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Outline

» The ATLAS experiment

Detector

Trigger for B Physics

» Exclusive B decays with /0> p* u-
BAD)/ Y (u* o)
B,2)/ (1™ u-)K®
B2) Y (u*u)d
» Search for Rare decay
B> pt -
(B*2>)/ ¢ (u* 1) K* as reference channel)
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Di-muon Candidates / (0.01 GeV)

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

The ATLAS Detector

» Inner Detector
» Good mass resolution

» S/B discrimination

» Limited PID: K/pi separation only for p<|GeV
» Good vertex resolution even with high pile-up

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

» Precise B measurements

» Muon Spectrometer
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Trigger for B Physics

» ATLAS trigger
> L S S S A
Output rate ~300Hz 2 10, e ATLAS Preliminary =
Three levels of selection 3 r =::':::::mm .
: g 10° B i -
Based on Regions-of-Interest _g - (25) B I et s Y(1sz{ os) s
Lﬁ : :;_:::nmus_mimumu Y(38) a1
) 10° o =
» B-Trigger PR
High p; trigger priority for general-pourposes 10" s
experiment (Higgs, SUSY etc.) =
Keep low p; trigger thresholds at high 10° oo
luminosity - Ldt~231b" -
CUNM IR TR (SR TR R S N [N RSN T RN SN RN N TR S TR T S|
Total bandwidth is the main limitation 2 6 8 10 12 14
. . . m,, [Ge
» Di-muon trigger is the key e I I I e [GeV]
o 7 ATLAS Online Luminosity \s=7Tev
Es E - LHC Delivered
g 65_ [_] ATLAS Recorded
» ~| Ofb'l in 201 1+2012 § 5 Total Delivered: 5.61 6" g
;' A E  Total Recorded: 5.25 fb™! 3
. [5] C ]
» bb-production mostly at large | 77 | 8 b Excellent data quality and ]
2 3 data taking efficienc —
» In 10fb-! expected about £ F g Y :
s - -
300G B pairs = E E
60M B S)/ Y ¢ S eI T T :

ob—
28/02 30/04 30/06 30/08 31/10
Day in 2011
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BAS2>J/ Y (u u)ms

» B, bound state of heaviest quarks (c,b)=>

Test of non relativistic potential models, perturbatve QCD, lattice calculations

» Trigger: %""""__'"""""_1 1
Single muon p> 6 GeV. ;100 ATLAS Preliminary L\t(igtzt;_?_ef\t;
Di-muon pr(1 ,)> 4 (6)GeV, pr( L ,)> 4 GeV <

Selection cuts: § 80
JIpsi: B 60

pr(11)™> 6 GeV, pr()™"> 4 GeV

Muon vertex fit X /N, <15 aof 1 _
M(u #)-M(/ )| < 180 MeV - No, =82 170

Pion: | g | 20 0=36+9,,, MeV +
>|Pixel hit > 6 SCT hits | T R S
P (T[i) > 4 GeV 5800 6000 6200 6400 6600mJ/W (M%ng

B - Mg, (fit) = 6282+7(stat) MeV
popvertex fit X “/Ngo<2 M. (PDG) = 6277+6 MeV
p(B) > 15 GeV

Signal+Bkg unbinned maximum likelihood fit Good agreement—> py scale well

understood down to low p; values
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Events / (20 MeV )

B,~J/YK?° and B.>J/¥d

» B hadron mass signal measured in exclusive decays

300..,., ......... R S . Withj/w(ﬂ u)(20|Oand20||)
200 ATLAS Preliminary Mg = 5279.6 = 0.9y MEV

NS=7Tev Ny = 2340 80, MV » Good consistency with PDG values
600 fL dt = 40 pb o= 3881 B stat) MeV

t>0.35ps

500 » Two early examples showed here

400 Very low pile-up (‘relaxed analysis’)

300

- —"'|""|""|""""|""|""I""I""—
200 g 120:_ ATLAS Preliminary Mg, = 5364.0 = 1.4, MeV |
© F Ns=TTev No, = 358 = 22,4, 1
100 E 100;_de1=40¢, :>02?1(§5;s1 5 gty MV _;
0™-5760 5200 5300 5400 5500 5 so- =
M, ke (MeV) w - .
60— -
/ C ]
» /Y (common) sof- 3
» 2 muon candidates p;>3GeV C ]
20 ]
» U U vertex fit X 2/Ny,<10 R ]
O_ sl b b by b b L |
b [M(# 1£)-M(/ )| < 270/360/480 MeV (BarrelBarrel/BarrelEndCap/ECEC) 5200 5300 5400 5500 5600
» BA>) W KOS 1y KT »BsDY Y b > g u KK My roc (MeV)
» 2 not-muon opposite charge tracks with p;>0.5 GeV > 2 not-muon opposite charge tracks with pr>0.5 GeV
» M(KTT) in [846-946] MeV » pr(K*),pr(K)>1GeV
b po(K'0)>2.5 GeV » M(K*K-) in [1009-1031] MeV
» 1 p KT vertex fit X /N, <2.5 b 4 KK vertex fit X %/Ny<2.0
» 7>0.35 ps » 7>0.40 ps
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» BO>putp-

Process sensitive to FCNC

Highly suppressed in Standard Mode

BY - u 1 : Physics Motivation

New Physics could increase (but
even decrease) Br(B. > p+u-)

Powerful probe for New Physics

Current status:

SM prediction:

Br(BO.>p*p-) = 3.240.2 107

SM fit (CKMfitter):

Br(BO.>p*p-) = 3.64702 . 107
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BY = 1 1 : analysis overview

» Result on 2.4fb"! o 70 ATLASOnineLuminosity \e=7Tev
> - [ LHC Delivered
collected up to July 201 | with 8 O [Camas Recorces
. E 55 Total Delivered: 5.61 fo”
homogeneous trigger 3 E ol Recorded: 525"
8 4
. © E
» Relative measurement g of
Partial cancellation of systematics g
1=
Reference channel: B*>)/ ¢ K* e
. . . L. 28/02 30/04 30/06 30/08 31/10
High yield with similar final state Day in 2011

tot

BR(BS %‘u‘u) _ ]]\\]]BS—MLM. T T < . fu BR(Bi %J/l/JKi)

fot
J YK * aBs%Wng%W fs
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BY = 1 1 : analysis overview

» Unbiassed

»  Blind analysis
signal region (£300MeV around B° mass) blinded Y [BSignaliRsEionMN NSidebandiegions
[4766,5066] MeV

Use MC to model data By — wtu™ | [5066,5666] MeV [5666,5966] MeV

[4930,5130] MeV
[5430,5630] MeV

»  Background data in sidebands split in two BE s J/pK* | [5180,5380] MeV
50% to optimize selection cuts

50% to measure the bkg yield after cuts
optimization

» Signal/Background discrimination

» Multivariated analysis Dete.Ctor Mla sts
] region resoljution
BDT based on 14 variables (MeV)

» Data sample split in three mass resolution

categories according to the pseudorapidity AL sl 60
value of the muon with higher | | (7 ™) 1.5 Transition 80
» Signal extraction 25 Endcap 110

» Event count in signal region
» Background estimation from sidebands

» Limit extraction with CLs method
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Background Composition

» Real muons (continuum):
bb—> UuX dominant background
Modeled using data in sidebands
»  “Fake” muons (decays in flight, punch-throughs):
B->hh (KK, KT, )

B—>hh reconstructed as U U

ﬂ i T l L I T 171 | T 17 l L | T
“quasi irreducible” due to close topology 5 0.06 _:s/B_sI: KK ATLAS simulation
— By > Kn* .
BRx(fake rate) = 10, close to SM B,2>pp gO 051 oK =7 TeV
Contribution estimated with MC: E —B/B, e >
almost negligible < BB KK :

©
o
.;;

IIIIllllllllIIIIIIIIIIIIIIIII

B/ BJ171 MeV
» Single muon + “fake” (e.g. B> uKV) B KW BA133 MeV |

- ByBy—>7n < »

Negligible contribution, 0.03 ~|-‘

outside our search windows 0.02 i i iBE116]MeV
0.01

I P i ) S 2 e

5800 5100 5200 5300 5400 5500 5600
Invariant mass [MeV]
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B*>J/ ¥ K* Yield

tot

|/

BR(B %MM) _N A=y 1

B, —uu tot
B —>W‘€Bs = uu NJ/z,uK*

“- BR(B* —J IyK*)

N

— 1 r r ] 1] 1 — 1 r 1 T T ] r T 17

> - ]
. 0 900 —
» BDT trained for B, used also = = ATLAS T E
. . . . hay 800:_ P _:
on B%,in order to minimize 3 oo \s=7TeV Fit ]
' ' ' = E - 3 CKE U s E
selection sistematics 5 eook IL dt=241fb — Bk Jy signal 3
. . . g = Combinatorial Background g
4 Yleld uncertainties 5005_ Partly Reconstructed Decay%
Statistical 400 ;_ ——— B*— J/y 1* background _;
: 300F- =
Systematic - =
- 200E- =
Vary binning 100 f—o-++n-'+++,,,+_,,+++++_._+ﬂ+ § =
Signal/background models ] S i -
Binned/un-binned fit 5000 5100 5200 5300 5400 5500 5600
My K [MeV]

|Mmaz| Range | 0-1.0 1.0-1.5 1.5-25

BE = J/yK*® - ptp K* | 4300 1410 1130
statistical uncertainty +1.6% +2.8% +3.0%
systematic uncertainty +£2.9% +7.4% +14.1%
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Single Event Sensitivity

BR(B, — uu)

NB

s~ uu

»  SES (single event sensitivity)=B,=> 1 t Br which
would give | signal event in the data sample

» Efficiency and acceptance
estimated on MC
[Nmaz| e A% A%
Upper limit Stat. Syst.
1.0 0.27 3.1 3.1
1.5 0.20 4.8 5.9
2.5 0.14 5.3 5.9
12

4

A
|
tot
o &7 1
St i “- BR(B* —J IyK*)
a £ N f
By —>uu™ B, — uu JIyYK* )

>

|/(4.450.38)10-3

from PDG+LHCbPhys.Rev.D85(2012)032008)
Dominant systematic uncertainty

Additional systematic uncertainties:
» Data-MC absolute K efficiency: 5%

» Vertex reconstruction efficiency: 2%

» K¥/K- asymmetry: 1%
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Signal box opening

Events/60 MeV

» Mass window width (dashed lines) for signal region
(SR) optimized in each mass resolution bin

Events in sidebands
(unbiassed)

Events in sidebands (biassed)
Expected bkg event in SR
Expected resonant bkg

Observed events in SR

| 7]<1.0
5

3.86
0.1

3
1.0<|7|<1.5  15<|n|<2.5 &
0 2 :
! |
0 2.28
0.06 0.8
! 0 :

Rare and exclusive B decay at ATLAS
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Limit extraction:

» Upper limit extracted with modified frequentist L = Gauss(eobs|€, 0c) X Gauss(RPEE|RPXE, o puss ) X
(CLs) approach Noin
- , ] [ Poisson(N™|ee;BR + N*E + N2 77) x
» Limit expectation at 95% CL i1
Even sidebands (unbiassed): 2.3% 108 Poisson(N &, | RP*€ RSN x
Odd sidebands (biassed): 1.7x 108 Gauss(€obs,i/€i, 0 ) -

All mass resolution bins merged (for comparison): 2.9% 108

» Observed limit at 95% CL (unbiassed): 2.2x10-8

J 'F —4— Observed CLs
SRR po Expected CLs - Median

» Next steps: - ] cupecat oo 10

> Full 2011 (and 2012) statistics "E e

» Use spectrometer information to improve :

mass resolution in forward regions e j“"-?ATSV

» MC-based continuous background model i I ::; 2:,b4

» Mass fit for signal yield extraction 10_35_
»  Expect improvements better than VL | BR(Bs>pH)<2.2x109 @ 95% CLs

PR I ST NN S T SR T R S

o

1 2 3 4 5
BR(BI—pw)[10°]
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BY <> u 4 LHC combination

1

7] T LR B B
- B -
»  ATLAS result combined with © : ATLAS+CMS+LHCb
CMS and LHCb b H)<42x109@ 95% CLs |
» Observed limit at 95% CL:4.2x 107 os|- -
» Most recent up-to-date result 04:_ .
» Compatible with SM signal within i 1
| o (1-CL,,,=84%) 02f .
» p-value bkg-only hypotesis (1-CL,): 5% ———
L R
B(B: - utw)x 10°
SM value for Br (3.2x10-) is becoming close
.. LHCb | LHCb :
Mode Limit ATLAS | CMS 2010 | 2011 Combined
Bkg Only | 23 (3.6) 65 | 3.4 2.3
B— ptp~ (107°)  Bkg+SM 8.4 7.2 6.1
Obs 22 | 7.7(72)| 56 | 45 4.2
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Conclusions

» Rich B-Physics program with ATLAS

Event selection strategy mainly based on di-muon trigger
Benchmarks channels with J/ 9 > 1 1 well assessed
Pt scale well under control down to few GeV even with high pile-up
More additional interesting results
See talks by: K.Toms and S. Palestini
Search for rare B, 1 1 decay with 2.4fb!
Br(B,~> u 1)<22 10°
Extension to 5fb-! with several analysis improvements in preparation
LHC combination (ATLAS+CMS+LHCDb) gives the best up-to-date limit:
Br(B,~> 1 1)<4.2 107

SM value is getting close!
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Supporting material

Rare and exclusive B decay at ATLAS 5/07/12



Reconstruction

» 2-(B%) or 3- (B*) prong vertex constraint

» Primary vertex selection:
The closest in z to the B candidate

Re-fit excluding B daughters

» Tracks:
At least | pixel, 6 SCT and 9 TRT hits

| 7|<2.5 and p;>4 (2.5) GeV for muons (kaons)

ID tracks matching tracks in Muon Spectrometer for muons

» B candidates
pr>8 GeV and | 1 |<2.5

»  Signal/Bkg discrimination

Boost Decision Tree on |4 variables
Optimize P with a=2 for 95% CL.

Most powerful discriminating characteristics:

Distance PV-SV (Lxy, ct-significance, )

Symmetry of final state (pointing angle alpha2D, d0 ...)
Full reconstruction (pointing angle, Dmin) 1

B hadronization features (Isolation, pT of reconstructed B)

and event selection

ATLAS
\s=7TeV

J Ldt=2.41fb"

4910

Normalized Number of Events

5
10 ATLAS 3
\s=7TeV
. I Ldt=2.4 10"
10

Normalized Number of Events
=

—_
o
)

e
-y T L T

ATLAS
1otk \s=7Tev

€si
P = a—g
2 TV Voke

j Ldt=2.41b"

>

:/
7

w .
7
.

Normalized Number of Events
=)

.

0 02 04 06 1
(I

Isolation 0_7)
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