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Introduction

€ The ATLAS experiment has been designed to discover new particles
= first success: the Higgs discovery in July 2012

€ However, the excellent vertex finding, tracking and muon identification
capabilities of the ATLAS detector provide good conditions for studies of
B mesons and B baryons

€ ATLAS has performed several measurements, e.g. B* and b hadron
production cross sections, B9, B, and A, lifetimes, CP violation in the BO,
system, studies of the B*_decay, search for B, —u*u,

€ Present here:

® Flavor-tagged time-dependent angular analysis in BL2>J/y¢
and prospects for run IT and the high luminosity upgrades

® Status of BL>utu and the measurement of f./f,
® Expectations for run II
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NI =3

€ ATLAS is a multi-purpose detector providing excellent tracking, calorimetry
and u identification

CMS

— —

LHC

Total Integrated Luminosity [fbT]
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€ u identification from
combined u spectromete
(MS) & inner detector
(ID) tracking

25m

€ ID tracks provide
precision momemtum
and lifetime measurement W |
for momentum range beingof W/ | € S e

inul-er.esT for B physics Aanefa Rt Solendid mo?nef Transition radiation tracker
G. Eiqen, Susy 15 - . Semiconductor fracker » ~ - _ 3

Tile calorimeters

LAr hadronic end-cap and
. forward calorimeters




Flavor-tagged

time-dependent

angular analysis in

BO>J/wo
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Study of BY.—J/y¢

BY_ mesons form a light CP-even (B,) and a heavy CP-odd (B.) eigenstate
Mass difference of the 2 CPES is AM=m(B.)-m(B,)=17.757+0.021 ps! (data)

=

=

€ Lifetime difference of the 2 CPES is AT=T'(B,)-T'(B,)=0.087+0.021 ps (SM)
=

BO.—J/y¢ is a vector vector decay = not a pure CPES, since S,P, & D
waves contribute (CP=+1 for S & D wave; CP--1 for P wave)
= in addition, B°,—=J/yK*K" in S wave (CP=-1) contributes under ¢ peak

€ Need to perform angular analysis to separate
CP-even from CP-odd ES k y

€ Use transversity frame; I+
Qr=(Yr, 01, ¢r) D
GmpliTUdCS Ao, AT, A”
project S,P & D 1/
wave contributions
and A; for S-wave
background
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€ In B°.—J/y¢, CPviolation is caused by interference between mixing and

decay

* —|— B? W W
| s t.c,u
- -
dominant

“tree“contribution

€ Weak phase

€ Inthe SM
w/o penguins
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npr=m

Candidate Selection

€ 2 oppositely charged muons from di-muon trigger (p1*!=4 GeV & pt*¢ =6 GeV)
from a common vertex (x°/dof <10) having m , consistent with J/v mass
BB: (both muons in barrel) 2989 «<m(J/p) < 3199 MeV

EB: (1 winendcap, 1 u in barrel) 2944 <m(J/y) < 3242 MeV
EE: (both muons in endcap) 2827 <m(J/y) < 3357 MeV

€ 2 oppositely charged hadrons from common h*h-u*u- vertex (x?/dof <3)
having my, consistent with ¢ mass with p(K#) > 1 GeV

Lm/nB

Pr

B

€ Determine proper decay time 7= (L.y: transverse decay length)

€ The average pile up is 20.7 pp interaction per bunch crossing 2 determine
3-d impact parameter d, and select smallest

dy: distance between the line extrapolated from the reconstructed BO, vertex in the
direction of the B% momentum for each primary vertex

€ Select mass range 5.15 <my,, < 5.65 GeV

G. Eigen, SUSY 15 7




BY, FlavorTagging

€ Identify BY flavor at production point by tagging the flavor of the
other b quark in the event (in semileptonic decays, Q./Q, tags b flavor)

Nfr‘acks‘
€ Define cone charge for tagging categories u, e , jet: Q - 2,74, (Pr)
(Kuijet =1.10 k. =1.0) q;: charge, p'y: transverse momentum E”ks( p’ )

N =3

€ Tagging power: T_, (1 ~ 2(1))2 _ lepton tagger

efiniciency B T NEmEeee |

o 0.25— T — 0.25F e -

w: probability to tag b flavor N B NN B

. oB ] F oB ]

w=V. 15 e 15F ]

correctly (w=0.5 for untagged) o combined muons M egment tagged mums

0.1— — 0.1— i

i e, e A +

€ Use B:—J/yK: to determine oo e | v et

B charge ° * . B T

zig 03— | |7g - jet tagger

Tagging Power [%] 38 ° wasrdmon |||, s rden JET TA93ET
25— <+ e Data ]

. - 4.. Data ] C " ]

Combined w 0.92 +0.02 0.2f -8’ E 02 'g_ 3

E oB’ ] F ° 1

+ 0_15; 0.15— —

Electrons 0.29 £0.01 E electrons (2012) . : :

C ] 0.1 —

Segment Tagged 0.10 £ 0.01 B+ ] e gy + 7

0055 L e, et e =

Jet charge 0.19+0.01 ST A e R Foee e
0 _‘1 — ‘_0‘_5‘ — 6 — ‘0_‘5‘ — “] 0 -1 0.5 0 0.5 1

Total 1.49 + 0.02 Q, Q,,
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N2 =3

Maximum-Likelihood Fit

€ Perform unbinned maximum-likelihood fit to reconstructed mass m,,
measured proper decay time 1; plus its uncertainty o,; ,tagging probability
o; and the transversity angles Q+ for tagging category i to extract 'y, AT, ¢,

PDF for BY, misidentified as BO,
N
O G ) SRR A LRy

=1 d

coaree . +(1_f5.(1+f32wkg(m,,f,,g,i,g,,w,)j}

fs: signal fraction PDF for combinatorial Background
N: number of selected candidates

w;: weighting factor for trigger efficiencies
fg04: fraction of B9, events misidentified as BO, events

€ Use only 2012 data for the fit (£, =14.3 fb!); add 2011 data (4.9 fbl) later

€ Both the acceptance and the time and angular-dependent PDFs depend
on the transversity angles = must normalize them together

G. Eigen, SUSY 15 o]




N =3

BO.—J/y¢ Systematic Uncertainty

€ Background angular model = vary sideband mass regions
= account for mis-reconstructed B%,—J/yK™® correct angular shapes
= include B%,—J/yKn contamination and interference with B9 ,—J/yK™©

€ Tagging = uncertainty due to finite size of B%;—J/yK™© calibration sample
=> Precision of the tagging calibration (use alternate parameterizations)

€ Assumption about fit model = variation of the model tested in toy studies

€ Angular acceptance method and trigger efficiency

O Al I A (0)]  |A0(0)]7  |As(0)]” S, = S, — S
[rad] [ps N [ps 1 [rad] [rad] [rad]
Tagging 0.026 0.003 <103 <103 <103 0.001 0.238] 0.014 0.004
Acceptance <10° <1073 <103 0.003 <103 0.001 0.004  0.008 <103
Background angles model:
Choice of pt bins 0.02 0.006 0.003 0.003 <103 0.008 0.004  0.006 0.008
Choice of mass interval 0.008 0.001 0.001 <107 <103 0.002 0.021 0.005 0.003
BY) background model 0.008 <1073 <103 0.001 <107 0.008 | 0.007 <1073  0.005
Fit model:
Default fit 0.001 0.002 <103 0.002 <103 0.002 0.025  0.015 0.002
Mass Signal model 0.004 <107% <103 0.002 <103 0.001 0.015 _0017 <103
Mass Background model | <1073  0.002 <103 0.002 <1073 0.002 0.027 | 0.038 <103
Time Resolution model 0.003 <103 0.001 0.002 <103 0.002 0.057 0.011 0.001
Total 0.036 0.007 0.003 0.006 0.001 0.013 0.25 0.05 0.01

. Elgen, SUSY 15 10



€ Projections of the maximum-likelihood fit on the B% mass and the
proper decay time

€ No requirements on the B, lifetime

BO, proper decay time

N =3

BY. mass
x10°
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N =3

x10°
. . o I B L
£ " ATLAS Prelimi - Data i
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. - i plane, in the J/y
transversity angles - 1 | | Pest frame
10_*,"} .
321_;12 5
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€ Results for 8 TeV (14.3 fbl):
® ¢.--0.119:0.088,,,+0.036,  rad

® Ar=0.096:0.013,,,+0.007,, ps
® Correlation: (¢, AT,)=0.110

€ Results for 7 TeV (4.9 fb1):
® ¢.=0.12:0.25,+0.05, , rad
¢ AFS:O.O53tO.02lstrtO.OIOsys pst
® Correlation: (¢, AT,)=0.107

€ Combination of 2011 & 2012 results

¢=-0.094:0.082,,,+0.033 ; rad

® Statistical combination

® Best Linear Unbiased Estimate (BLUE)

of 7 TeV and 8 TeV results
=> Minimize the variance in the estimator

G. Eigen, SUSY 15
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€ 2012 & 2011 combined results agree well with the SM prediction and

with results of other experiments

€ SM results: ;" =-0.0363" 00" ra

FSM 0.087 = 0.021 ps™

€ Combination of ATLAS, CMS, LHCb, CDF & DO

yields (HFAG 2015)

¢ =-0.034+0.033 rad
AT, -~ 0.082+0.006 ps"

€ Precision is at the level T
of the central value 2,

i

CDF: PRL 109, 171802 (2012) q

DO: PRD 85, 032006 (2012)
ATLAS: PRD 90, 052007 (2014),
CMS: update for EPS 2015
LHCb: PRL 114, 041801 (2015)

G. Eigen, SUSY 15
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€ Simulate performance for run IT and
after the high-luminosity upgrade
® A new pixel layer (IBL) was installed

near the beam pipe = expect 30%
improvement in resolution wrt 2012

performance
® Pile-up will increase to 60 in run IT
and to 200 after the HL upgrade

SCT

® b cross section will be twice as large o
as for 7 TeV
— O'ZMC.)‘.T.(_.B.O.S.), - — -t
€ Extract proper & ol T oL ayeut, im0
decay Time © 0'14; .-. —=— |TK Layout, <u> =200
resolution vs p "E . ATLASsimuation
& #r'econs‘rr'uc’red PV 0.08¢ \ E
0.06 .
. 0.04 M
€ Resolution 0.02- .
improves by ~30% %16""26"30 40 50" 607080
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€ Assume di-muon thresholds of p{=6, p;*4=6 GeV for run IT
and p#*=11, p{*2=11 GeV for HL run

€ Validate model with 2011 data and check 2012 data

2011 2012 2015-17 2019-21 | 2023-30+
Detector current | current IBL IBL ITK
Average interactions per BX <u> 6-12 21 60 60 200
Luminosity, fb ! 4.9 20 100 250 3 000
Di-u trigger pt thresholds, GeV 4 - 4(6) 4-6 6-6 11-11 11-11 11-11
Signal events per fb ™! 4 400 4 320 3 280 460 460 330
Signal events 22000 | 86400 327 900 45500 | 114000 | 810 000
Total events in analysis 130 000 | 550 000 | 1874 000 | 284 000 | 758 000 | 6 461 000
MC o(¢s) (stat.), rad 0.25 0.12 0.054 0.10 0.064 0.022

€ Despite higher pile-up and higher muon p thresholds, the statistical
uncertainty on ¢, will improve to 0.054 rad in run IT and 0.022 rad for

HL running in 2030s

G. Eigen, SUSY 15
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Status of BO>u+w

and
measurement of f./f,

AAAAA : ArXiv:hep-ex/1507.08925

G. Eigen, SUSY 15



BY 4 —utu

mbfﬂﬁ

€ Flavor-changing neutral currents (FCNC) are forbidden in the SM at

tree level but are allowed at higher orders

b

€ The decays B, ,~u*u are highly suppressed:

W Ty
O N W N ——

A 'l)l

W 1
ANNANAN

| 0 - )= 9c . ~ B .
88 (8% )=(3.65+0.23)x10°9 € Bebeth et . Phys, Rev Leti™

+4
" n

® B, (B%—utu )=(1.06+0.09)x1010 ]

W

7 u

€ New physics contributions may modify branching fraction

€ Evidence from LHCb and CMS (combined result)
® B(Bos_’lfﬂ_):(z-810-7)"10'9 Nature, 522, 7554, 68 (2015)
® B(B%,—uru )=(3.9+1.6)x10 [ arXivi1411.4413 ]

=>consistent with SM prediction (some room for NP)

€ ATLAS analysis with full data set is ongoing

results for 2011 presented ATLAS-CONF-2013-076 b o

€ New result on ratio of fragmentation fraction f./f
6. Eigen SUSY 15
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€ The ratio f.//f, needs to be known to calculate the number of BO,
mesons produced in ATLAS: Np=L*0,°f,

€ Extract f./f, from ratio of yields in B%.—J/y¢ and B9, —J/yK™

measure PDG effucuency r'a’rlo (~0.8)

I B(B, —J ¢ B (P e + +U, + + m
d NBok( /W)J ( %KK) 083003( )OOI(f)OOI(ak)ggl( C)

-002% B7-000" M”-002

\ PDG X. Liu et al.,, PRD 89, 094010 (2014)
from theory ArXiv:hep-ph/1309.0313

€ Both decays are vector vector decays that have similar topologies and
similar angular distribution = many common uncertainties cancel

€ Use 2.47 fb!l of 2011 data that is sufficient as measurement is
systematics dominated

G. Eigen, SUSY 15 10




Analysis Strategy

€ Select 2 oppositely-charged muons with p+> 4 GeV from a common
vertex with x2/dof < 10

€ Select J/y events in similar 3 detector regions (BB, EB EE)
as in the time-dependent B°.—J/iy¢ analysis

€ Seclect ¢ candidates within =2 widths and K™ candidates within +1 width
P (K, TC) >0.8 GeV

€ Final selection for BY, (B°)) signal candidates
® p(B°, B°) > 8 GeV
® °/dof <2.4 (2.6) for 4 track vertex
® Transverse decay length L,.> 0.26 (0.30) mm
® Pointing angle a < 0.14 (0.12) rad

€ Backgrounds: direct J/y decays

inclusive bb—J/yX

combinatorial bb—J/yX

peaking (J/yhh’) (h,h' charged hadrons)

G. Eigen, SUSY 15
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€ Perform extended unbinned maximum
likelihood fit to my,,,,& My, spectra
to extract B —~J/ ¢ & BO ,—JT /K™
signal yields

€ Model:

® B0 —J/yp & B —~J/ K7 signal
with 3 Gaussians

® B’ —J/y¢ background with
exponential & Crystal Ball function

® B0 —~J/yyK™? background with
exponential & complementary error
function & CB function & Gaussian

€ Observe 6644+102,,,+219
J/y¢ signal candidates

€ Observe 36287:+324,,,+653,

J/yK signal candidates
G. Eigen, SUSY 15

sys

Signal f./f ,Measurement

Events / 0.01 GeV

Events / 0.01 GeV

N2 =3

T I L] T T I L] T L I T L] ¥ T I ] T
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12001 Residual bkg. i \s=7TeV —
1000 :_ Peaking bkg. =
8001 -
600 =
400 -
200}~ -

83 5.2 53 5.4 5.5 ‘5.6
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3000 =
2000}~ ]
10001~ 3
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N =3

B jej/wqb)

€ From the yields, measure f, (
f, BB =T / k™)

=0.1990.004 = O.OIOSYS

¢ yielding . _0240. 0004, =0013  =0017,  Total systematic error is 5.2%
d

€ ATLAS measurement is in good agreement with the LHCb results

€ Above 8 GeV, p; distribution is consistent with being uniform

T | T T T T T T T | T T LI | T T T T T T T kb 0.35
— ATLAS [ ] fs/f HFAG average  —

-

L] L] T 1 ] L ) T J l T T L LJ I T L LJ
ATLAS = ATLAS

‘ LHCb (hadronic decays)
247t \s=7TeV v CDF

| | | » LEP (HFAG average)
| || I||

||)4
Il

L} I 1 Ll L} T

o/

f

| ATLAS e a
\s=7TeV e 0.3

LHCb (hadronic decays)
\s =7 TeV

LHCb average 0.25

\s=7TeV

|
IR +
I |

| CDF : - |
\s = 1.96 TeV ' 0.2

LI L I | L I T | | L
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'
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Performance

in run II

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ Summer2015-13TeV
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NI =3

Tracking Performance

[ it distributions in IBL, pixel, SCT and TRT

@ osF | T T T e —T T T T T T T T T -
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g 08E 3L 04l -
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0 1 2 3 4 0 1 2 3 4 5 6 7 8 9

e TRT < H>z3 2 IBL Hits Pixel Hits

w T T T T L I L] I T L] T T “[ T T T T l T T T L]
g_...l_l_.‘.-[-.._éz- L oose Track Selecti -
8 0'5__- Loose Track Selection |~ 0-25[F [5‘);% rac ection
5 F IMc s ]
o L 4c [l e Data ’
c 0.4__ L] Data 4o 0.2 iR 7
o . 1= H i
— - 40 i .. -

—— © .
g ATLAS Preliminary 1§ ||  ATLAS ?"f/"m'”ary :
0.3_— \s =13 TeV ] 0.155* \s=13Te —:
0.2 4 oap -
0.1} - oosf- .
L - —0———1_'_\—0—"1*.- | 1 | L 1 o4 o+ 1 A- OT . — — — o

0 0 10 20 30 40 50

0 2 4 6 8 10 12 14 16 18

G. Eigen, SUSY 15 i SCT Hits S . TRTzl-Ligts



Nk =13

€ Observed difference in impact parameter resolution is due material in the
IBL not-accounted for in the simulation (mainly at low p+)

€ Additional misalignment effects

2 = T T T 13
@ " ATLAS Preliminary L:“;T:“ Selection S
= al
ke) 1E\s =13 TeV, Low- u data = |
S g [ Imc 3
§ -1 I 7
@ 10F E
102 1
103k at ]
104

ATLAS Preliminary

\s = 13 TeV, Low- u data ¢ Data

[ Imc
107"

Fraction of tracks

1072

Loose Track Selection
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Vertexing Performance

Vertex reconstruction requires >2 tracks

Apply scale factors to fitted vertex

resolution in data that are derived using
the split vertex method

Assume that tracks originate from single

intferaction (no beam spot constraint)

Xl,PV

- X 2 PV

pull

x= >
(TxLﬁf-Fcy

Scaled resolutions

2
x2,fit

are close to values

in simulation
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considerably
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h the IBL in place, the impact parameter resolution is improved
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€ Use 6.4 pb! pp collisions at 13 TeV

3 700

€ Perform unbinned maximum-likelihood E Zzz
fit o m,, and lifetime spectra 2 w00

A 8 300F

€ See no change in non-prompt J/vy 200
fraction between 7 and 13 TeV data .

€ Precision is high enough to observe differ'cances;J

J/y Performance at 13 TeV
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Conclusions

€ New ATLAS measurement of ¢.=-0.094:0.082,,,+0.033,  rad agrees
with the SM prediction and with the results of CMS, LHCb, CDF and DO

€ InrunlII, the uncertainty on ¢, will be reduced to ~0.054 rad and in
the HL run it will improve to ~0.022 rad

€ The ATLAS BY ;—u*u analysis is almost finalized
€ ATLAS has measured f./f;=0.240+0.004,,,+ 0.013, .+0.017,,

€ The ATLAS detector is performing well in run IT and is ready for
new CP violation (¢, ..) and rare B decay measurements
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€ Factorize the signal and background PDFs
f.;' (m/"T/'GTI.'Q/’w/) - P (m) : P (Q/"T/'wi'afi ) : P (GTI.

s

ORATRADRAARAY

S / S

b b

7, (mi’fi'o-f.'Q"wi)=P (m/).P (TI

€ P.(m,): 3 Gaussians
P, ,(0};): Gamma function
P, ,(pti): Gamma function
P.(w;): measured distributions for each of the 4 tagging categories
A(Q;, pt): 4-d binned acceptance model
P.(Q;, T;, w;, 04;): combined decay time and full angular distribution
P.(t;]s;;): Gaussian for prompt peak +2 positive & 1 negative exponentials
P,(RQ;): parameterize by Legendre polynomials
P.(m;): exponential plus constant

€ 70, accounts for (2.4+0.2)% misidentified B°,; PDF shapes from MC
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€ P,(Q,to;,m)is a joint PDF of decay time & i(’)(") (f)g(k) (HT,lp ,qu)

N =3

and transversity angles drdQ iq
k| 0P () 9" (01, ¢r, )
1 | 2]40(0)]? [(1 + cos ¢s) e Tt 4 (1 — cos ¢s) e~Ti't 4 9Tt sin(Amyt) sin ¢ 2 cos? Y (1 — sin® O cos? ¢r)
2 | 3|4(0)]% [(1 4+ cos ps) eIt 4 (1 — cos ¢s) e~Tit £ 2¢— Tt sin(Amt) sin ¢ sin? (1 — sin? O sin? )
3 %|Ai (0)]% | (1 — cos ¢,) e~ Tt + (1 + cos ¢y) e~ Tt T 2e Vst sin(Am,t) sin ¢, sin? 17 sin? 61
4 %|A0(0)||A£| (0)[ cos 9, % sin 217 sin® O sin 2¢7
(1 + cos ¢s) e Tt 4 (1 — cos ) e~Ti’t 4 9¢~ Tt sin(Amgt) sin ¢
5 | [4,(0)]]AL (0)|[%(e_r‘§j)t - e‘Fg)t) cos(6 — dy)) sin ¢ - sin? 7 sin 207 sin ¢
+e Vst (sin(6 — 6U) cos(Amgt) — cos(d1 — d)) cos ps sin(Am,t))]
6 | |Ao(0)||AL (0)|[%(6_P£S)t — e TH ") cos § sin ¢, % sin 217 sin 207 cos ¢
+e~1st(sind | cos(Am,t) — cosd | cos p, sin(Am,t))]
7 | 3|As(0)? [(1 — Cos Ps) eIt 4 (1 4 cos ¢s) e it T 2e Vet sin(Am,t) sin qbs] 2 (1 — sin® 67 cos? ¢r)
8 | [As(0)||A (O)|[%(6_F§j)t — e‘rg)t) sin(d) — dg) sin ¢, $\/6sin ¢r sin® 07 sin 27
e < (cos(d) — bs) cos(Amyt) — sin(d) — ds) cos ¢, sin(Amt))]
9 %|AS (0)[|AL(0)]sin(dL — ds) % 6 sin ?)7 sin 207 cos ¢
[(1 — cos ¢) e Tt 4 (1 4 cos ¢s) e~Ti't £ 2¢~Tst sin(Amt) sin qﬁs}
10 | |Ao (O)HAS(O)H%(G_Pg)t — e_Pis)t) sin dg sin ¢ 13 costpr (1 — sin® 67 cos® ¢r)
+e st (cos §s cos(Amt) + sin dg cos ¢, sin(Am,t))]
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€ Combine 2011 and 2012 results

10.094 0.083
€ Correlation of Fit Parameters AT, 0.082  0.011
T, 0.677  0.003
|A,(0)]2 0227 0.004
1A0)|2  0.515  0.004
|A0)|2 0.086 0.007
8 4.13 0.34
5, 3.16 0.13
5, -6 0.08  0.03
Ps I Uy || O | ] o) | ] s(OF | ¢ 8 | 8. —
s 1.000 | 0.110 | -0.097 | 0.043 0.030 0.046 | 0.093 | 0.034 | -0.001
T 1.000 | -0.421 | 0.104 0.139 0.051 | 0.021 | 0.012 | -0.011
T, 1.000 | -0.124 | -0.047 | 0.156 | -0.051 | -0.017 | 0.019
| 11(0)2 1.000 0.33 0.056 | 0.201 | 0.058 | -0.019
| 0(0)]? 1.000 0216 | -0.019 | 0.004 | 0.014
| s(0)]? 1.000 | -0.094 | -0.012 | 0.055
5 1.000 | 0235 | -0.014
ol 1.000 | 0.010
0, — O 1.000
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