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! ATLAS B-physics Program

Using well understood B-decays for

JL o = Detector performance validation (trigger, tracking, alignment)
10 pb* = Data quality monitoring with J/y and Y
= Measurement of cross sections of
* direct onia (J/y, Y) production = test QCD predictions
* bb — Jy X, Jhy Xand B* — J/y K*
200 pb- — JIY A, PP — JY — JIyY
= B-hadron properties (B*, B, B_, A,)
. = First limits on rare decay BRs (b — s/d uu, B, — uu)
= Onia (J/y, Y) and A, polarization studies
= Searches for BSM CP-violation in weak B-hadron decays
= Measurement of B_ oscillations (B— J/y ¢)
30 fb" = Searches for rare decays

100 fb = Searches for rare di-muonic B-decays (like B, — uu)
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ATLAS Detector

Tile calorimeter

ner-p»

LAr calormeters
Muon detector =

Si tracker

length: 44 m
| diameter: 22 m
2 T solenoid weight: 7 000 t

" Wolfgang Walkowiak, University of Siegen HA Workshop, DESY 2009 12.11.2009

Toroids Si pixel detector

Transition radiation tracker

3



Interaction rate
~1 GHz

Bunch crossing
rate 40 MHz

LEVEL 1
TRIGGER

<75 (100) kHz
<2.5Us

Regions of Interest

LVLA

CALO MUON TRACKING I

Pipeline
memories

Derandomizers

(RODs)

ATLAS Trigger System

Hardware

Readout drivers

> LEVEL 2
TRIGGER

~1-2 kHz out
~10 ms

HLT

EVENT FILTER
~100 Hz out
~1s

-

%

Readout buffers
(ROBs)

Event builder

&

Datarecording

Software

Full-event buffers

and

processor sub-farms

B-physics uses u-based triggers:

LVL1: coincidences from fast
muon trigger chambers (TGCs,
RPCs) provide seeds for Regions
of Interest (Rol)

LVL2: confirmation of LVL1
signature using precision muon
chamber and Inner Detector
measurements in Rol;

fast vertex fits and invariant mass
cuts possible

EF: refinement of LVL2 selection
with offline-like algorithms;

full event, alignment and
calibration data available;

vertex fit and invariant mass cuts
possible

= 10% of total trigger resources dedicated to B-physics
— fast, efficient and selective trigger needed!
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B-physics Triggers for Di-muon Events

$

= Di-u signature in many B-physics channels

e.g. B — Jy(uuw)X, b — s uy, B — up
= Muons have low momenta (often < 10 GeV)

nrpr-=»

= Strategy: Di-u signature at lowest possible trigger threshold

= Two approaches:
» Topological di-u trigger (main B-physics data taking)

= 2 u at LVL1 with separate Rols combined at LVL2
with cuts on m  and pu-vertex fit

U (LVL1)
» TrigDiMuon (for early data)

<~ 1w at LVL1, at LVL2 search for 2™ p in widened Rol
in Inner Detector and confirm in muon detectors;
apply m,. cut
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<§3>J/tlf(u W)eb(K K)

Same final state for B°_ and B°_

S . . . .
with possible mixing
Mixing Decay = Main parameter of interest:
% b W weak mixing phase
0@
a,c,t4 yu,c,t By " — Z ¢SE 2 arg [ Vts th}—i_ quSM
e+w+° _, s b (SM)~—0.04

= New sources of CP violation

i,¢,1 : -
g* ) ﬂ n 9 A = Ppsu
W 2 .
e " % _ 2 _ o 5 A - = Physics parameters:
u,c,t

0 Vo W Vs ® |A | |A | 6"’
> g (transversﬂy amplitudes)
L, AT, Am,, ¢

Interference of mixing and decay
amplitudes = CP violation
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B,°— Jiy(uw) K*(Km):

Topologically identical decay
15 x larger statistics

* Primary background
« Control channel

+ High precision tests of lifetime

systematics

-~ Flavor tagging calibration

" Wolfgang Walkowiak, University of Siegen

B.°— Jy o:

Physics parameters extraction
with maximum likelihood fit to
angular distributions for
0,0, ®and 15
Analysis is sensitive to

« Statistics

« Experimental resolutions of

0,0, ® z.andmg_

+ Flavor tagging performance
* Background rejection

Determination of physics para-
meters needs larger statistics
-~ Begin with calibration
measurements

HA Workshop, DESY 2009 12.11.2009



B.—J/y ¢ and B ,—J/y K** reconstruction

All plots & numbers for 14 TeV CME

nrpr-=»

JIy trigger

passed? o
Bt 0 @ K*0
Fit u*u pairs Fit x? < 6 &&
H 2
(py > 6 GeV, > 4 GeV) Fit* = 6 8& 1009.2 790 < M, < 990 GeV 8&

to common vertex <M, < 1029.6 GeV?

p; >3 GeV?

Fit x? < 6 &&
Mm within 3 o,
o =58 MeV?

Fit all tracks to vertex,
constrain u tracks to m,,

Fit all tracks to vertex,
constrain u tracks to m,,

Fit 42 < 6 &&
p_ > 10 GeV?

Fit 42 < 6 &&
p_> 10 GeV?

Fit oppositely charged
non-u tracks
(p; > 0.5 GeV, In| < 2.5)

to vertex
Eniries B0274
Mean 3087 F r
E AMS 1017 C 500
. 22 { ndf ve36/-3|  160C r
E J/‘.l] Conslaml 77181112 +a0F- (I) C
= Mean 3099107 - I
0E Sigma 57974072 = 400
~E ATLAS | o :
500 100 3001~
a00F 8ol .
3]];— s 200~
a0 «oF- ATLAS - ATLAS
E C 100—
1lIl:— Z]:— .
e | I 1 1 L N - o
ﬂ]] 2000 3000 3100 3200 3300 3400 Cooaal iy | I T P R R TS SR e a]]lll oo b v by b by
WMass (MaV) 870 980 9e0 1000 1070 1020 1030 1040 1050 1060 1070 700 800 500 1000 1100

Mass (MeV) Mass (MeV)
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B ,—Jhy K with early data

Earliest data (2 10 pb") 10 pb*
(signal) = 42.0 % Parameter | Simulated Fit result

€
e | T_[ps'] 0.651 0.73 £ 0.07
+ 1024 candidates @ 10 pb~
m, [GeV] 5.279 5.284 + 0.006

=  Simultaneous fit of m,
G_ [ps] 0.132 % 0.004

and Iy
o [GeV] 0.054 + 0.006

= PrecisiononI'; ~ 10%

B° mass B decay time 10 pb”
N ob - Jry X

= Tests of tracking p, scale
with 2 150 pb"!

= |mprove world precision
on mg and I'; with 2 1 fb”

10°F

2 =) P o
L X 5 AN 507 NN
XX % 4 % e X 1
] IOOCTINAS K
$%% A\ NS N Sove 0% a %% \ 2% N
R KRIIN »’:“‘:““""‘1& RIS
000000000 000 e e e e e 0 e e e e e e e e e e s e 0 e 0 0 % e %%
[
X2 Q XK ARAKEKKKL X2 % 0000 % 9% %% K2
00000 00 e e e et e e e e e e e e e e e e e e e 0 e 00 e 0 0 0% 0 % e % %
QKSRGS XE XL KX IR XPLX XXX XMX XX XXX XXX XA XXX KR
AP GGAPPGAAAPGUAAAPGAORPPAGPPPIA ]

0 5100 5200 5300 5400 5500 5600 5700 -2
Mass (MeV) Decay time (ps)
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B.—J/y ¢ with early data and later

Early data ( 2 150 pb") 150 pb*

[ | o
re?|01(s5lgnal)d.;(1.5 /Co@ 150 bb- Parameter | Simulated Fit result
T o Canaiae oS b 1 0683  0.743%0.051
= Simultaneous fit of mg_ Ls, [ps7] ' 0.743£0.05
and T mg, [GeV] 5.343 5.359 £ 0.006
Bs
- Precision on I'y ~ 10% S, [ps] 0.152 +0.001
= |mprove world precision c_[GeV] 0.061 £ 0.006
onmg_and T’
with fs 1 o Bs i B.” mass B.° decay time 150 pb”
- 2000 ATLAS i bb — J/y X
With 30 fb? (~ 3 years) 1800 ) [lpp— uw x
= Expect~ 240000 events " Wk §\ | ESUT
= Secondary vertex cut 1200 ; §\\ ATLAS
+ ~ 30% background, tooo; PF NS
mostly B® — J/y K*° ok L ol -
wl DOCkgroun i“ N
and bb — J/y X g Soaled! || jpack \\Q\:l il
+  Opropertime ~ 83 TS St R8N sealedigl
Mass (MeV) Decay tlme (ps)
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B.—J/y ¢ and B ,—J/y K** flavor tagging

P
0 i D - '
B(S) or antl B(s) -. . : BS_)J/\V q) CorrectIyTagged N
Jet-charge tagging (same side) L (= ooty Tagged
Tracks from fragmen- i [ oo
; _ v ATLAS
tation process In D, Pp [
s T e
cone AR around B_° L s
AR "7¢ 2
Charge of  Momentum measure - 8
track j \ (p_ or p;) of track i - =)
“ & ' X
4 P Tuning 100 B )
]et Z | A/parameter g rong ]
: 1 t |Qjet %
Parameters: AR K Qg | B 05
- : et Charge
B d—)J{\V K. is self-tagging  prameter PL B > JyK®  BLo— Jhy o
e
. J | r?eedsg Alidated Tag efficiency 0.870 £ 0.003  0.625 + 0.005
— vall
o WCq) o tor aalibration  /oNtag flaction | 0.380£0.004  0.374:+0.005
onte Lario for callbration ny ion 0.240£0.009  0.251 £ 0.010
Quality 0.050 £ 0.004  0.039 + 0.003
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@ Search for Rare Decays

Very rare decay B — p*u b pt

= FCNC decay with helicity suppression . .
= BRsy = (3.42 £ 0.52) x 10° tiny!

= Test of SM to high pertubative orders b 70 wt

-~ BR s # BRg,, = New Physics!
= Current upper limits: >

+ DO (51"): BR, < 4.5 (5.3) x 10° @ 90% (95%) CL
. CDF (2 fb*): BRs, < 5.8 x 10® @ 95% CL

DO Note 5906-CONF 2009]

[Phys. Rev. Lett. 100, 101802 (2008)]

Semi-leptonic rare B-decays (b — s(d) u*n)

= B,—>K®up
= B, — oy,
= A, A,
= B"—> Ky,
- B+—>K*+},L},l

BRs ~ 109, Ve W- T
mediated by FCNC (1-loop diagrams) b |
measure di-u spectra,

differential cross-sections

and forward-backward asymmetry (A, )

Not covered in this talk

t-W loop
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Strategy for' B — “u All plots & numbers for 14 TeV CME

b’

= Measure BR relative to B* — J/y (L) K™ as reference:

nrpr-=»

Acceptance ratio o Ratio of b — B*to b — B,

NB X €p 1 f + + + -
. “BR(B —»J/yK )BR(J/
N o, & En . (B =>JIw K )BR(JIy—p i)

BR(B,—u' )=

Trigger, reconstruction : : ) _
and selection efficiencies Final signal selection efficiency

= Use topological di-u trigger (at L = 10® cm=?s?)
= LVL1 & LVL2: 2 p with p. > 6 GeV
- LVL2 & EF: M, <7 GeV, vertex ¥2 <10

= Trigger performance for Level Efficiency
B.° — uu events L1 x L2 52 %

= Possible at 10¥* cm?2s- EF wrt. L2 88 %
with increased thresholds Overall 46 %

(MC generation with p_(u) > 6 GeV & |n“| < 2.5 for both p)
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Offline Analysis Strategy for B, — uu (1)

= Use u tracks from Inner Detector and
Muon Spectrometer

= Use lowest possible p_(u) cuts
= Event preselection:

Di-u trigger
passed?

Fit u*u pairs
(p; > 6 GeV, >4 GeV,
| <2.5)
to common vertex

1800jt‘\|||||||||||\\\‘H\‘\|||||\

[T 7Ty

Fit %2 < 10 &&
k 43 <m <7 GeV
Endcaps

Preselected
B.° candidates

|T] |>1. 1
|1'] 1|>1 1]

1 = Barrel: G(mw) =70+ 1 MeV

| = Endcaps: o(m ) =124 + 1 MeV

>‘ L ‘ TTTT | TT 1T ‘ L | L | T TTT | TTTT ‘ TT 71T
% 17Single u offline reconstruction
s [efficiency .- +*4
8- geee®e®®®™ e, |
L . ]
B — events ]
0.6_ s HU 7
Single ]
0.4 g kb, ]
__ spectrum -
0.2 _ ATLAS .
_,‘, ___‘—_._I_ .I‘...\..‘:
0O 5 10 15 20 25 30 35 40
p_[GeV]
.2 RERRRN] [TTTPTTITITTIITTpooT] [TTTT .g
©3000F ﬂ 4 ¢
% : %1600*
2500/ Barrrel 1400~
20005 i [<1 1200

- <11 _

[ |1T]]M1|<1.1 1000
1500 H, 8 800
1000; . 600;’

: J ATLAS 400-

500 \—IM - [

i ; 2001

AN L RN b

04648 5 52545658 6 6264

Inv.Mass(u n) [GeV]

04648 5 52545658 6 6.26.4

W Wolfgang Walkowiak, University of Siegen

nl REE NEE NRNERE Ll

w1

Inv.Mass(u p) [GeV]
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Offline Analysis Strategy for B, — uu (2)

Final event selection cuts:

A) Transverse decay length of B-candidate:

ny > 0.5 mm

B) Pointing angle between % and vertex direction: o <0.017 rad

C) Di-u isolation inside cone with AR < 1 around p:“: ., >0.9

Hp

_ Pr . L

]uu —T‘/Tracks with p, > 1 GeV within AR < 1
;P AR=\AR+ A

_? ;“"' TrpTTTIrTTTT _ _g T ! TTTTTT _102— [T T
S > A |[bbopuX > El, B *Bl>pup S [ |*Boup C *
T - = < i
= Pd Z 415 — = —
= 10_1:-0-1’ Bl up =10 E.. *bboupX %0_157+bb%ppx -
g '.':_.'-O-_._ .'o - A
- i
v, e, *% wAPs 0 8 - ATLAS - 4,
102k + - L0 A W R P Y v e
| HH T ] e T RS C
“ 0.05 * i
ATLAS 1 oy SR A B
ook | ATLAS ", S . o o
c 107 H - i
:<_ .:t o S
:HHIllllh‘\\\Illl\\‘HIIlI\IIlIIH‘IIIIlHH :\|\||\| L L I | 0 T ||-.-| L TR N I
005115 2 25 3 35 4 45 5 0 0.1 0.2 0.3 0.4 0.5 0 02 04 06 038 1
Transverse decay length [mm] a |y
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U1>f'-l>

B, — upu Summary

For 10 fb' (assuming SM):

Signal and background of similar

order after all cuts

= Expecting about 5.7 signal and
background events

147
Already with 1 fb™:

= O(10°) di-u events with

4 < m, <7 GeV
= Tune cuts

< Train multivari-

ate procedures

B, — up program
will continue for

whole life of
ATLAS detector

— =1 Scaled to 10 fb™ & bbpp
S - — signal B)— p
B10°E ATLAS B K
= I B Kpuv
-%_102; B,—Km -
Z =8~ T 3
© E ]
ol T ¢ bbl— pp
- Re E
1= E
107 B, — pu E
EB —> k\_h_HY | o4 N ]
-2 — i — e —-=
102+t L
.3_ T L _+_ [ R R ]
10745 5 55 6 6.5
Mass(u p) [GeV]
Cut e(B, — pp) g(bb — pp X)
,, > 0.9 0.24 (2.6 £ 0.3) x 102
L, >0.5mm 0.26 (1.4 +0.1) x 102
(1.0+£0.7) x 103
o <0.017 rad 0.23 (8.5+£0.2) x 102
M in [-G, +20] 0.76 0.079
MK
Total 0.04 0.24 x 10°% (2.0+1.4)x10°
Event yield 5.7 14+

" Wolfgang Walkowiak, University of Siegen
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K\A
@ Conclusions

= ATLAS B-physics program will start with early data and continue
to indirect searches for New Physics via B-hadron decays

= ATLAS provides an efficient, fast and clean di-u trigger scheme
to collect large numbers of B-hadron decays with pu final states
= ATLAS prospects:
« ~270000 B, — Jhy ¢ events with ~ 30% background @ 30 fb"

« 5.7 B, — pu events with 14"~ of main background @ 10 fb”
assuming Standard Model branching ratios

= Early data will be used for
 valuable detector performance studies
 calibration studies supporting New Physics searches

[Main reference: The ATLAS collaboration, “Expected performance of the ATLAS
experiment : detector, trigger and physics”, CERN-OPEN-2008-020]
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Backup slides
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Angular distributions for B.—J/y ¢

ner-p»

Lk | * (1) | g(t)
1 | Ag(2)]? 4sin” 6, cos® bs
£ A0 (0) (14 cos -:f}s]e_rzlt+
(1—cosg,le i+
2e 1+t sin(AM,t)sin ¢, .
A (t))? (1 + cos?8,) sin® 8, — sin” 8, sin” B, cos 2x
v [a]
31410 (1+cosg,)e"i *+
(1 — coag,)eTat+
2e~"+! gin(AM,t) sin ¢,
3 lAL(E)]? (1 + cos? 01) sin® #2 + sin® 61 sin” 2 cos 2x
__yetal
AL @F (1~ cosg.)e ¥ 0+ + h.c.
(1+ cos ¢, Je~ Tt -
2e T+t gsin(AM,t) sin ¢,
4 R{AG(£) A (1)} 2sin” f; sin” A, sin 2
3140(0)[]4; (0) cos(dz — 41) (1+coage)e" O+
(1—cosd,)eTat4
2e ="t sin(AM,t) sin ¢,
B {4 (DA L(R)} —+/2 sin 26, sin 20, cos x
A, (0)[TAL(0) & T-*{5in 8; cos(AM,T)—
cos 8 sin(AM.t) cos ¢, —
% (E_F:]‘ - e_rfj‘:] cos ¢ sin g,
6 I{A3(t)AL(H)} /2 sin 26, sin 262 sin y
[Aa(0)[|AL(0) e~ " =" {sin 8, cos(AM,t)—
cos d2 sin{AM.t) cos ¢, }—

_1|=] o= ala) . !
%(E o T ‘) cos d; sin g,

b2

" Wolfgang Walkowiak, University of Siegen HA Workshop, DESY 2009 12.11.2009 19



. Maximum likelihood fit for B,—J/y ¢

e, e W (t, Q)+e. & W'(ti,Q)—I—be_r"t")g(t—ti)dt

tag rec tag rec
o0
/s

Lli(t/—;J %sversﬂy amplitudes
P)

tag rec ta g rec

= oW
(0,0,9,1)= d@d@dqbdtz (0,0,
(0,0, .02 L3 5" (0, 0, )
do,do,dd¢dt k hr
B(t = 0) = B, Spin dynamics

" Wolfgang Walkowiak, University of Siegen HA Workshop, DESY 2009 12.11.2009

e & W'(t, Q)+e. & W'(tl.,Q)—I—be_r(’t")g(t’—t)dt)dt’

20



— @ bb>pup E-IOT & bb>up
—smagial B — signal B>y Events scaled
-+ BY>K g 5 - BY->K 1 S
-+ Bl>Kpuv 10° -Bl>K v tO 10 fb1
ERRL
] @ = m_ after:
ATLAS 5 I |
HL# 1 10 (a) Preselection
b i
s b) After transverse
e L o R Ml [ ( )decaylengthcut
10°%45 5 55 6 65 7 10°%45 5 55 6 65 7
B, > Km (g) Mestwiey (b) "= () After pointing
=107 A®eEn | S0 b angle cut
o — 3igna 5->pp o s N — signa 5->pp . .
Z10° = B{->Kn g 10 ke > 09 B>k (d) After isolation
10° - Bl>Kpv 105 - Bl>Kpuv
E - E cut
10° - i w4t + 4T &+ T F—
10° _% 10° ATLAS _% == bb —> l'l'u
107 ERS dominates!
10 N 10 .
1 N 1 & —
10" 1 10" ] L 1
10205 5 55 e e T 1024 e s T
(C) Mass(u p) [GeV] (d) Mass(u p) [GeV]
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