf

M

No evidence for NP at
current level of sensitivity

LHCb is absent from
this game (lower K. eff

and flavor tagging eff)
but contributes in B

modes.
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“Missing Energy” Decays

C INTERNATH . F HigH-
VoLume 55 Nuwmsen ® Noviweern 2015

Tensions in the Standard Model
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Tensions in the Standard Model

“Missing Energy” Decays
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2 Accelerators Find Particles That
May Break Known Laws of Physics

The LHC and the Bele experiment have found particle decay patterns that viclate the Standard
Model of particle physics, confirming earlier observations at the BaBar facility

By Clara Moskowitz Seplember 9, 2015 | Véalo en espaio
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May Break Known Laws of Physics

The LHC and the Bele experiment have found particle decay patterns that viclate the Standard

Model of particle physics, confirming earlier observations at the BaBar facility

By Clara Moskowitz | Seplember 9, 2015 | Vielo en espaio
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Tensions in the Standard Model Democracy suffers a blow—in particle physics

Three independent B-meson expearments suggest that the charged leplons may not be s0 equal after all

Steven K. Blau 17 September 2015
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V(¢)

The BEH boson is now firmly

established by experimental results )
from ATLAS and CMS. Now planning 7
for future Higgs flavor factory (AN
facilities , ANSSSS22227
(e.g ILC, HL-LHC, FCC, CEPC). o EEEEPX @

Does the GP (Brout- A

Englert-Higgs particle) EifisNele)d
have a “brother” i.e. RRINEBIGOIRD
the Charged H]ggs ? LEON LEDERMAN

CHRISTOPHER HILI

; Y. Nambu, 1921-2015

Measurements at Belle Il and direct searches at hadron colliders
take complementary approaches to this important question.
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(Decay with Large Missing Energy)

The B meson decay constant, determined by
the B wavefunction at the origin

(IVy| taken from indep. measurements.)
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Sensitivity to
new physics from
a charged Higgs

The B meson decay constant, determined by
the B wavefunction at the origin

(IVy| taken from indep. measurements.)



B2tV

(Decay with Large Missing Energy)

|+
Sensitivity to (H* W)
new physics from /] >
a charged Higgs

v

~1

G2m . m2 PO
B(B+ — T+Vr) — FD III'2 (1 — —2 fél‘”,,[,")T]}

ST mp I

The B meson decay constant, determined by
the B wavefunction at the origin

" o 77?%3i
b’(‘BﬁT,,) - bg_.u x| 1— tan 3

m?2 T+

(IVy| taken from indep. measurements.)



B2tV

(Decay with Large Missing Energy)

|+
Sensitivity to (H* W)
new physics from /] >
a charged Higgs
vV
+ - Ggmp o (. mZ 2 211712
B(BT —177p.) = o m; (1 ——) felVwl|"TB

INB I

The B meson decay constant, determined by
the B wavefunction at the origin

" o 77?%3i
Bp—r) = Bsy x |1 — tan> 3

mHi
W.S.Hou,. PRD 48, 2342 (1993)

(IVy| taken from indep. measurements.)



Consumer’s guide to charged Higgs

- Higgs doublet of type | (¢, couples to upper (u-type)
and lower (d-type) generations. No fermions couple to
P,)

 Higgs doublet of type Il (¢, couples to u type quarks,
¢4 couples to d-type quarks, u and d couplings are
different; tan(B) = v,/v,) [favored NP scenario e.g.
MSSM, generic SUSY]

« Higgs doublet of type lll (not type | or type Il; anything
goes. “FCNC hell”->many FCNC signatures)

Thanks to theorist Xerxes Tata



Why measuring B™=2>1"v is non-trivial

Most of the sensitivity
.. 1s from tau modes
with 1-prongs.

The experimental signature is rather difficult:
B decays to a single chareed track + nothing

(This may be hard at a hadron collider)



Example of a Missing Energy Decay (B2>1v) in Data

Bt — D'zt
(= K ntn™)

B~ — 1(— evi)v

- candidate
event

The clean e+e- environment makes this possible

25



Example: Belle B->1tv results with full reprocessed data sample
and either hadronic or semileptonic tags (arXiv: 1409.5269->PRD)

120-Hadronic tags:
> 100F-63122.5 (30) {
3
R 80
S
~ 60
§ « background
w :
2f  signal
0 :“}".‘]—T" e ST UPURRPA [URPUURPIURPUTN ST SET S N
0 0.2 04 06 08 1 12

%99 Semileptonic tags:
199222450 (3.80)

600

500

400 ﬂ

300

Events / ( 0.05 GeV )

200

10

|ldea: With the “single B meson beam”,
we look for a single track from a T,
missing energy/momentun and extra
calorimeter energy close to zero.

With the full B factory statistics
only “evidence”. No single
observation from either Belle or
BaBar.

The horizontal axis is the “Extra Calorimeter Energy” 26



Example: Belle B->1tv results with full reprocessed data sample
and either hadronic or semileptonic tags (arXiv: 1409.5269->PRD)

0.20 :19° p-value

1201-Hadronic tags: w0
> 100-63+22.5 (30) N
8 E 10.8
8 80 _ 0.15 .
2 60 o 0.6
g aok background L / B
- E 04

signal
20EI 1.'"7‘1-9.".-—.-—;--,--; PRV IGSPRURPIGRP U SRR B N s
% 02 o0s o6 03 1 12 . 0.2

< * Semileptonic tags: L i 01
8 700 222+50 (380) . 0050 055 060 o085 070 075 080 085 090 —00
& 600 sin 23
3 00 . . .
= :’oo With the full B factory statistics
§ 3ooﬁ only “evidence”. No single
Y 2 observation from either Belle or

BaBar.

10

8'0 ==l "':’"'r-~-05.-5--s-----.---.--------1--0.--‘--..

The horizontal axis is the “Extra Calorimeter Energy” 26



Complementarity of e+ e- factories and LHC

(Slide adapted from A. Bevan) b

The current combined B> tu limit places a (H" W)
stronger constraint than direct searches /) ~
from LHC exps. for the next few years.

100 AL L |
. emchuded area has CL > 095

| LEP (direct)
80 |

B—X

m? ’
ryg = (1 — —2Btan2ﬁ)

My

60
Q.
c
S
0 Currently inclusive b>sy rules out
my, below ~-480 GeV/c? range at
20 95% CL (independent of tanB), M.
Misiak et al. (assuming no other NP)

http://arxiv.org/abs/1503.01789
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Complementarity of e+ e- factories and LHC

(Slide adapted from A. Bevan) b

The current combined B->tu limit places a (H" W
stronger constraint than direct searches /) ~
from LHC exps. for the next few years.

1“ :1 L) 1 1] I L L L L I
| LEP (direct)
"I B—X m2 ?
- —>
TH:(l——QBtan26)
8 m
oo i H
fenl N
: ] V
s |
or Currently inclusive b>sy rules out
: my, below ~-480 GeV/c? range at
20 |- 95% CL (independent of tanB), M.
: Misiak et al. (assuming no other NP)
P http://arxiv.org/abs/1503.01789
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Complementarity of e+ e- factories and LHC

+
I

(Slide adapted from A. Bevan)

The current combined B> tu limit places a (H" W™
stronger constraint than direct searches
from LHC exps. for the next few years.
Y
-1
120 - 1 ab
£ 100 75 ab’ 5
5 ' Belle II m2B 2
80 - : rg = |1—- —5 tan” (3
:: 7 My
40 7 j#f’ Currently inclusive b>sy rules out
] gl v . o m,,, below ~480 GeV/c? range at
<0 i A This region is allowed 95% CL (independent of tanB), M.
0 ! '1 o Misiak et al. (assuming no other NP)
0 ] 2 3 http://arxiv.org/abs/1503.01789

My: [TeV]



A three-body tale

/H 5

b
B{ _ }D(*)
q
4
| . tan" o
Pl. f)‘- YHDM —1
H~
Ay (GeV?) -325 + 0.32  —0.230 + 0.029
By (GeV?) 169 £ 2.0  0.643 + 0.085
. B(B = 1)<T*J-r—7,. —>  Signal
f?([)“‘)) === ( ) )

B(B — D¢ {~7,) ——> Nommalization (/=e or /)
Slide adapted from A. Soffer



Example from a BaBar paper

Signals in B>D0) tv (489+63, 888+63)

Missing mass variable:
mmiss2 =pmissz=(p[e+e-]-I")t?:tg-pD(*)-pl)2

P = momentum of lepton in B rest frame

Production of B meson pairs at
threshold is critical to the separation
of backgrounds from the missing
energy/ momentum signal.

13
Ipe| (GeV)

Events/(025 GeV?)  [Events/(100 MeV) in insets]

2 . 273
M (GOVT)

BT +Drv, @AF XD, WE s D /P
BT +D'ry, @Y +D'¢rv, [Background

FIGC. 1. (Color online) Comparson of the data and the fit
projections for the four D'/ samples. The insets show the
[p:] projections for m2._ > 1GeV?, which excludes most of
the normalization modes. In the background component, the
region above the dashed line corresponds to charge cross-feed,
and the region below corresponds to continuum and BI

29



Example from a BaBar paper

Signals in B>D0) tv (489+63, 888+63)

Missing mass variable:
mmiss2 =pmissz=(p[e+e-]-ptag-pD(*)-pl)2

P = momentum of lepton in B rest frame

But wait !!! Now possible at LHCb.

Production of B meson pairs at
threshold is critical to the separation
of backgrounds from the missing
energy/ momentum signal.

Events/(025 GeV?)  [Events/(100 MeV) in insets]

BT +Drv, @AF XD, WE s D /P
BT »0'vy, BT D'tv, [EBackground

FIC. 1. (Color online) Comparson of the data and the fit
projections for the four D'/ samples. The insets show the
[p:] projections for m2._ > 1GeV?, which excludes most of
the normalization modes. In the background component, the
region above the dashed line corresponds to charge cross-feed,
and the region below corresponds to continuum and BI.
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100 Limits on type-1I 2HDM

technical
2HDM modifies fit-
variable distribution
tang mrs = and hence the efficiency
1
0.44 £ 0.02 GeV ,r: B — D
2 02
EUI):
tangd/my+ = o1f
0.75 + 0.04 GeV ™! 005k
=" 0
m?n_ (GeV?)
TS BT SR [ . . . . gls'_ —'S‘;l [I'}('\'A'
0 02 04 06 038 1 S = 1/m, =03 GeV
T 0 tang/mgy (GeV™F) g ! _Ima?ﬁﬁt
l—
SM 051
% 05 1 15 >

p; (GeV

Best point 1s tanf/m, = 0.45 GeV-1, excluded at 99.8% CL (3.1 o).
All other values (with my. > 15 GeV) are worse.
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BaBar collaboration, Phys. Rev. Lett. 109, 101802 (2012)

“However, the combination of R(D) ?‘:j d‘_ e
and R(D*) excludes the type Il 2HDM .. |
charged Higgs boson with a 99.8% :

confidence level for any value of 01_\_
tan(8)/m,,,” e

|
—

tan 3/m H+ (GeV™ 1 )

1



BaBar collaboration, Phys. Rev. Lett. 109, 101802 (2012)

“However, the combination of R(D) ijjj d‘_ -
and R(D*) excludes the type Il 2HDM .. |
charged Higgs boson with a 99.8%  :..

confidence level for any value of 01_\_ {
tan(B)/m,,” R

|

tan 3/m H+ (GeV™ 1 )

In other words, found NP but killed the 2ZHDM NP model.



Latest Belle result
with hadronic tags http://xxx.lanL.

May 25 2015, Nagoya FPCP

T. Kuhr
gov/abs/1507.03233; Phys Rev D 92,

072014(2015)

Warning: color-coding different from BaBar

W B- Dy
W B D

B D*lv
W B- Div
W oter BG
B D1y

Events

0 020400608 ' 121410618 2 2
lp.'l(CSeW\:)

2 0 02040008 1 12141018 2 2

lp"l (GuVic)

0 02040608 1 12141618 2 22

0 02040608 1 12141618 2 22
19,1 (Gevic)

1p,"1 (Gavic)

MG, 6. Projoctions of the 1 rewults and data poiate with statistical ancertaintios in & signal cebanced mgien of N2
10GEV? /e* in the 97 Saension. Top ket D' sep night: 176 ; bottom Wit D¢ bottom righe: D%

Signal enhanced projections
of lepton momenta in the high
M2 . region

miss

02 04 06 08 1 12
Epcy (GEV)

0 02 04 06 08 1 12

Epey (GaV)

Events

0

02 04 085 08B 1

Ecy (GOV)

12 0

02 04 06 OB 1

12
Epcy (OOV)

" nG. . r...,..s.....lu.u-..au..l.l...,...u..«Lw..x......-...._......y..l..x.....a..‘...lu_'__
200GV /e" o the Fpoy dissension. Top oft: D517 tap vights D700 Tuttom bt 077 buttons vight 770

Signal enhanced projections
of extra calorimeter energy
in the high M?_._ region

miss 32


http://xxx.lanl.gov/abs/1507.03233
http://xxx.lanl.gov/abs/1507.03233

Latest Belle result

with hadronic tags http://xxx.lanl.gov/abs/1507.03233; Phys Rev D 92,

Compatible with both
BaBar and the 2HDM
model (and SM !).

Need more
data

May 25 2015, Nagoya FPCP

/2 3) T
07200420%5) Y =
0_9_ “ ;; BELLE .........
- [#5theor. R [‘ZE}/
0.8F AR
- | Il measured R A{j
0761444 theor. R — R [f}j
0.6 [l measured R” G
05F
04
0_3 ..............
02
0.1 =
Glllllllllllllllllllllllllllllllllllllll
0 0.1 0.2 0.3 04 05 06 0.7 08
SM tanB/mw(czlGeV)

FIG. 8. Theoretical predictions with 1o error ranges for R
(red) and R* (blue) for different values of tan 3/my+ n the
2HDM of type II. This analysis’ fit results for tan 8/my+ =
0.5¢%/GeV and SM are shown with their 1o ranges as red
and blue bars with arbitrary width for better visibility.
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http://xxx.lanl.gov/abs/1507.03233

New LHCb result Moy 95 9015, N e
Compatible with BaBar ay , Nagoya

D'tu BF (B=>Dtu in the Published in Phys. Rev. Lett. 115, 111803 (2015)
pipeline)

3. B— D*7v (LHCB-PAPER-2015-025)
Signal fit

610<y” <935 (GeVr 610< g’ <935 (GeV)

v : —— Data - 1 S000F —
» 20000 - 4
ol - I B - D't i 1
% F B B - DR X)X - ]
& 15000E B B - 0" ~ 100001 1
- - T 2 :
- . 4 1
> - 3
- - - SO _:
§ somot : B :
& : ] ]

ry
100

Mass resolution is 2
poor but vertex = 3 KF
isolation is very ¢ & ME-
powerfUl B e TR 2000 2500)
E, *(MeV)
. ) . g { - . : : . . : _. 4 5(.”-. ,].0” .'_\.”' . i | 'if:_.:

G. Ciezarek Oui, c’est possible ! 34



Apres Nagoya: World Averages for R(D) and R(D")

~ 0.5
*Q w— BaBar, PRL109,101802(2012) Ay’ =10
EE 045 — Belle, arXiv 1507 03235 .
LHCH, arXiv: 1506 08614
— AvOTAgC
0.4
July 23, 2015 Now 3.96 from SM
03
0.25 o
SM predictcn PO) = S5.5%
0.2
0.2 0.3 04 0.5 0.6
R(D)
R(D) R(D%)
BaBar 0.440 4+ 0.058 4+ 0.042 0.332 + 0.024 + 0.018
- +0.064 Py ‘ +0.039
Belle 0.375 0.063 + 0.026 0.293" 0.037 + 0.015
LHCb 0.336 + 0.027 + 0.030
Average 0.388 + 0.047 0.321 £ 0.021
SM expectation 0.300 + 0.010 0.252 £+ 0.005
Belle Il, 50/ab +0.010 +0.005

It is obvious that we need two orders of magnitude of data to
solve these issues related to the charged Higgs.
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One more Belle update, March 2016 (Moriond)

Talk by P. Goldenzweig Uses semileptonic tagging
(Karlsruhe)
R(D*) = 0.302 & 0.030(stat) + 0.011(syst
~ | [Esea | -
3 ]
{B 10 1 9% Normalization 8
O o -
8 S
O S
o —
() ~
— L
P &
c o
Q
> 0
— 00 02 04 06 08 10 1.2
Eeq [GeV)
& F TEERININY  apeio
. & 04 LHOH, PRL11S,111803015)
April 2016: | i
R o —— SM predution
The WA 1s now assE E
4.0c from the SM 0k @ 1:
0.25 E' K(D), mmv mslu 2015)

arXlv: 1603.06711 0%)2 ‘«)Lf ‘A (;4‘ - ‘u.LsA 06 36
R(D)



One more Belle update, March 2016 (Moriond)

Talk by P. Goldenzweig Uses semileptonic tagging

(Karlsruhe)
’R(D ) = 0.302 = 0.030(stat) = 0.011(syst
— 3 = ' -'Slgna'l —1 ;
{B 10 f-; #9% Normalization 8
O 2 T
8 S
8 =
o ~
— 2
~~ -
z :
gﬁ T
> 0
L 00 02 04 06 08 10 1.2

Eeq, [GeV]

v Bablag, FRLIO9, 1ORS0Q( ‘OI

e oS _Il.;:l‘('\’:::u 1:7 um:n‘m‘ Ay =10
. [oZLE A RL115,11 180301
April 2016: | i
. o —— SM predution
The WA 1s now : 3
0.35 - -
4.0c from the SM 03 @ 1:
025
C Ry, mmv mslu 015)
- RID*), PRDSS 09025 2002)

arXlv: 1603.06711 T Y R T '.;.o 36



o

indl=20319,p=376%

3
Try to distinguish § ~
SM and charged = 20}
Higgs in kinematic 3 !
distributions. &'
4

N TR T R T

Py [GeVic]

(a)SM.

=08 p=158%

]

¥

Events /(0.1 GeV/c)
3

Events /(0.1 GeV/c)

Events /(0.1 GeV/c)

Last Belle update, March 2016 (Moriond)

indl=20319,p=379%

30¢
L

L PUPRRPEE SR SE——— P
00 05 10 15 20
Py [GeV/c)

(b)Type 11 2HDM with

Skip today

tan 8/my s = 0.7 GeV-1. BOth fit Weu.

Lt =02N8p=225%

(e)Type I1 2HDM with
tan 8/my s = 0.7 GeV~1,

Can also constrain other types of NP couplings
(e.g. leptoquarks) , but need much more data

37



Credit: Djouadi

WE NEED MORE
DATA 11!

Simple message from the
world’s flavor physicists:

"
N .

With apologies to Herodotus, Thucydides, Sparta,
Persia...

Initial Belle II projections for charged Higgs sensitivity

38



Credit: Djouadi

WE NEED MORE
DATA !!!

Simple message from the
world’s flavor physicists:

With apologies to Herodotus, Thucydides, Sparta,
Persia...

Initial Belle II projections for charged Higgs sensitivity

Now 5ab? 50 ab I B 2

200 400 800 800 1000

m. .. [GeV]




Credit: Djouadi

WE NEED MORE
DATA !!!

Simple message from the
world’s flavor physicists:

With apologies to Herodotus, Thucydides, Sparta,

Persia...
Initial Belle II projections for charged Higgs sensitivity

o

200 400 800 800 1000

m. .. [GeV]




Rare B Decays

Two event displays

Goa, India

J. Albrecht
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LHC found the rarest B decay; B, p+ p-

Standard Model

b « N p+
W
, Z - BF-0(10°)
S ) | \V“'

Left handed couplings
- helicity suppressed

N. B. Here and in b—>s I* I all the heavy particles of the
SM enter as virtual particles in the Feynman diagrams 40



LHC found the rarest B decay; B, p+ p-

Standard Model

b -+
< W “
. Z _ BF -0(10%)
g _ 3
- U W
Left handed couplings
- helicity suppressed
b e.g. SUSY LFL
o H/A
Xi C T 3
) “

N. B. Here and in b—>s I* I all the heavy particles of the
SM enter as virtual particles in the Feynman diagrams 40



LHCb

« Update: full dataset: 3fb’

- Improved BDT

~ Expected sensitivity: 5.0c
' & 16 T v v v T T T
2 <
® zZu LHCh
S ; 12 BDT>0.7
o ': Significance:
S C 4.00
S 3 p
- 4 B
— ) A E
) . e e —r1-1 3 o
4 5000 5500
-

Mo [MeV/e<)

BR(B, = u*u)=(2.914)x10~

BRB' = uwu)=(3 .7:%::) x 1071
BR(B® = 1) < Tx10"° @95%CL

CMS

CMS LubSib 1ow?ToV,La20f 1su8ToV

49 5 51 52 53 54 55 56 57 58 59
m,, (GeV)

BR(B" = w'u)=(3.55)x107
BR(B = u'u)<11x10™° @95%CL

41

% 1"- o cala

(V] b —:‘u‘o'

3 1) 8

3 A A combangional bhg

-~ - v SAMRRIONC bhg

2 10| < e poaking bhg

5 |

@ g

% e Significance:
6+ '0!0

S | 4.30

2 Fon :

‘gr [ . ‘ LY

® 3 ' |
o ARTIRBM '

PRL 111(2013) 101804



S/(S+B) weighted cand. / (40 MeV/c?)

2

o
o

BN
o

w
o
Illllllllllflllﬂll}lllllll

N
o

—
o

CMS and LHCb (LHC run 1)

= I
—arXiv:1411.4413

l

I

1

[

| ] I | I I 1

—4— Data

= Signal and background
] Be— W
B

= » = Combinatorial bkg.
----- Semileptonic bkg.

- == Peaking bkg.

L L | — 1 sl J_ 1

lllllllllllllllllllllllllll

5600 5800

m- [MeV/e?]

Published in Nature: June 4, 2015
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B(BY — ptp™)

(294+0.7) x 107°
SM: BR(B,) = (3.65+0.23) 10”
B(B°— ptp)

+1.6 —10 BR(B? =(1.1+0.1) 10°1°
(3°6 —1.4) x 10 PRL 112 101801 (2014)

Combining evidence from two LHC experiments (LHCb and CMS), B.>p* p- is observed
with 6.20 significance. The corresponding B, decay is not clearly seen yet.

b v - T )

= P =l

! W .
2 S B SE A

53 532 534 536 538 54 542 5 04 02 0 0z o4

s v M, (GeVic) AE (GeV)

D. Dutta et al (Belle)
BF (B,2>vy) <3.1x10° Phys. Rev. D 91, 011101(R), 201

Complementarity [uses and requires Upsilon(5S) data] 4



B(BY — ptp™)
B(B°— ptp)

(294+0.7) x 107°
SM: BR(B,) = (3.65+0.23) 10”

+1.6 —10 BR(B? =(1.1+0.1) 10°1°
(3°6 —1.4) x 10 PRL 112 101801 (2014)

Combining evidence from two LHC experiments (LHCb and CMS), B.>p* p- is observed
with 6.20 significance. The corresponding B, decay is not clearly seen yet.

b Y

: : s
3 2 N
z : C T
S3 532 534 536 538 54 542 06 04 02 0 0z o4
s v M, (GeVic) AE (GeV)
D. Dutta et al (Belle)
BF (B,2>vy) <3.1x10° Phys. Rev. D 91, 011101(R), 201

Complementarity [uses and requires Upsilon(5S) data] 4



B(BY — ptp™)
B(B°— ptp)

(294+0.7) x 107°
SM: BR(B,) = (3.65+0.23) 10”

+1.6 —10 BR(B? =(1.1+0.1) 10°1°
(3°6 —1.4) x 10 ? PRL 112 101801 (2014)

Combining evidence from two LHC experiments (LHCb and CMS), B.>p* p- is observed
with 6.20 significance. The corresponding B, decay is not clearly seen yet.

b Y

: : s
3 2 N
z : C T
S3 532 534 536 538 54 542 06 04 02 0 0z o4
s v M, (GeVic) AE (GeV)
D. Dutta et al (Belle)
BF (B,2>vy) <3.1x10° Phys. Rev. D 91, 011101(R), 201

Complementarity [uses and requires Upsilon(5S) data] 4



(skip today)

April 2016: ATLAS update on B.>

Events /40 MeV

hep-ex 1604.04263

llll’

18 ATLAS —— 2011-2012 data

—— Total fit .
16 (s=7 TeV. 4.9 fb’ - Combinatorial bkg™-
144 | (s=8TeV, 20" - SS-SV bkg
Y mG
10 0.446 <BDT < 1

(®))
Illlllllllllllllll

'lllllllllllllllIlllllllllllll

................... 3y

91800 5000 5200 5400 5600 £800

Dimuon mass [MeV]

BB - utu) = (O 9+l 1) x 107 .
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Red Hot Flavor Physics




High Energy Physics History. finding
NP in Az (using interference)

NS = 34.6 GeV

6" do/dcosh

e
Ed

QED+Z (Intfr.)
SNQED+Z (Total)

QED

T8 .6 04 0.2 0 02 04 s 08
cost

Conclusion: There is a Z boson at higher energy
even though colliders of the time did not have
enough [ to produce it



High Energy Physics History. finding

NP in Az (using interference)

6te—uu
Vs ~ 345 GeV )
/QED + WEAK !

10}

0.5 0 0.5 1.0

COS &

o' do/dcosd

vs = 34.6 GeV

QED+Z (Intfr.)
SNQED+Z (Total)

QED

03
A5 A6 £.4 A2 0 02 04 s 0s

Conclusion: There is a Z boson at higher energy
even though colliders of the time did not have

enough [ to produce it



*141- 2
Apg(B2KTT)(q%)
The SM forward-backward Forward Backward

I I
v
asymmetry in b=>s It I arises b 0 B ~~—
from the interference between vy I » o a .
+ I_

and 7Y contributions.

] |
Apg(B = K (7) = =C10&(q%) le(LI.)Fl + FL}FZ

Ali, Mannel, Morozumi, PLB273, 505 (1991)

b W s b t s

q q 9 q

Note that all the heavy particles of the SM (W, Z, top) enter in
this decay.




More on A x(B2>K'T*1)(g?)

~

A[‘B(B — K‘[+[_) = —(_ﬂl‘.f_(z] ) R(’((;@,)Fl + LL?F:}

9]
(]"

Ali, Mannel, umi, PLB273, 505 (1991)



More on A x(B2>K'T*1)(g?)

App(B = K*€*€7) = =C1p&(¢?)

L |
R(’((‘ .\')Fl + — L ‘~F2J
(=

Ali, Mannel, umi, PLB273, 505 (1991)

The “zero-crossing” of Az depends only on a
ratio of form factors and is a clean observable.



B->K' | | angular

variables
angles
(a) 6 and 6, definitions for the B” decay
n‘:" Pty
"
¢

K X
N.B. Recent LHCb Prcx ©
measurements ﬂ‘

include P ang[e data (b) ¢ definition for the B? decay

(¢) ¢ definition for the B® decay

From the 2013 LHCb paper

K and I* " helicity

Angle between
the normals to
the two decay
planes.




B-2>K"1"1-(q?) bootcamp (skip today)

Angular dependence

: 1 dTxT)
iy dT+T)/d*  dQ
(I:(AE\EE %(I—FL)sin2 O, +F cos’ VI,
AND 1 . 2
+—(1—-F )sin” ¥, cos2d
DO BOOTY IR ) '
CAMP Fyy. —F, cos® ¥, cos29, + S,sin’ ¥, sin’ B, cos2¢

+S,s1n29, sin2?, cos@ +

(-) means the ~

4 S S0 s .
termis only in [ -] S, 829, smv, sing

= )

Thanks to Rahul Sinha
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Angular dependence

1 (T T)
% - = ; = = F, is the longitudinal
- d(F—l—F) fdg aQ polarization fraction.
é(EE:d %(I—FL)sin2 O, +F cos’ VI,
AND 1 -
+—(1—-F )sin” ¥, cos2d
DO BOOTY Iy .
CAMP on| ~F cos’ ¥, cos28, + S, sin” B, sin” ¥, cos2¢

+S,s1n29, sin2?, cos@ +

(-) means the ~
termis only in [ -]

+ +8,sin29, sind, sin¢
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Thanks to Rahul Sinha
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Angular dependence

1 (T +T)
% - = ; = = F, is the longitudinal
- d(F—l—F) fdg aQ polarization fraction.
é(EE:d %(I—FL)sin2 O, +F cos’ VI,
AND 1 .
DO BAOT : +Z(1—FL)s1n219K008219L
CAMP on| ~F cos’ ¥, cos28, + S, sin” B, sin” ¥, cos2¢

+S,s1n29, sin2?, cos@ +

(-) means the ~
termis only in [ -]
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B-2>K"1"1-(q?) bootcamp (skip today)

Angular dependence

1 (T +T)
% - = ; = = F, is the longitudinal
- d(F—l—F) fdg aQ polarization fraction.
é(EE:d %(I—FL)sin2 O, +F cos’ VI,
AND 1 .
DO BAOT : +Z(1—FL)s1n219K008219L
CAMP on| ~F cos’ ¥, cos28, + S, sin” B, sin” ¥, cos2¢

+S,s1n29,, sin2?, cos@ +

-) means the ~ (=) 2.2 : : .
1(:e)rm isonlyin[-[ Ay SIN° Uy cOsT 48,8120, sin v, sing

= )

Thanks to Rahul Sinha



B-2>K"1"1-(q?) bootcamp (skip today)

KEEP

CALM

AND

DO BOOT
CAMP

(-) means the ~
termis only in [ -]

Thanks to Rahul Sinha

1 (T +T)

dT+T)/dg> dQ

Angular dependence

= F,_ is the longitudinal

polarization fraction.

3 .
Z(l_ F)sin® 9, + F, cos’ ¥,

1 .
+Z(1_ F))sin® ¥, cos20,

2 s 2 - 2
—F, cos” ¥, cos29, + 8 sin” ¥, sin” ¥, cos2¢

+S, sin29, sin 29, cosP + S, ' sin29, sin?), cos¢

_|.

() i 2
AFB sin ﬁK cosﬂl

+8,sin29, sind, sin¢

_|.




B-2>K"1"1-(q?) bootcamp (skip today)

Angular dependence

1 (T +T)

Eiky d(C+T)/dg> dQ

KEEP

CALM

AND

DO BOOT 9
GAMP 327

(-) means the ~
termis only in [ -]

Thanks to Rahul Sinha

3 .
Z(l_ F)sin® 9, + F, cos’ ¥,

1 .
+Z(1_ F))sin® ¥, cos20,

2 s 2 - 2
—F, cos” ¥, cos29, + 8 sin” ¥, sin” ¥, cos2¢

+S,sin 299, sin 209, cosP + S. ' sin29, sin®d, cos¢

_|.

() i 2
AFB sin ﬁK cosﬁl

_+S8(‘) sin2?, sin29, sin¢ + Sg(_) sin’ 0, sin’ ¥, sin2¢ |

= F,_ is the longitudinal

polarization fraction.

+8,sin29, sind, sin¢




B-2>K"1"1-(q?) bootcamp (skip today)

Angular dependence

1 (T +T)
.. = 5 = = F, is the longitudinal
d(l -_|_ ')/ dq aQ polarization fraction.

KEEP ‘

3 .
Z(l_ F)sin® 9, + F, cos’ ¥,

CALM

AND 1 .
DO BOOT ; +Z(1—FL)sm219Kcos2z9L
CAMP Fyy. —F, cos® ¥, cos29, + S,sin’ ¥, sin’ B, cos2¢

+S,sin 299, sin 209, cosP + S. ' sin29, sin®d, cos¢
—r-A;;) sin’ U, cost |+ 8, sin29, sind, sing

_+S8(‘) sin2?, sin29, sin¢ + Sg(_) sin’ 0, sin’ ¥, sin2¢

(-) means the ~
termis only in [ -]

Introduce P, 5= S, /sqrt[F; (1-F;)] to reduce/
Thanks to Rahul Sinha eliminate dependence on form factors



LHCD 3fb! results on B>K" utu (q°)

Angular Asymmetries based on 2398+57 signal events
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Blank regions are the J/y and
Y’ vetos

Theory from http://arxiv.org/abs/1510.04329 R. Aaij et al., JHEP 1602, 104 (2016)




LHCD 3fb! results on B>K" utu (q°)

Angular Asymmetries based on 2398+57 signal events
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“The P, measurements are only compatible with the SM

prediction at a level of 3.7c.....A mild tension can also be
seen 1n the Ay distribution, where the measurements are

systematically <=1c below the SM prediction in the region

1.1<q?*< 6.0 GeV?” Blank regions are the J/y and
Y’ vetos

Theory from http://arxiv.org/abs/1510.04329 R. Aaij et al., JHEP 1602, 104 (2016)
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Is HEP History repeating itself ? [But be sure this is
not a tricky SM form factor effect.]

Why does NP appear first in this mode
(and not others) ?
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Recent LHCb results on B>K™ utu (g2)

Is HEP History repeating itself ? [But be sure this is
not a tricky SM form factor effect.]

Why does NP appear first in this mode
(and not others) ?

Possible answer: All the heavy particles of the SM (t, W, Z) and

maybe NP (except the Higgs) appear here. Sensitive to NP via
interference (linear effects and many types of couplings).
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(bump in some mass spectrum at
the LHC) or “new couplings”
(flavor physics)

We would be happy to break the Standard Model. N

Places where we might find New couplings
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(bump in some mass spectrum at
the LHC) or “new couplings”
(flavor physics)

We would be happy to break the Standard Model. NG

Places where we might find New couplings

10
b— sy(*) : HRp—y x » VisVCiQi+ ...
Q= aezmb Sah (1 + “;"5)/5;,1 b [real or soft photon]
Qo = g (1= ~85)b Pyt [b— spp via Z/hard 4]

Q1o = &87u(1 —18)b Fyuvsl  [b— sy via Z]




NP could mean “new particles”
(bump in some mass spectrum at
the LHC) or “new couplings”
(flavor physics)

We would be happy to break the Standard Model. NE

Places where we might find New couplings

10
b— sy(*) : HRp—y x » VisVCiQi+ ...
i—1
Q= g%mb Sot (1 + ~,f5)l-L#,, b [real or soft photon]
Qo = g (1= ~85)b Pyt [b— spp via Z/hard 4]

Q1o = &87u(1 —18)b Fyuvsl  [b— sy via Z]

Right-handed currents:1- y.=>1+ vy,




Some examples of NP Fits to B>K*| | data
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Recent example of NP Fits to B>s | | data

NP - s T — — L. Hofer et al.,
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These plots mean there are NP

coupling(s) in the weak interaction

Recent example of NP Fits to B>s | | data

L. Hofer et al.,
Moriond March
2016

Fits use LCSR at
low g? and lattice
form factors at
high g2 and all
data on b=>s L |

55
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-> Check dependence on light-cone form factors (some checks
already done by Lattice QCD groups)

Major concern
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/ :
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-> Can tails of large B->K* [c-
cbar] or non-factorizable effects
produce the anomalies found in

the angular distributions ? (If all
non-perturbative effects float with
arbitrary normalization in the fit then
the data can explained)
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Theory issues on B2K" u'w (¢°)

-> Check dependence on light-cone form factors (some checks
already done by Lattice QCD groups)

Major concern

-> Can tails of large B->K* [c-
cbar] or non-factorizable effects
produce the anomalies found in

the angular distributions ? (If all
non-perturbative effects float with
arbitrary normalization in the fit then
the data can explained)

- Use data near q? =¢?,,, (K* at rest), where symmetry

works (Heavy Quark Effective Theory) and constrains ratio
of polarizations (no hadronic corrections)=>Still find NP

56




w
p
4

vvvvvvvvvvvvvvvv

A, Karan et al. (arXiv: | Fit LHCb angular data
1603.04355) [R.Sinha group] ~ at 2, (HQET limit)

A=0.38

* is SM

e —
-
- - -
-
- -

FIG. 2. Allowed regions in Ry — R o plane corresponding t« C'10/Cro
different values of A are shown. The solid red straight line on

the far left corresponds to the case R. = Ry . The SMvalue 50 Signal for NP, requires
is indicated by the star. The gray, orange and blue points

correspond to the best fit central values for A = 0.4, 0.5 and 1 g h t-h an ded curren tS
0.8, respectively. The light and dark gray contours correspond
to 10 and 50 confidence levels for A = 0.4. The orange and
blue contours represent the 5o confidence regions for A = 0.5
and 0.8, respectively. Only the region bounded by the black
dashed curves is physically allowed from the constraint wy >
w1 > 1 (See text for details). &




T A karanetal @xiv: ] Fit LHCb angular data
1603.04355) [R.Sinha group] ~ at 2. (HQET limit)

2:": A=0.28
% 15 SM

FIG. 2. Allowed regions in Ry — Ry0 plane corresponding tc C10/Cio
different values of A are shown. The solid red straight line on

the far left corresponds to the case R. = Ry . The SMvalue 50 Signal for NP, requires
is indicated by the star. The gray, orange and blue points . _

correspond to the best fit central values for A = 0.4, 0.5 and r’ght handed Currents

0.8, respectively. The light and dark gray contours correspond
to 10 and 50 confidence levels for A = 0.4. The orange and

blue contours represent the 50 confidence regions for A = 0.5 St] u‘ Conﬁ rmation and

and 0.8, respectively. Only the region bounded by the black mMoOre data 'is needed to
dashed curves is physically allowed from the constraint wy >

w1 > 1 (See text for details). close the case for NP




Pzaths to the future:
A_.(q") for Inclusive b->s I [

1.0,
-301 b>s - No form factors

signal events 05 |

N\

- Where is the
| zero crossing ?

DA

O\

NI\

Precise result useful
for NP diagnosis

105 0 1520

2,2 http://arxiv.org/abs/1402.7134
q2 [GeV7/c’] To appear in PRD.

TABLE 11, Fit results for the four ¢° bins. For Arg, the first uncertainty is statistical and the second uncertainty is systematic,
Apn values predicted by the SM [4, 7] are also shown with systematic uncertainties. For the signal yiclds, only statistical
uncertainties are shown, The uncertainties of a and 5 are due to the statistical uncertainties of the MC,

1st bin 2nd bin 3rd bin 4th bin
4 + 0. T -
q° range [GeV* /&) (([I;}_: _‘\\'::“:")) [0.2,4.3] {:‘:;ﬂ A:g\;:;z} [14.3, 25.0]
Arn 0.3 £0.24 £0.02 0.0M £ 0.31 £ 0.05 0.28 £0.21 £0.01 0.28 £0.15 £+ 0.01
Arg (theory) 0,11 £ 003 0134003 0324+ 00 040 £ 0.4
Nyig 45.6 =109 30.0+92 250+7.0 392+96
‘\r:: 43.4+£9.2 239+ 104 30.7+99 628 £ 104
e 1.289 + 0.004 1.139 £+ 0.003 1.063 + 0.003 1.121 = 0.003
o™ 2,082 4+ 0,010 1.375 4 0,003 1.033 4 0,003 1.082 4 0.003
g 1.000 1.019 & 0.003 1.003 & 0.000 1.000



http://arxiv.org/abs/1402.7134
http://arxiv.org/abs/1402.7134

How can we establish NP in B>K* ['|* ?

R. Aaij et al. (LHCb collab); PRL 113, 151601 (2014)

Answer
from
Buras et
al.



How can we establish NP in B>K* ['|* ?

Ans: Observe and measure the rate for B— a/v
and thus isolate the Z" penguin (Cy) at Belle Il

R. Aaij et al. (LHCb collab); PRL 113, 151601 (2014)

Answer
from
Buras et
al.



How can we establish NP in B>K* ['|* ?

TABLE I: Projections for the statistical uncertainties on the B — K *)vir branching fractions.

Mode B [10—6] Efficiency Npacke. Nsig—exp. NBacke. Nsig—exp. Statistical Total
Belle 711 fb-1' 711 b1 50 ab~! 50 ab~! error Error
[10-4]  Belle Belle Belle I BelleII 50 ab™!

Bt — Ktvi 3.08 5.68 21 3.5 2960 245 23% 24%
B® — KQvi 1.85 0.84 4 0.24 560 22 110% 110%
Bt — K*tyw 0.01 1.47 7 2.2 085 158 21% 22%
BY - K*%i 0.19 1.44 5 2.0 704 143 20% 22%
B — K*vv combined 15% 17%

R. Aaij et al. (LHCb collab); PRL 113, 151601 (2014)



How can we establish NP in B>K* ['|* ?

TABLE I: Projections for the statistical uncertainties on the B — K *)vir branching fractions.

Mode B [107°] Efficiency Npackg. Nsig—exp. NBackg. Nsig—exp. Statistical Total
Belle 711 fb-' 711 ' 50 ab-! 50 ab~! error Error
[10—9] Belle Belle Belle I BelleII 50 ab™!

Bt — Ktvw 3.08 5.68 21 3.5 2060 245 23% 24%
B® — KQvi 1.85 0.84 4 0.24 560 22 110% 110%
Bt — K**uw 0.01 1.47 7 2.2 085 158 21% 22%
B° — K*%w 0.19 1.44 5 2.0 704 143 20% 22%
B — K*vv combined 15% 17%

___ St '
R. Aaij et al. (LHCb collab); PRL 113, 151601 (2014) T ey 0



How can we establish NP in B>K* ['|* ?

TABLE I: Projections for the statistical uncertainties on the B — K *)vir branching fractions.

Mode B [107°] Efficiency Npackg. Nsig—exp. NBackg. Nsig—exp. Statistical Total
Belle 711 fb~' 711 ' 50 ab~! 50 ab~! error Error
(1079 Belle Belle BelleII Bellell 50 ab™!

Bt — K+vi 3.98 5.68 21 3.5 2960 245 23% 24%

B - Kguﬁ 1.85 0.84 4 0.24 560 22 110% 110%

Bt — K*Yvi 9.91 1.47 7 2.2 985 158 21% 22%

B - K*%yw 0.19 1.44 5 2.0 704 143 20% 22%

B — K*vv combined 15% 17%

Control region gives Ry consistent with unity.
Interesting, low g2 region gives:

Ry = 0.7451] 0% (stat) + 0.036(syst)

which is 2.60 from unity, 3¢ if BaBar included.: L
R. Aaij et al. (LHCb collab); PRL 113, 151601 (2014) W sn oo e

m(K*e*e”) [MeVIT]

Canxidaes 7 (40 MeV/ie? )



How can we establish NP in B>K* ['|* ?

TABLE I: Projections for the statistical uncertainties on the B — K *)vir branching fractions.

Mode B [10‘6] Efficiency Npacke. Nsig—exp. NBackg.  Nsig—exp. Statistical Total
Belle 711 b~ 711 ' 50 ab-! 50 ab~! error Error
[10-4]  Belle Belle Belle I BelleII 50 ab™!

Bt — K+vi 3.98 5.68 21 3.5 2960 245 23% 24%
BY Kguz? 1.85 0.84 4 0.24 560 22 110% 110%
Bt — K*Yvi 9.91 1.47 7 2.2 985 158 21% 22%
B® - K*%i 09.19 1.44 5 2.0 704 143 20% 22%
B — K*vv combined 15% 17%

Ans: Verify hint of lepton universality
breakdown at Belle |l (good electron eff)

Control region gives Ry consistent with unity.
Interesting, low g2 region gives:

Ry = 0.7457 )5, (stat) & 0.036(syst)

Canxbidaes /£ (40 MeV/c? )

which is 2.60 from unity, 3¢ if BaBar included.: L
0 ' 200 54 5
R. Aaij et al. (LHCb collab); PRL 113, 151601 (2014) T ey 0



“We need more data !!”

Apologies to Dirctor Akira Kurosawa
To find out whether there are NP couplings in the weak interaction
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“We need more data

eSS - Apologies to Dirctor Akira Kurosawa
To find out whether there are NP couplings in the weak interaction
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“We need more data

Apologies to Director Akira Kurosawa

To find out whether there are NP couplings in the weak interaction
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“We need more data

eSS - Apologies to Dirctor Akira Kurosawa
To find out whether there are NP couplings in the weak interaction
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“We need more data

eSS - Apologies to Dirctor Akira Kurosawa
To find out whether there are NP couplings in the weak interaction
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2014 was the 50t" anniversary of the discovery of CP violation in the kaon
sector [see http://pprc.gmul.ac.uk/research/50-years-cp-violation

The Next Generation

Belle Il and the LHCb upgrade

US P5 report (p. v): “Explore the unknown: new
particles, interactions, and physical principles”
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Physics Reach of Belle Il and the LHCb upgrade

Competition and
complementarity

Gelato flavors in Asakusa

Observable Expected th. | Expected exp. Facility
ACCUTACY uncertainty
CKM matrix
|Vis! |[K = miv] - 0.1% K -factory
V| [B - Xebo] . 1% Selle 11
|Ves! [Bg — =ty . 4% Belle 11
sin(2¢;) [eeKY *ee 81073 B /LHCH
¢".D 1.-')0 e { ]
d e 3° LHCh
CcpPvV
S(B, — v) - 0.01 LHCb
S(B, — &) b 0.05 LHCbH
S(By = oK) oon 0.05 B 1/LHCh
S(B; —+n'K) sas 0.02 Il
S(B; - K*(— K22°))) 0.03 Belle 11
S(B, - ¢7)) sax 0.05 LHCh
S(B;g = pv)) 0.15 Belle 11
A%, e 0.001 LHCb
A.\'I, e 0.001 LHChH
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Physics Reach of Belle Il and the LHCb upgrade

Competition and
complementarity

Observable Expected th. | Expected exp. Facility
ACCUTACY uncertainty
CKM matrix
WVis! [K = miv] - 0.1% K -factory
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B(B - 7v) ** 3% elle 11
B(B - Drv) 3% [
B(B; — pv) " 67 elle 11
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B(B, = 7) 0.25-10°¢ le 11 (with 5 ab™)
BIK — mvv) - 10%, K -factory
B(K = exv)/B(K = prv) e 0.1% K -factory
charm and 7
B(r = ity) s 3-1077 [l
lq/plp ses 0.03 Il
arglq/p)p e 1.5° [

62




Physics Reach of Belle Il and the LHCb upgrade

Competition and
complementarity

Tofu Gelato ?
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Physics Reach of Belle Il and the LHCb upgrade

Observable Expected th. | Expected exp. Facility
* g2 AcCuTacy uncertainty
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Latest SuperKEKB Luminosity Profile

Belle/KEKB recorded ~1000 fb-'. Now
Fchange units on y-axis to ab™”

50

60F

40F-
30
20

10—

S D
x1o35°'

M R oS B PP R
2016 2018 2020 2022 2024

S N A OO ®
L] I'

N.B. To realize this steep turn-on, requires close cooperation between Belle Il
and SuperKEKB [and international collaboration on the accelerator].

This plot assumes full and stable operation funding profile.



Compare the Parameters for KEKB and SuperKEKB

Energy (GeV) (LER/HER) | 3.5/8.0 3.5/8.0 4.0/7.0

B, " (mm) 330/330 1200/1200 32/25
g, /€ (%) 1 0.85/0.64 0.27/0.24

O, 0.052 0.129/0.090 0.09/0.081

Luminosity (1034 cm2 s1) 1 2.11 80

Nano-beams are the key (vertical spot size is ~50nm !!)
This is not a typo 65



2@ 2016: Basic hardware (except T —

- \fmal focus) now in place | I , ““*‘“““m

T
-

i P St s LER

MER Qc lLl

New superconductmg Fmal
focusing magnets _n.e'alﬁ'the |P

\e- 2.6A
KEKB to SuperKEK

oNano-Beam scheme
extremely small 8,

Redesign the lattice to reduce
the emittance (replace short
dipoles with longer ones,
1ncrease wiggler cycles) (being

jfﬂHMfMH Beam current X2

Replace beam pipes with TiN-
coated beam pipes with
antechambers (works well)

Reinforce RF systems for
higher beam currents

2.1x1034 > 8x103°> cm2s! Improve monitors and control system

Injector Linac upgrade
Upgrade positron capture section

5 Low emittance
RF electron gun

New e+ Damping Ring
constructed



German

contribution Belle |l Detector

BEAST (Background KL and muon detector:

commissioning detector) Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps , inner

arrel lays)

>

EM Calorimeter:
Csl(Tl), waveform sampling
Pure Csl + waveform samj

ification
gation counter (barrel)
Aerogel RICH (fwd)

electrons (7GeV"

p
Beryllium beam pipe

2cm diameter A / :
) ‘

Vertex Detector // ///
C /}/'/

2 layers DEPFET + 4 layers
.

positrons
(4GeV)

67



Barrel Particle Identification

A GEANT4 event display of a 2 GeV pion and kaon interacting in
a TOP [time of propagation] quartz bar. (Japan, US, Slovenia, Italy)

Incoming
track

.
“

Vertexi ng/Inner Tracking

Beampipe r=10 mm
DEPFET pixels
(Germany, Czech Republic, Spain...)
Layer 1 r=14 mm
Layer 2 r=22 mm
DSSD (double sided silicon detectors) FWD/BWD
Layer 3 r=38 mm (Australia) Italy
Layer 4 r=80 mm (India)
Layer 5 r=115 mm (Austria)
Layer 6 r=140 mm (Japan)
+Poland, Korea 68




First TOP module arriving at Tsukuba Hall

Update: April 20, 2016 8/16 TOP
modules were installed into the Belle
Il structure. Magnetic field mapping
then CDC installation in the summer.

CDC (

Central Drift Chamer)
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In et e- scattering at Reduce the multiple scattering
.« lever arm; reduce X
10-11 GeV, a critical °

Impact parameter resolution 20

issue for vertexing is E s e
. . = s L Belle
multiple scattering. = B
wi\\Belle II
Belle: r(beampipe) 2 cm—>1.5 cm =S \ '
Belle Il: r(beampipe) 1cm / o S R B
0o 10 20 T
ppsin(0)s2[GeV/c]
Large improvement in AS(B— [K(n'] y) & |
; Ks track m -A'.«.'AS(WH —
Y4‘ \ v .
< Bve%;s_f:: —==> IP profile ] \
""""Y \
Larger radial .
B decay point reconstruction coverage of SVD ’
from the K vertex, used in searches 1o’ ! -

for NP right handed currents.



In et e- scattering at Reduce the multiple scattering
.« lever arm; reduce X
10-11 GeV, a critical °

Impact parameter resolution 20

issue for vertexing is T o
lt l tt . 3 E ,‘ Belle
muttipte scattering. 5 1\ belerr
whi\Belle 11
Belle: r(beampipe) 2 cm—>1.5 cm N
Belle Il: r(beampipe) 1cm / = S S B
Improved resolution and nano-beams will 00 ) 1_6 5 2_70 s
open new possibilities for vertex analysis ppsin(6)s2 [GeV/c]
Large improvement in AS(B—> [Kn'] ) 2 | RSEi
. Ks track m 1 -
PRy
B vertex: .« NN
= ]i = 1P profile o ] \\
B Larger radial \
B decay point reconstruction coverage of SVD
from the Kg vertex, used in searches o’ ! -

for NP right handed currents.

70



“Full sized” pixel detector module 0

75 uym
thick

N nl* :
- ;V>

;

Pixel detector group from many institutes
and universities in Germany




April 2016: Belle II VXD beam test at DESY

(DESY provides the infrastructure and facilities
for this critical beam test)

Incident DESY (2-6) e- test
beam

72



April 2016: Two full-sized Belle 11 DEPFET pixel detector
modules at DESY (readout full system with beam this morning)

Working examples of L3, L4, L5, L6 SVD ladders
-k g '

Test the integrated PXD-SVD system. This

Test full-sized PXD modules in a includes ROI (region of interest) extrapolation
from the SVD tracker to the PXD, which is

needed to reduce the large data volume.

beam. [Measure efficiency and S/N].
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“Missing Energy Decay” in a Belle Il GEANT4 MC simulation
Signal B2>Kvv  tag mode: B>Dmn; D>Kn

Zoomed view of the vertex
region in r--phi

View in r-z

->Belle II Software 1s 1n a fairly advanced state (T. Kuhr orie
(LMU) 1s the Belle II software coordinator) 74

"
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Some Belle II jargon

BEAST PHASE I: Simple background commissioning
detector (diodes, TPCs, crystals). No final focus. Only
single beam background studies possible [started in

Feb 2016].

BEAST PHASE Il: More elaborate inner background
commissioning detector. Full Belle |l outer detector.
Full superconducting final focus. No vertex detectors.




SuperKEKB vacuum scrubbing to reduce beam
gas backgrounds in Belle 11

LER integrated beam dose > 100 A-h

1x107 . . : . x 420
[LER]|| & oacmpamy | [=—termapm ] BEAST background in the LER vs time
-6
1xi0 ‘ | Whole ring (incl. wiggler) | 130 § 160} .
Z‘ ‘ :(-an 140: J—
£ 1107 | 280~ € .
a - & 100} -
& 110 | ,. 2103 8 .. e
5 Arc sections % © ol P
g 1x10°” | 1402 40! ,»-',",'31_.:'—'_;:’! st
T Max. Current ! ST et
) 20 o ‘_-——-’-""M:f—*
x107"” | - 70 —
31 10 3359 920 40 60 80 100 120
| ( mA)
1x10°"’ T T tTNEG 0

1x10° 1x10° 1x10" 1x10° 1x10' 1x10° 1x10°
LER Beam Dose [Ah] BEAST data shows the LER
backgrounds decreasing as

vacuum scrubbing proceeds.



SuperKEKB vacuum scrubbing to reduce beam
gas backgrounds in Belle 11

Hit Rate vs Current - Cho4 Hit Rate vs Current - Ch05

< 401" T T ™ ™ ] v f ™ T T 1
2% F I BRI AR N B asnef T ! tma
§ asoof /, ® 2000" /g
:§ Jo.x-': CSI / E g 1800 LYSO // —
* 2800} / 5 * 1aoof- 7 ]
r S - :- ‘/ -:
?0'[1: i pd - '2'(2_ 7 —:
C : A& = A 3
E . J . 1000 / ]
.y e ‘ | . 00— ety ; ; —
— // L ndt 1.0580+04 /1 P s P ot 2271 | 3
g~ 0 412222951 | 1 T o p0 2284+ 160 | 3
ok P i P 923345396 | o 400F L i p! 5009 + 2926 | 3
R e—— | i R 0.1278 + 002131 | 3 2001 = e : | p2 0.07238 + 001156 | —
ol b Lo | TR S I . bl [ J (t" | ST T - | T B T R Lol " "‘

40 =28 80 100 120 140 180 150 40 60 80 100 120 140 180 160 g

; J 5 200
Bosrn Currom [mA Bearm Currort (mA)

HER beam background vs current (April 7, 2016)



“Cool” (low-emittance) and flat beams in SuperKEKB

oy gy = 96 pm (By = 67 m@source)
X ] '“ Ey /8:~:: 53 % ( X = 1 8 nrn)

V. Image Profile

March 23, 2016

Fixel

HER X-Ray Beam Profile Monitor Sf —_ 280 pm By 9 7 m((D Source)
I ey lex= 5.3 % (ex = 5.3 nm)

V. Image Profile

- | April 5, 2016

ey = 20 pm (By = 67 m@source)
ey /ex=1.1% (ex =1.8 nm)

f
y

HER to be remeasured soon

HER X-Ray Beam Profile Monitor after Opt]CS tun]ng°

e L~

Improved calibration of X-ray monitor beam size monitor will be done shortl



April 2016: Large Touschek background observed in the LER

Modulel: Diode 6 (gold shielded)

o= 27 ndf 11.91/3
o 00 107.4 + 2.659
TN pt 0.526 +0.03479
3 75 TN
3 - AN
Bkg in T 20- TN
BEAST 2 o F o
s U0 T
60 — RN
50,_ < 1 | | | I -
a0 60 70 80 80 0 110

Beam size in um

Vertical beam size from size monitor (not measured at IP)

->Will need excellent collimators to handle nano-
beam backgounds.
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Global Operation
machine time per JFY
Belle roll~out/in

QCSL at KEK, Dec 2015
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Belle Il Schedule
OO CIEEEEDE N COENEE DD ENEnEE

Summer
Shutdown Physics Run

Global Operation
machine time per JFY
Belle roll~out/in

phase 210 3

When do we start Belle 11 ?
BEAST PHASE |: Started in Feb

of the year)

BEAST PHASE Il: Starts in Nov
2017 [first collisions, limited
physics without vertex

detectors]
Belle Il Physics Running: Fall _ o Y
2018 [vertex detectors in] © QCSL at KEK, Dec 2015
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Conclusion/Next Generation

* Flavor physics is exciting and fundamental. Did
we just find NP via new weak interaction

couplings ?
* Flavor could be the path for the future of HEP
but we need much more data.

* Time for a Paradigm Shift ?

SuperKEKB commissioning started in February. Belle Il rolls in
at the end of the year. First collisions in fall 2017. Belle Il
physics runs in 2018 and the LHCb upgrade in ~2021. These
facilities will inaugurate a new era of flavor physics and the

study of CP violation.
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Innovative Technologies in Belle I1

Pixelated photo-sensors play a central role
MCP-PMTs in the iTOP
HAPDs in the ARICH
SiPMs in the KLM, DEPFET pixels

D
<[O
Belle I

Waveform sampling with precise timing is “saving our butts”.

Front-end custom ASICs (Application Specific Integrated
Circuits) for all subsystems =>a 215t century HEP experiment.

Pixel detector [3 custom German ASICs: DCD, DHP, Switcher]
KL/muon detector (TARGETX ASIC)
Electromagnetic calorimeter
(New waveform sampling backend with good timing)
iTOP particle identification (IRSX ASIC)
Aerogel RICH (KEK custom ASIC)
Central Drift Chamber (KEK custom ASIC)
SVD (APV2.5 readout chip adapted from CMS)



=4 Highlights of Belle II constructlon

Bel/eH ”I"'” s WS
SuperKEKB hardware is being finalized. | , | i‘ [

!
.
TR 2

k‘.ﬂ.‘. 1

~ - -
Sgrad © Noles R NN

S/N Hits

IfinJal Belle ”SVD ladliic'er in CERNbeam o) cpC arriving at Tsukuba Hall; (b) first cosmics
in June (working well !) with partly instrumented electronics (6 layers)






Belle Il construction status

“Tensions are high, tempers are short.”



DESY and IHEP

® AUSTRALIA
® CZECH REP.
® INDIA

® JAPAN

@ POLAND

® AUSTRIA
® GERMANY
® [TALY

® KOREA

® SPAIN



arxiv:1603.04355

uu;v, vaane l.matluvu.u\.u ALALALAVAY WA VUAANY ATAYA NTALANAT ARa “\il \.L,s

Introducing new variables

_Cho _ G
Chro Cho

the observables F\ , F, Apg, A5 (Egs. (6) — (8)) can be

expressed as,

§ and ¢’

(12)

FL =2 (14¢)%*1+ R%) (13)
FP{=2¢(1-¢)*(1+R}) (14)
FLP3 =2 (1-£€)*(1 + R}) (15)
AppP1 =3¢ (1 - §2)(R|| + RL) (16)
V2A5P2 =3¢ (1 — €2)(Ro + Ry) (17)
_F o F _FIG
whereP1—]:.", P2—fo’ ¢ = T
Tl ’ T ’ To ’
- = +& = +&
C C C
R = i°+€ , R = i°_§ , Bo=—1° ; (18)
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arxXiv:1603.04355

The expressions for R) in the limit ¢ — g2, are

840 (24 + AZ)) + 93F(Y + F{V)F{V

Ry (q7.) =
() 8242 — A2 \/ FO _ A2
Wz — Wy
= . 30
wnir =T )
. 3@FM + FY)[3F(D - AQ)?
Truax) =
| 847 1+ 44D + 340 3F™M 4 F)
Vvw — I
— = Ro(gax) (31)
where
F(l) 424 _ A2
wy = 3 and w, = (245 £ (32)

2 — .
2 A(‘” 3ALBFY + FY)
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Updated projections for B>K(*) nu nubar modes

TABLE I: Projections for the statistical uncertainties on the B — K *)vir branching fractions.

Mode B [107°] Efficiency Npackg. Nsig—exp. NBacke. Nsig—exp. Statistical Total
Belle 711 fb~' 711 b1 50 ab~! 50 ab~! error Error
[1079] Belle Belle Belle I Belle II 50 ab™*

Bt — K+vw 3.08 5.68 21 3.5 2060 245 23% 24%
B° — KQvi 1.85 0.84 4 0.24 560 22 110% 110%
Bt — K*tup 0.91 1.47 7 2.2 085 158 21% 22%
B° — K*%ui 0.19 1.44 5 2.0 704 143 20% 22%
B — K*vv combined 15% 17%

[1] A. J. Buras, J. Girrbach-Noe, C. Niehoff and D. M. Straub, JHEP 1502, 184 (2015) [arXiv:1409.4557

[hep-ph]].
[2] O. Lutz et al. [Belle Collaboration|, Phys. Rev. D 87, no. 11, 111103 (2013) [arXiv:1303.3719 [hep-ex]].
[3] T. Kuhr, “B — h™*vi” | KEK-FF Workshop (2013).

P. Urquijo et al. 90



Mixing and CP violation in the D system

CPV allowed
1.2| FrcP 2014
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Mixing and CP violation in the D system

CPV allowed

1.2 FpPcP 2014
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Mixing and CP violation in the D system

9\:, CPV allowed
- 1.2| FrcP 2014
_0.2' B0
i 20
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There is a
very strong y
signal



Mixing and CP violation in the D system

:\? CPV allowed
; 1.2| FrcP 2014
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Mixing and CP violation in the D system

S CPV allowed
; 1.2| FrPcP 2014
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D mixing: Another new physics phase !

245
@ ~ MAM ~0(107) CPV in D system negligible in SM
A A
CPV in interf. mix./decay: mL L < (1+—)e? =0;¢p =0
p A4, 2
§ (. 25
— H30
5 uss
The existence of D mixing (if x is %

non-zero) allows us to look for
another poorly constrained new
physics phase but this time from up-
type quarks.

(c.f. CPV 1n B, mixing)

06 08 1 12 14 16
lg/pl
Current WA sensitivity ~+20°, 50 ab-! go below 2¢
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Belle I Drift Chamber and Vertex Detector in the Ueno Science Museum in Tokyo
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=Jau Lepton Flavor Violation

Belle IT

Example of the

FIG. 5: LFV UL (90% C.L.) results from CLEO, BaBar and Belle, and extrapolations for decay tOpOlOgy
Belle II (50 ab™") and LHCb updgrade (50 fb~").
2 FRr P 1’ W 1] i Ah 3 M
g 105 ! .® s _"uwnga e v, " !' /4
ko) E a® " a .. o 3 /
- L . Cann " " .o - . -
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5 vrh , vgTY v v ' Yy v Yor Yo v T ; l'l }, '/ /]
o 107°F vt Y 4 ) At v vy E L///
= A MR T Ty ey o a et fa e a ] T
= otk ., S ‘ 1 = CLEO
g 10°F 3 » BaBar
g 1 DRch ~ :
5 10% . o *Bellell e A~ N
o 3 * 3 »\
§°‘04o]111111 RN R RN RN IR RSN RN AR RAR RN ERENERT .

R T EEER R AR5 L B P O52 v nme = ik i kK AAES Mk Y i < k<l -

S Lnemean e ten Lk Al Xed o hanb kk KL LA L b e e tag side

e 10'.‘.910';@'36';“;!‘ "y

T —> e Vo V; e'

Belle Il will push many limits
below 107 ; LHCb has very limited
capabilities. y




CPV in the charged lepton sector

* There is mixing in the

neutrino (neutral

lepton) sector. CP violation is possible too.

BaBar rate anomaly ??

8, 0.15 8 0.
e Heovae @| & Feovme ®
0.1 1 dats u 0.02F -#- data
control sample [ —4— control sample
0.0 —%— MC with Im(n_=0.1) 0.0t
Y — o *
C L
* = ——
0.05- B . 0%
-0.15- 00 :
; —— }
019 ola ; 112 1‘4 110 09 oll l1 112 114 110
W (GeV/cd W (GeV/c)

FIG. 2. (a) Measured CP violation asymmetry after back-
ground subtraction (squares). The vertical error bars are
the statistical error and systematic errors added in quadra-
ture. The CP asymmetry measured in the control sample is
indicated by the blue triangles (statistical errors only) and
the inverted red triangles show the expected asymmetry for
3(ns) = 0.1 [R(ns) = 0]. (b) Expanded view (the vertical
scale is reduced by a factor of five).

Can we explore at Belle Il ?

Theoretical predictions for I(ns) can be given in con-
text of a MHDM with three or more Higgs doublets [4, 5.
In such models ng is given by [12]

Mg

— X7 10
Mz . (10)

nNs =

if numerically small terms proportional to m, are ig-
nored. Here, M+ 1s the mass of the lightest charged
Higgs boson and the complex constants Z and X de-
scribe the coupling of the Higgs boson to the 7 and v,
and the u and s quarks, respectively (see [5, 12]). The
limit |3(ns)| < 0.026 is therefore equivalent to

M (11)

J(XZY)| < 0.15————
HXZ7) "TGeVZ/A

M. Bischofberger et al, Phys. Rev. Lett. 107, 131801 (2011)



Separating B-D*tv from B’-»D*uv

* 3 key kinematic variables computed in the B rest frame

Arbitrary units
o
e

o

o
o

Arbitrary units
o o

o
-

0.02f

0-6[
4

Epne (MeV/c?)

2
m

miss

g =p,+p,)

o

LHCb
simulation

approximate
B rest frame



“Missing Energy Decay” in a Belle Il GEANT4 MC simulation
B—2>1tv,t2evw B—>Dn D2>Knann

4
Zoomed view of
e / the vertex region
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“Missing Energy Decay” in a Belle Il GEANT4 MC simulation
B—2>1tv,t2evw B—>Dn D2>Knann

4
Zoomed view of
e / the vertex region
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Beast Phase II & New Triggers

Update to First-physics report: BELLE2-
NOTE-PH-2015-003 Y(2S), Y(3S), Y(6S), =«

Scan proposals

Beast Phase II Physics Task Force formed
to study physics with this configuration (B.

Fulsom).

Belle Y(1S) decay data used for Pythia 8

MC tuning in Belle II (U. Tamponi).

- HLT & L1 Trigger Menu under
design. Evolving Trigger Menu

10?

10°

107

addal el

P |

10

(Link).

10°? 10"
m, (GeV)
Triggers Some Ideas C-H. Li
Single Photon (y) * Cascade: different thresholds with separate pre-scale factors
* Use different pre-scale factors for Barrel and Endcap
ete * two Bhabha triggers, “accept” and “veto™
* “accept” : flattening scheme
« “veto™: 2D-23D ECL Bhabba is being investigated
« salvage: retain a pre-scaled sample of physics triggers without
veto
[TaT * independent CDC and KLM triggers for luminosity systematics
YY * reduce pre-scale to 10 instead of 100
yete [hlt] |* dedicated triggers for calibration (CDC,ECL)
1+ YR * dedicated triggers for detectors study (CDC, ECL, KLM)
2 trks vh*h- * high efficiency for all y energies and h*h invariant masses
* one high energy cluster in ECL, one track in opposite hemisphere
Additional trigger CDC-TOP-ECL-KLM Matching
information More detectors information......



https://d2comp.kek.jp/record/231?ln=en
https://docs.google.com/spreadsheets/d/1T8xczj9LSoAzr8x4M2Tp6mzQBof_OX_zidLAvymafaw/edit?usp=sharing

Beast Phase II & New Triggers

Update to First-physics report: BELLE2- 10°
NOTE-PH-2015-003 Y(2S), Y(3S), Y(6S), =
Scan proposals

Beast Phase II Physics Task Force formed 10°
to study physics with this configuration (B.
Fulsom).

Belle Y(1S) decay data used for Pythia 8 10"
MC tuning in Belle II (U. Tamponi).

addal el

P |

10? 10"

m, (GeV)

10

Triggers

Some Ideas C-H. Li

Single Photon (y)

*  Cascade: different thresholds with separate pre-scale factors
* Use different pre-scale factors for Barrel and Endcap

e'e

* two Bhabha triggers, “accept™ and “veto™

* “accept” : flattening scheme

¢ “veto™ 2D-23D ECL Bhabha is being investigated

« salvage: retain a pre-scaled sample of physics triggers without

velo

(L

* independent CDC and KLM triggers for luminosity systematics

144

* reduce pre-scale to 10 instead of 100

yete [hit]

* dedicated triggers for calibration (CDC,ECL)

* dedicated triggers for detectors study (CDC, ECL, KLM)

-+ HLT & L1 Trigger Menu under 2 teks P
design. Evolving Trigger Menu e

* high efficiency for all y energies and h'h- invariant masses
* one high energy cluster in ECL, one track in opposite hemisphere

(Link). e



https://d2comp.kek.jp/record/231?ln=en
https://docs.google.com/spreadsheets/d/1T8xczj9LSoAzr8x4M2Tp6mzQBof_OX_zidLAvymafaw/edit?usp=sharing
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ZHMOE ~ 4283113 T

Belle Il

D

<[O

Belle I

Data acquisition system

RocketiO over fibre ~ 30GB/s 2011004 vomen
N Data size reduction
o e
V///4 300 COPPERS concentrator 1GB/s

BelleZlink
{rocketiO over fibre)

| Jopjinqg jueAe

Paseq YoyMms YJomau

PXD [—
’IE
smen Y
2 SVD
—
o
9, 240kch
[«
“
*®
Qo
=
o
b others o
coCBPID, @
ECLKLM
elec
[
. TOkch
on detector

10GbE e
Trigger rate 1/3

electronics-hut

Z s0p|inqg Juere |

peseq Yoyms yJomeu

10 HLT farms units RAID
150 CPU cores / unit

computer room
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Discussion Topic: What additional Theoretical Work is
required to determine whether NP is present in B decays

Participants: Wolfgang Altmannshofer, Christoph Bobeth, Jorge
Martin Camalich, Robert Fleischer, Zoltan Ligeti, Rahul Sinha

Nagoya
FPCP15
roundtable

s )

“ukai” Cormorant Fishing on the Nagara River during the Edo Period



.(Pﬂ- Discussed in Nakada-san’s talk

:LfU{l FOLYTECHNIQUE

Upgraded LHCD detector

Tracking System: Calorimetry .y .
¢4 |/ /NEW DETECTORS! uon system -\ .4
— Ma M5\ 4 ard
M3 22
5m [~ / HCAL \ \ N\
ECAL o

T3 RICH2 :
Muon system:

Remove M1.
NEW READ-OUT BOARDS!

15 mrad" >
—
Calorimeters:
Remove SPD/PS — no LO trigger.
Operate PMTs at lower gain
- NEW READ-OUT!
Ring Imaging Cherenkov detectors: JURERE) U Y N S S— >
I5Sm 20m z

Remove aerogel from RICH1+modify optical system.
NEW PHOTON DETECTORS AND READ-OUT!
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LHCb Upgrade: Key Feature is Trigger-less readout

20 MHy * Trigger-less read-out.
= Zero suppression in front-ends.
l = Full detector data to Full Software Trigger.

» |nelastic collision rate is 30 MHz.
Full Software Trigger

LLT (optional)
prof h,p,e,y

l 15 to 30 MHz

- - 1
Full track reconstructio Full event reconStrucuo_n‘ ‘
= Run-by-run detector calibration.

l 1 to 2MHz

Track fit i
RICH particle 1D

Inclusive and exclusive selections

Perform simplified Kalman track fit.
= Add RICH information.

* |nclusive and exclusive selections.

20 to 100 kHz = 2-10 GBytes/s to storage.
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LHCb upgrade timeline

Run at ~4 x 1032 /cm2 / Expect (1-2) x 1033 /cm? /
LHCb S€C collect 5-7 fb1 S€C  collect 15 b

- -ttt

2014 2015 2016 2017 2018 2019 2020 20217 2022 2023

LHC LS1 LHC Run Il LHCLSZ ~ LHCRuniIll
« ppruns 13 TeV @25 ns « ppruns 14 TeV @25 ns

LHC LS3
HL-LHC

= Collect 50 fb* after upgrade.
* Continue taking data during HL-LHC.

Upgraded trigger and DAQ is the key
feature
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Belle Il at IPMU in fHODE, Japan

Constructing two layers of the Belle Il SVD detector in the
clean room on the 15t floor. Dr T. Higuchi is the leader.

Japan (Layer 6) and India/Tata Institute (Layer 4)
e L —

?9Sr Source Test [2] (SBW990)

P-cluster-Q vs. N-cluster-Q  P-cluster Q [e] (w/ Landaw)  #-ofstrips of P-cluster

Sl ’_ ’ = = ==
- i\ B ot u=2.4
: - t\l-l.lhl("c -
Hit map (P vs. N) Necluster Q [e] (w/ Landau)  #-ofstrips of N-chuster

\ T Tt | - u=1.9
'C—w-zomo-o -

S . L4 mechanical prototype 105



Belle Il at IPMU in fHODE, Japan

Constructing two layers of the Belle Il SVD detector in the

clean room on the 15t floor. Dr T. Higuchi is the leader. Test Production by
late Sept;
Detector production
Japan (Layer 6) and India/Tata Institute (Layer 4) starts ~ Nov 2015

ST TEE—
1 XN

|

?9Sr Source Test [2] (SBW990)

P-cluster-Q vs. N-cluster-Q  P-cluster Q [e] (w/ Landaw)  #-ofstrips of P-cluster

A = el = —

| ‘. -~ : u-l;

m T
: - Qv-z.zmo’e -

......... T S e ey amy

Hit map (P vs. N) Necluster Q [e] (w/ Landau)  #-ofstrips of N-chuster

j._.—-';.' - ] :... = -

\ T Tt | - u=1.9
'C—w-zomo-o -

L4 mechanical prototype 105



New Reference for the Next Generation

The Physics of the B Factories
http://arxiv.org/abs/1406.6311

This work is on the Physics of the B Factories. Part A of this
book contains a brief description of the SLAC and KEK B
Factories as well as their detectors, BaBar and Belle, and
data taking related issues. Part B discusses tools and
methods used by the experiments in order to obtain results.
The results themselves can be found in Part C.

Comments: 928 pages

Subjects: High Energy Physics - Experiment (hep-ex);
High Energy Physics - Phenomenology (hep-ph)

Report number: SLAC-PUB-15968, KEK Preprint 2014-3
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B factories: Check CP violation in b=>c [ubar d] processes

2015: First joint BaBar-Belle data analysiS M. Rohrken et al

) ) e
Color-suppressed” B->D (80w - +1 419 Tag ) !
h - -

c
I

D! «)0

Events/ 1ps

u

. 14
B“
d
h(]
d N d

where D%is a CP eigenstate and h%=m?, n, w

»
iy
-
-
| -
W

Combining Belle and BaBar datasets,
~1260 signal events, obtain a 5.40 CP
violation signal-=>First observation

$in(2B,)=0.66+0.10(stat)+0.06(sys) M M

108



B factories: Check CP violation in b=>c [ubar d] processes
2015: First joint BaBar-Belle data analysiS M. Rohrken et al

“Color-suppressed” B>D g}a,'g.éw,, 0 l'ii 13'; ) B8%n - 1
[ . 1 _

C

It = B
DI «)0

u

Events/ 1ps

, 14
RBY

d

h"
d > d

Raw ssymmety

9
I\E»
Ht—t—t——t——t - v v

(c) Belle ny ~ +1
>

where D%is a CP eigenstate and h%=m?, n, w

Events/ 1ps

Combining Belle and BaBar datasets,
~1260 signal events, obtain a 5.40 CP >
violation signal->First observation o

- 4k

sin(2B)=0.66x0.10(stat)+0.06(sys)

Conclusion: CP violation in b—>¢ ubar d modes is the
same as in b—>c¢ cbar s modes (e.g. B2>J/y K) 108
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B factories: Check CP violation in b=>c [ubar d] processes
2015: First joint BaBar-Belle data analysiS M. Rohrken et al

“Color-suppressed” B>D g}a)'g.éw,, 0 ;'ii 1:: ©) BBy - 1
h - , _

C

T = B
D| «)0

u

Events/ 1ps

‘ 14
RBY

d

h"
d > d

Raw ssymmety

where D%is a CP eigenstate and h%=m?, n, w

Events/ 1ps

Combining Belle and BaBar datasets,
~1260 signal events, obtain a 5.40 CP | 3
violation signal->First observation o

g 4

sin(2B)=0.66x0.10(stat)+0.06(sys)

Phase of

. Conclusion: CP violation in b=>c¢ ubar d modes is the
V,4again

same as in b—>c¢ cbar s modes (e.g. B2>J/y K) 108



More backup



But LHCb dominates
on these B modes

M.Needham®ICHEP2014

b u':
Decay time [ps]

T ——— —
) por B
= 2 ~ 30

p 4

<2 g0 +y
P B w00
3 Z 190 ~
3 SN

g 1
o

Total
CP-even

CP-odd
S-wave

Projections are s-weighted and include acceptances,
Decay time acceptance from Bs—Dsnn data,
Angular acceptance from simulated events.
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k3

= Signal model

We use the same notations as LHCb [arXiv:1304.2600]:

d*T(Bs(t))

dOdt

=1

10
= X(O. o, t) = Z O,'(C!, t)'gi(e)s

- 1 1
Oi(a, t) = Nje st [a,- cosh(EAl',t) + b; sinh(aAr,t)*c,- cos(Amst)+d; sin(Amst)

i g(Or,vr,oT) N; 3 b; Ci d;

1 | 2cos? Pr(1l — sin® 01 cos® 1) |Ag(0)]? 1 D C -5

2 | sin®wr(1 — sin® 07 sin® ¢71) 1A (0)? 1 D C -5

3 sin® 7 sin® O |A, (0))? 1 -D C s

4 — sin? Y7 sin 207 sin 1 JA(0)A L (0)| [Csin(5y — &))| Scos(6, — &)) | sin(6y — 8)) | Deos(5, — &)
5 715 sin 2y 1 sin? O1 sin2¢r |A0(0)A|| (0) | cos(éy — o) Dcos(éll — 8g) | Ccos(5) — &) —Scos(éll — &)
6 % sin 2¢ 7 sin 201 sin &1 |Ag(0)A | (0)| | Csin(6; — 8g)| Scos(5, — 8g) | sin(6; — 8p) | Dcos(5, — &)
7 2(1 —sin® 07 cos? ¢7) |As(0)2 1 -D C S

8 %\/Gsin Uy sin O sin 261 |A5(0)A" (0)] Ccos(cS" - 8sg) Ssin(&u - 4s) cos(én - dg) Dsin(5" - dg)
9 %‘ 6 sin Yy sin 201 cos 1 |Ag(0)A ; (0)| | sin(6y — dg) | —Dsin(6; — 8g)|[Csin(éd; — bg)| Ssin(d; — ég)
10| 3 v3cos iy (1 — sin? 07 cos” é1) | |As(0)Ag(0)| | Ccos(dy — 8s) | Ssin(dg — s) | cos(dg — 8s) | Dsin(5g — 8s)

c_ - IA)? _2|A|sin ¢ __ 2|\|cos s
1+ A2 1+ A2 1+ |A)2

|A| includes possible contribution from CP violation in direct decay, we assume |A| = 1 and we assign a systematics.

Alg > 0: we use previous LHCb results. o physics parameters (Alg, ¢, cT, |Ao|2. |A5|2. |Af|_|. S)»051.41)

G. Fedi

(University of Helsinki)



CKMFitter with LHCb sin(28) included

0.8 1.0
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Minimum Beam Size (nm)

ATF2 nanobeams

350 pr—r—r—r—r , s S— vt
[ - Major improvements

300 F—md ) S E— S
- May 2010 = + Multi-OTR installed

250 , _____ 3 E. 4 ___________________ iy Sh:intake Monitor;upgrade
: = / | Multi-pole field error

200 o= 1 .« Skew Sextupoles (installed)

- O | * QF1 (exchanged)

: g @ :

150 L S = i : Sextupo!es (exchangej:d)
- = = Feb 2012 ; .
5 2 o~ : Wakefield mitigation,

100 I | DESEE | | stabilization of
: o < : laser, electron beam,...
: £2 Dec2012 g o /| .

50 e :
: Mar§2013 Apr 2014
0 Lo o TR § AEE R Lo & = .
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“Missing Energy” Decays
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B>K* I* |- form factor ratios determined from data
disagree with theory
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It ks coaveniemt to define P, and P_~ s,

F F

P,=?‘. P,:f}

(%)

The obwervables Fy, Fi, App, As and A; can be writ-
ton l‘l “~

Fi=ul +2% (9)

F; Pg =ui +% (10)
o~ »

,\i.":‘l—P.‘,lmtu.)' (1)
2 .Y :

A = ‘—pglu(,zu-) (12)

V2
.“. ﬁ(?\‘ = ll.||l{> ||3)

R. Mandal, R.Sinha, arXiv 1506:04535 116
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B2>K* |* |- form factor ratios determined from data
disagree with theory
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R. Mandal, R.Sinha, arXiv 1506:04535

ation between fitted values and theoretical estimates |7, 10].
‘e find significant discrepancies for several values, especially
for the large ¢* region.




Initial Belle II projections for charged Higgs sensitivity

| Exp. | Th. |

Will improved by precise V , measurements.

- -1 -1 Py . " . . ~
| Now [ 5ab’] 50ab Ml /My naive estimation assuming o, ~1% :

B= 1w 25% 10%
B Dtv 30% 11%

3% ~5% @Belle Il era
4% 4%

B>Dtv 19% 7% 2% 2% __. My naive estimation
B> Xy 7% 5% 2% V— 7%
Now 5ab
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Yutaro Sato, R.
ltoh et al
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o ~31ps TDC+phase | |

: IRSX clectronics: I

Module 01 assembly at Fuji

Laser Sming: laser_pixol3_0_gaind_MHV3201_18may2015
Direct ditference

) | Ertries 2580
| Mean 0001008
H nes 0.1819
e 5551712
| ] Corgtant 7050+ 359
Mean Q05767 = 0.000238

© SL-10 TTS ~35ps

Belle Il TOP
| (TTS+RSX)
33ps 1 Time res. = 47.9 [ps)

b — A i A A

1 15 2
Resicual Time [ns)

| Sgma 006758 * 9.00030

Module 04 assembly at Fuji Hall

Production testing of readout with single
photo-electron laser pulses in Hawaii;
electronics resolution ~35ps

All quartz and electronics in hand;

now testing and assembling.
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Vacuum scrubbing

LER Beam dose > 100 Ah
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Install I-P bridge: Completed

y) Install 6km cables:
2l Completed June 25-2
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Conclusion/Next Generation

* The e+ e- B factories confirmed that the KM phase is responsible
for most of the observed CPV [Physics Nobel Prize 2008]

* Nevertheless, 10-20% NP effects are consistent with all current
flavor data.

« LHCb has ruled out large CPV phases from NP in the B, sector.

* “Missing energz B decays” provide important high—mass
sensitivity to the charged Higgs in the multi-TeV range."

* Angular anomalies in B>K'l*l" from LHCb with 3 fb™

* Belle Il will soon join the game.

* Flavor physics is exciting and fundamental. (Did we just find NP
? New Couplings; Flavor may be the path for the future of HEP
but we need more data.)

SuperKEKB commissioning started in February. Belle Il rolls in
at the end of the year. Belle Il physics runs in 2018 and the
LHCb upgrade in ~2020. These facilities will inaugurate a
new era of flavor physics and the study of CP violation.




DESY contributions to SuperKEKB

=un - -
= 33 RVC An important piece of SuperKEKB . E

“RVC” = Remote Vacuum Connection
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Also SuperKEKB beam background
simulation: Synchrotron Radiation (SR)

Karsten Gadow (DESY)



“Full sized” pixel detector module O

Geometrical Columns

0 100 200 300 400
Geometrical Rows

PXDO9 illuminated through a mask

MPI and HLL are among the leading groups
of this large detector collaboration.
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Full speed PXD readout - laser scan

:- laser spot at 1 pixel in each of the 24 regions, signal about 4 mip
- taken at full read-out speed (frame time 20us)
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noise (laser system): 1-2 ADU

Laser sighals are working well
- First batch of final sensor production started




