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d Outline @

e [ntroduction
e BY%s — p*u- analysis with 2015 and 2016 data [ATLAS-CONF-2018-046]
e BOs) — py*y- prospects for Run 2 and HL-LHC [ATL-PHYS-PUB-2018-005]

e Summary
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d

Introduction

)

LAS

EXPERIMENT

e strongly suppressed and precisely calculated in the SM:

- BR(B% — p*p) = (3.65  0.23)x10

- BR(B? — u*p) = (1.06 + 0.09)x10-10

= powerful indirect search
for New Physics

e Run 1 CMS & LHCb combination

— 08— e 0 ) = +0.7 9
¢ X | | ] - BR(B% — p*u) = (2.8"%706)x10
5 N ATLAS i Lo N ]
T 06 \\E=7Tev, 491" - - BR(B? — p*p) = (3.971%.1.4)x10"°
+z | § ALl (s=8TeV, 20 fb" -
IR (R (i }\?un nk e ATLAS Run 1 result
Ly - ] - BR(B% — p*yr) = (0.9*11.68)x109
% oo \ » - - BR(B® — p*p) < 4.2 x 101° (at 95% CL)
! i - compatible with SM at ~20
AN Wm A
| Contours for -2 AIn(L) = 2.3 - X1O_9 [PRL 118(2017) 191801]
_(_)_2&‘ ATLAS 6.2,11.8frommaximumc->f,L _ g 0.9 §ﬁ ~ N N\ N g
R e e e B e SRS AN
07F =
B(B; — u* u)[107] OII\ 0.65 R\uQ 1+2015/6
e Run 1+ 2015/6 LHCb result = 05
- BR(B% — p*y) = (3.0+£0.6%9392)x10? R 04F
- BR(B® - p*u) < 3.4 x 1079 (at 95% CL) 0.3F
02F
all LHC results consistent with SM (so far) 03;
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.191801
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EXPERIMENT

BOs) —u*u-analysis with
2015 and 2016 data
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ad Analysis Strategy

e relative BR measurement (to B* —J/pK* reference channel)
- partial cancelation of uncertainties (luminosity, cross-section, ...)

B(Bly— ' 1) = Nagsy) X [B(B* — JIYK") X BUr — p*u7)] %

/ = Ny juk
BOs) yield from norm A
UML fit to my, data /

/

|
Ju o
fd (s) D norm

Eutu-
+(X“u

/EJ/WK+

B* yield from UML

prescaling factor

fit to MupuK data

e use 'Tight' muon working point to suppress misidentified hadrons

ratio of effici‘encies
evaluated on MC
tuned to data

e keep S/B discrimination unbiased - region [5166, 5526] MeV blinded
e use BDT against combinatorial background

e check Data/MC agreement on B* —J/yK*and B% —J/p¢, p—K*K-
e signal extraction with ML fit over my, in four intervals of BDT
e use Neyman construction to improve statistical treatment of the result
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5058-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001

Non-resonant Background )

------------------------------------------------------------

e combinatorial from real muons
— dominant source
— mostly from bb — p*u-X
- modelled with dedicated 0.7G events MC:

small mass dependence over entire search.

- E O OE N W W N W W E W W EEEE g

-----------------------------------------------------------

-------------------------------------------------------------

e partially reconstructed B — yuX decays :
- same vertex, e.g. BO — K*up

— semi-leptonic decay cascades E

b — cuv — s(d)uuvv

e semi-leptonic By — phv
— hadron misidentified as muon
- BYO > 'IT'U"'V, B — K_IJ+Va No— p|JT/

’--------------------------------.~

-------------------------------------------------------------
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- B*: — J/yu*v — pEfu*u-v decays

background signal

U

.
.- 2
&/

expectation based on PDG' BRs and integrated luminosity:

> | | T T T | T T T | T T T | T T T | T T T | T T I_
= 1o ATLAS Simulation F:reliminary i
S : ls=13TeV, 26.3 fb )b —w wx ]
..\9 : - B, decays :
L% |:| Semi-leptonic decays

-
i

—h
l

- | L PR R
4800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
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ad BDT Discriminant A@

w 1g—T——T T g
. . . S ., F —Bl=uwuwMC ATLAS Preliminary 7
® against combinatorial background ~ 10°E— ContinuumbkgMC Vs =13 TeV, 26.3 b &
. o T 10k ° data mass sidebands . -
e 15 variables used for training - :
10°g : E
- topology of reconstructed B-decay oE : E
- properties of muons Pk - b
- underlying event Td= i 4
® split mass sidebands into 3 subsets 10% T ?
. . . 1 :
- unbiased training/evaluation of 3 N ......|...|...|;..|..T§
iIndependent BDT's 12 -1 -08 -06 -04 -02 0 04 04 06
C \ : BDT output f
- similar performance of BDT's ey 2110 € O
] p _ 10 0-2: '|"'|"'|'"|"'|"'|"'|i"|"'|':S|gna|_

¢ signal sensitive region BDT>0.25 S 018 ——Bi—wwMC  ATLAS i 4 extraction
> - —— Continuumbkg MC  Simulation Preliminary -
- &sig = 54(y0, Ebkg = 0.03% % 0.16f -~ B MC+ _ o : E
z 014 P wuwXNC ¥ : =
O T e Semi-leptonic B MC L ' .
S 0.12F ? T E =
C : i 1 7
2 01F | ' =
© Z 1 ]
e suppresses other background - 0-08F- X E
components as well 0.06F E
0.04F . E
0.02 e E 3 -
O:...I... R 2 SR s SN NN
-12 -1 -08 -06 -04 -02 0 02 04 0.6
BDT output
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Peaking Background B — hh’

S

TLA
EXPERIME
> il AL L L BN L 3
_ % 0.8 ATLAS Simulation Preliminary =
e both h reconstructed as y mainly due to 2 b Vs =13TeV, 26.3 fb” E
decays in flight 2 F — Total B—~hh'
§ 0.6;— '+ Blindedregion + ___po e o _;
e from simulation studies: G o5k r 7 ke
B% — K*K-, BY — K*1mr, B% — 1111~ decays 0.4F- S
- C — N Z
0 N . 0.3 , B okt
e |ow rate but BY — p*u~-like topology 0oF O
e use 'Tight' y working point: misID reduction 0.1 il E
. - e L M oy I v, T T I
by x 0.392 with €, = 90% %800 5000 8200 5400 15600 5800

_ _ Ma$'s of two misideriltified muons [MeV]

e final P(misID) = 0.08% (K*), 0.1% (11%), - S S
<0.01% (p) 2 [ -e-ewwic  A7LAS :
Q 20 — DoubleGaugsianfit  Simulation Preliminary —
: : : - - e TiARE o _ B’ — u" w MC ls=18TeV, 26.3fo" -
e signal region yield obtained inverting 'Tight % ! bouble Gaudsian it o | ]
U selection: Npeak bkg = 2.9 £ 2.0 events 5 15 : : -
— agrees with simulation: (2.7 £ 1.3) events - : : ]
— split equally among 3 BDT bins in the 1o ; 5 B
signal fit - i i -
5 E : .
o;-“'- : J: o 4:
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ad Reference and Control Channels &%)

ATL

EXPERIMENT

e B*yield from UML fit of myuuk distributions S wf ATLAS Prefminary L T

- shape parameters obtained from simultaneous & 1 fs=t3Tev.isrfol  — i

fit to data and MC samples of sig. and bkg. g 10: T Comnumplg. 3

- crosscheck: i E
N(Bt —JiyT)IN(B —J/wK?) = (3.71 £0.09)% ¢
agrees with world average: (3.84 +0.16)% 10

—

Pull

A NDODN DS
LI L U r
- L
—-o—| r
—o- i
-o— L
—o— L
—o- i
- r
- __
—— i
T?‘.I. C

e data/MC discrepancies dominate systematic
uncertainty on g,u/euuk ratio
(3.2% out of the total 4.1%) -

¢

5000 5100 5200 5300 5400 5500 5600
My K [MeV]

Data/MC agreement in the most sensitive BDT range:
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=

Signal Yield Extraction

Events / 40 MeV
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Total fit
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----------- Peaking background
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ad Results with 2015/16 Data

e extracted (expected in SM) signal yields:

- Ns=80 %22 (91)and Ng=-12 £ 20 (10) events — consistent with expectations

OI)_I | LI LI | I LI I | I LI I | LI LI I LI I LI I LI LI
| ~ Lo -
S 1.2~ ATLAS Preliminary —
pry - Vs=13TeV, 15.1-26.3 fb™ s
+3‘ Uy Confidence regions, statonly -
3. B 99.7%._._ Confidence regions, stat + syst ]
1 0.8~ 7Tl —
@ o F ST :
z O°F i/ 95.5% e -
C i JRSoeER L LR . RETRE N
0.4 i T .
o L 68.3% Y :
0.2 __ \\‘; ln“:“ SM ~.~~::\" -.\":\"'\ —_
— " [N - . . . \,’ ‘. —]
O T 5 oy W Lo s e ey
—0.2 —_I_I | 11 | | 11 | | | 11 | | 11 11 | | 1 1 1 | | (- | | 11 | I__
0 1 2 3 4 5 6 7

B(By — u* u)[107°]

e statistical uncertainties dominate \
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- likelihood maximum:

BR(B% — p*u’) = (3.2 £ 0.9)x10°
BR(B® — p*y’) = (-1.3 £ 2.1)x10-10

- result from Neyman 2D contours:

BR(BY% — p*u-) = (3.21%0-96_ %0494 309) X109
BR(B® — u*u) <4.3 x10%at 95% CL

- expected result in SM hypothesis:
BR(B% — p*u) = (3.6"1-1.10) x10-°

BR(B® — p*u) < 7.1 x10-%at 95% CL

Source BY (%) BY (%)
fs/fd 5.1 -
B* Yield 4.8 4.8
R, 4.1 4.1
BB > JIWK)YXBJ/W - u"u) 2.9 2.9
Fit Systematic Uncertainties 8.7 65

Stat. Uncertainty (from Likelihood est.) 27

150

Iskander Ibragimov, University of Siegen
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Combination with Run 1 Result &9

ATLAS

EXPERIMENT

=

CID_I B I I I I | I I I I | I I I I | I I I I | I I I I | I I I I I I I I ]

|

o 1.2 . - likels i -

= - ATLAS Preliminary —Run1 data 1 - likelihood maximum:

T i —2015-2016 data 1 BR(B% — p*p’) =(2.8 £ 0.7)x10°

E - — Run 1 + 2015-2016 data . BR(BO N |J+|J_) — (_1 O+ 1.6)X10'10

T 0.8 :_ JER A B Likelihood contours for _:

% oef T ~..  -2amu=236218 - result from likelihood contours:

N e 1 BR(B% — ') = (2.8"0%.07)x10°
0.4 i o T s . 1 BR(B® — p*p) < 2.1 x10-1%at 95% CL
02 4 y CUISMe - expected result in SM hypothesis:

O_ 1 1“.-_‘1\,‘1 ;-“l ] L1 1 ~I~“L~E~‘L‘ 1 1\1 :T%L‘\l 11 ;\'l.\l [ | BR(BOS —> “+IJ-) - (36+09-08)X1 0-9
SRV \\\ .. . 1 BR(BY — p*p) < 5.6 x1010at 95% CL
_0.2& L1 |’\’r:’\|.\|\‘|x‘|. I L L1 |\‘|‘:‘|‘ Ll "I’\:“\I’\’['\I | |"\|\_
0 1 2 3 4 5 6 7

B(Bs — u* 1) [107]

- compatible with SM at ~2.4¢0
- combined significance for B% — p*u- ~4.60
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BR(B%s) —u*u-) Evolution )

d
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= |
1070 | ; :
‘I’zmz ............. 2014 . 2016 2018 | !
I
[ |
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I lllllllll lllllllll lllllllll Illllllll IIIIIIIII lllllllll IR
«—<

107 X CLEO A Belle | e :
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a ¥V UA1 B E LHCb
10 ﬁ ﬁ CDF ’ ‘ CMS ............................................................................
VV L3 O O ATLAS
101 A A DO ®® CMS+LHCb | @M. — u'u
— 1 | 1 1 | | | | | 1 1 | 1
1985 1990 1995 2000 15
[arXiv:1606.00999] + latest results from ATLAS Year
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EXPERIMENT

Prospects of BOs) —p*u-for
LHC Run 2 and HL-LHC
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“Analysis Prospects with Full Run 2 Data (~130 fb'Qﬁf)S

EXPERIMENT

® pseudo-MC experiments based on Run 1 measurement
e 2D Neyman belt construction to estimate CL contours
- total statistics is scaled in the likelihood
- Opb~1.7Xx Run 1 (8 TeV — 13 TeV)
- 2MUG6 || MUG6_MU4 topological triggers
= estimated to ~7x Run 1

- same S/B ratio as in Run 1 - "conservative" as background suppression expected
to improve due to IBL

&~ 1.8 e

o - ATLAS Simulation Preliminary Run-1 statistics .

_ o E 1'6:_ By — u'w T Neyman contours -
Systematic uncertainties: | ——— ___Run2statiscs -
0 + i Neyman contours .
(30% of Run 1 total error) ?  of . E
e external: fs/fq, BR(B* —J/WpK?) @ 1= E
. (88) = N

- keptasin Run 1 0.8 E

e internal: efficiencies, fit shapes, 0.6 E
background extrapolation, trigger 0.4 " =
modelling,... ﬂ ]

. L 0.2 2

- scaled with statistics . S

% 78 9

B(B; - u* p) [107]
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EXPERIMENT

HL-LHC ti event in ATLAS ITK
at <p>=200

pt (tracks) > 1 GeV
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d

HL-LHC Prospects (3 ab)

better a(myy) exg)ected — improvement of ¢
0 . o
m(BY%) and m(B") separation =
3 trigger scenarios considered: ::
- 2MU10 — 15 x N(Run1) 1
[a4]
- MUG6_MU10 — 60 x N(Run1) =
- 2MUG — 75 X N(Run1)
)seudo-MC experiments based on Run 1
Ikelihood
"conservative" systematics
- dominant o(fs/fa) ~ 8.3% (yet Run 1 value)
q';_'0-6._"l""l""l""l""l'Z c'>—
= - ATLAS Simulation Preliminary  "intermediate” - 2
ey O-ST B?,_,—)u‘u' = oy
‘= - working point x60 Run1 statistics —— stat + syst R ‘=
= 0‘4:_ —— stat only B Y
OT 0‘35_ —4— SM prediction _f oT
[a4] - . (a1]
@ 0.2F = o
0.1 -
o =
0.1 E
- | | | | | =

n
w
A-
(&)
(o))

B(B, - u' ) [107]
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B(B] — ') [107]
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B(B, - u u)[107)
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d Summary & Outlook

e BYs) — ytu analysis with 2015/16 data presented
- BR(B% — p*u) = (3.2°11.40)x10°
- BR(B® — p*u) <4.3 x10-%at 95% CL
® combination with Run 1 result yields
- BR(B% — p*y) = (2.8%98,47)x10°
- BR(B® — p*y) <2.1 x10-%at 95% CL
® results compatible with SM at 2.40

e reach for expected full Run 2 and HL-LHC statistics presented

e Run 2 pp data-taking just finished - stay tuned for new results!
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BACKUP
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BDT Input Variables

Variable Description
pIT9 Magnitude of the B candidate transverse momentum p_>TB.
__)
X12>V DV xy Compatibility of the separation Ax between production (i.e. associated PV) and decay (DV)
’ — —
vertices in the transverse projection: Axt-X_5'-Axt, where EA—>x is the covariance matrix.
AXT T
_)
AR three-dimensional opening between 5% and Ax: yaop? + An?
__)
laop| Absolute value of the angle between p_)TB and Axt (transverse projection).
— —

Ly, Projection of Axt along the direction of _p)$ . (Axt-prB)/|prBl.

IP%D three-dimensional impact parameter of the B candidate to the associated PV.

DOCA,, Distance of closest approach (DOCA) of the two tracks forming the B candidate (three-di-
mensional).

Aduu Difference in azimuthal angle between the momenta of the two tracks forming the B candidate.

|do|™**-sig. Significance of the larger absolute value of the impact parameters to the PV of the tracks
forming the B candidate, in the transverse plane.

|do|™"-sig. Significance of the smaller absolute value of the impact parameters to the PV of the tracks
forming the B candidate, in the transverse plane.

Pinm Value of the smaller projection of the momenta of the muon candidates along pr2.

Iy 7 Isolation variable defined as ratio of Ip_T)BI to the sum of Ip_T)BI and of the transverse momenta
of all additional tracks contained within a cone of size AR < 0.7 around the B direction. Only
tracks matched to the same PV as the B candidate are included in the sum.

DOCA ¢k DOCA of the closest additional track to the decay vertex of the B candidate. Tracks matched
to a PV different from the B candidate are excluded.

N)ftlrolfe Number of additional tracks compatible with the decay vertex (DV) of the B candidate with
In( Xitrk,DV) < 1. The tracks matched to a PV different from the B candidate are excluded.

)(Z v Minimum y? for the compatibility of a muon in the B candidate with any PV reconstructed

in the event.
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al Systematic uncertainties on gyuu/epuk ratioA@

Source Contribution (%)
Statistical 0.8
BDT Input Variables 3.2
Kaon Tracking Efficiency 1.5
Muon trigger and reconstruction 1.0
Kinematic Reweighting (DDW) 0.8
Pile-up Reweighting 0.6
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d Signal Fit Model )

e My, distributions split into 4 BDT intervals (bins), each with €sig= 18%
— Ns and Ng extracted simultaneously in 3 bins with unbinned extended ML fit
— 4th bin with the lowest S/B ratio mainly for background control

e fit model
—signals: double-Gaussians with common mean each

—continuum background: linear in myy, minimal correlation between my, and BDT,
shape and normalisation taken from sideband data

—b — puX background: exponential in myy, determined from sideband data

— peaking background: double-Gaussian, same mean, equal shape and amplitude in
BDT bins

o fit systematics 0' y =3+0.05N, and O'N" = 2.9 + 0.05N + 0.05N,

syst
most systematic shifts for Ns and Nq are correlated: pgyqt = —0.83
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=

Profiled Likelihood Scan
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B(Bs — u* u) [107]
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A\ Profiled Likelihood, stat + syst
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Tracker Upgrade for Run 2 (IBL) A@)S

EXPERIMENT
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e additional innermost pixel layer at ~33 mm
e improvement in impact parameter resolution for low momentum tracks
— beneficial for B-Physics
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el ATLAS Inner Tracker (ITk) Upgrade &%)

ATLAS

EXPERIMENT

€ 1400 ATLAS Simulation Preliminary — e |Tk Pixel (13 m2):
© q200 R o . - 5 barrel, 5 EC layers (with rings)
T — ] - inclined design, |Nmax| < 4 (2.5
800 R now)
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400 Eminiminlmimiomiamis : ~580 M channels (~92 M now)
I ) l ' - n=3.0 "
200:““““"“\ : ll |'l"l' '] ll»-l!' -l!' E 40__; . ITk Strlps (160 m2)
bt AT 111 ) A4 —y— =49 7 .
oy st k - 4 barrel layers, 6 EC rings
0 500 1000 1500 2000 2500 3000 3500
2 [mm) - ~50M channels (6M now)
[ATLAS-TDR-030]
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S P .
e |Tk material considerably less than 3 “ T MimcinedDualsTotal {1
current ID: & .| oy S
- better tracking efficiency : : : H :
. 2+ ey 3l [ ot
- Dbetter mass resolution X . :
5
n

[ATLAS-TDR-030]
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https://cds.cern.ch/record/2285585
https://cds.cern.ch/record/2285585

" Mass Resolution with HL-ATLAS €9

ATLAS

EXPERIMENT
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