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B -PHYSICS PROGRAM IN THE ATLAS EXPERIMENT

» ATLAS collected 139fb~* of pp » Typical B physics trigger:

collisions at /s = 13TeV in 2015-2018 low p, very low mass di-muon trigger
* B, B. etc. accessible at the LHC using Iinner tracker and muon detectors
« ~2.5 million bb pairs/sec produced » ~150-200 events with bb palrs/sec
— — ) recorded E -Aﬁ)\'s'ﬁr'a.raiaary";/”B' s 2015 -
| | - o SR, o 107 fLdt=321b" B0 WP )>4CeV. p(u)>4GeV —
"""""""""""""" ‘ = § Is=13 TeV B B )>6Gev.p(n)>4Gev E
g10° | s
S 53_,’! 1\1‘ Supporting dimuon trigger p(u)>4Gev,pT(2)>4GeV_E
wnd | o ) v

‘ Tile calorimeters

: LAr hadronic end-cap and 1 03 ot
forward calorimeters .
r

Pixel detecto

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker 3 4 5 6 7 8 9 1 O 1 1 1 2
Semiconductor tracker m(M-I-M_) [G eV]
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RELATIVE BF/B* PRODUCTION XSEC

* BT is a ‘double-heavy’ meson

(cb)
* Production gives insight on heavy-quark 9 "
hadronisation W*
+ Weak decays, here Bg e J/P
B — ] [ym® with ] /i — ptp” g g

e Bf o] /lpDS(*)Jr also measured in ATLAS
arXiv:1912.02672, sub. PRD
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RELATIVE BF/B* PRODUCTION XSEC

* Double differential measurement of relative production
xsec x B of BE, in 2 bins of py (B(J—Z,)) and |y (B(J—;))|
« Using similar decay modes 2V
0(BS) BB = ]/p(utu)mn®) N (BF) e(BY)
0(Bt) - B(Bt - J/Yp(utp~)KE) Nreco (BE) ¢(Bi)

.
b

Bs
p——————>&—FP

» ATLAS measurement of using 20.3 fb~! of pp collision
data at /s = 8TeV (2012)
« Di-muon trigger for J/y - u*u~

arxiv:1912.02672, sub. PRD
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RELATIVE B /BJr PRODUCTION XSEC
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J/\p

Complete dataset

(pr (B) > 13 GeV, |y(B)| < 2.3)

NTeco (BE)~400k
N'ec (BF)~800

. B(J—“C) candidates formed from vertex fit of u™u~+one track

 Background from partially reco. b-hadron decays, BT — | /yr™

» Fiducial volume: p (B(J—“C)) > 13 GeV and |y (B(J—“C))| < 2.3

+ Extract N (Bf,) in fit to m(B{,) in two bins of py and |y
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RELATIVE BF/B*

ATLAS.
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Analysis bin

o(B)/o(BY) x B(BS — J/yr™)/B(B* — J/yK™)

pr(B) > 13 GeV, |y(B)| < 2.3

0.34 + 0-0451;&1: -I—_ggg syst + O'Ollifetime %
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)
(B)| < 2.3
pr(B) > 22 GeV, |y(B)| < 2.3
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PRODUCTION XSEC

No evident dependence on

rapidity |y(B)]

Results suggest that o(BX)
decreases faster with p+ than

o(B¥)

Complementary/compatible to
CMS results (overlap In

fiducial volume) and

LHCDb results (different fiducial

volume)
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Run: 302137
Event: 1093131714
20106—-006-16 01:48:30 CEST
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RARE DECAYS B - utu= ANDBY - utu~

« FCNC In the SM via loop and
box diagrams

» Helicity- and CKM-suppressed
* B> ptumatB~107"" (Vig, Vip)
* By ->putpumatB~10"" (Vi Vip)

 Enhancements might arise

from BSM contributions
» Deviations from predicted B?

ATLAS Results with Beauty Mesons

Example BY —» utu~
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BRANCHING FRACTIONS OF B?S) - uTu”

> B =

“r S 20~ — Double Gaussian fit Vs =13 TeV, 26.3 ! — & 80000 B Y B Jy K- —

P :B i s B> urwMC . i E 70000 — Partially recon- _i

£ = _ —— Double Gaussian fit Slgnal ] C 60000 Reference Str“‘fted decays =

P o) 0 G>) Non-resonant bkg. =

AT 191~ B(S) - Uu 7] 0 50000 BT —>]/1/)K+ e B g T =

i _ 40000 —=

4 10 ] 30000 —

o © I 20000 —

 Beay 10000E-  —— =t E
P o P 5L - (B -

S ’ | | | | | | ik

- | @ 2h |++ ++++++H+++ +++ ++++;

91800 5000 5200 5400 5600 5800 :i—_ | + | | | + | ¢ +, ]

' ' ' 5000 5100 5200 5300 5400 5500 5600

Dimuon invariant mass [MeV] My K [MeV]

 ATLAS measurement of ‘B(B?S) - utu™) using 26.3 fb~! of pp collision data at

Js = 13 TeV (2015+2016)
* Using di-muon trigger
 Simultaneous fit of B(B° » u*u~) and B(B) -» u*tu™)
« Measurement relative to reference channel B™ - J/y(uu) K™
» Separate signal from background using boosted decision tree (BDT) JHEP 04(2019) 098
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https://link.springer.com/article/10.1007/JHEP04(2019)098

BRANCHING FRACTIONS OF BY) — u*u~

JHEP 04(2019) 098

» Partially reconstructed » Peaking background: » Continuum background:

b—hadron decays B?S) decays to m and K combinatorial background
mOStIy at lower di- which are mis-identified from U of uncorrelated
muon mass as u hadron decays;
reduced with BDT
> S L L L > = I L B L L L LI AL B w 10— T T T T s
2 L ATLASSimulation i 2 |, gf ATLASSimulation E S gL BowwNC ATLAS o
Q = Vs = 13 TeV, 26.3 fb” b s 1 1 X - Q = Vs =13 TeV, 26.3 fo” - @ —ggtgti;:i?gggb'\ggds Is=13TeV,26.3f0" =
@ R avs @ 0'7;_ — Total B > h h' = § 10° ° E
L%, (7 S m_lef)to decay _ L%, 0.62— E<Blinded region>i e B0 K —; LL 105%_ _§
0'55_ E E — B - K'K = 10* E .L:L_ =
i 0-4§— ........ B s mw 103E '1‘.1. —%
108 3 0'35_ o B - mK* 1025? L'L] é
_ : N3 = : E 3 A
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BRANCHING FRACTIONS OF B(S) — ,Ll ,Ll \]HEP()4(2()19)I()98
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https://link.springer.com/article/10.1007/JHEP04(2019)098

BRANCHING FRACTIONS OF B,y — utu~

B(B” — ut ) [107]

ATLAS —— 2015-2016 data

Run 1 + 2015-2016 data

St L Likelihood contours for
...... 2 Aln(L)=2.3,6.2,11.8

.
o
‘\‘
*

I ~-... Deviation from :
. ~a,, e, '..\'.‘\SM: 2-46

ATLAS Results with Beauty Mesons

Standard Model JHEP 10(2019)232
B(BY - uu) = (3.66 + 0.14) x 1077
B(B® - up) = (1.03 + 0.05) x 10710

Run 2
B(Bs — pup) = (3.2%15) X 1077
B(B® - up) < 4.3 x 10710 at95% CL

Run 1 + Run 2 (2015-2016)
B(BSQ — ,u,u) — (28i8{73) X 1077 Significance: 4.60

B(B® - up) < 2.1 x 10710 at95% CL
JHEP 04(2019) 098
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BRANCHING FRACTIONS OF B,y — utu~

06 ATLAS CMS LHCDb - Summer 2020 0.6 ATLAS CMS LHCb Summer 2020
T - i I Prehmlnall‘yl RS ATL AS | - S T - | Prehmmary o .
% 0.5F 7 {{’/ 2011 - 2016 data -.CMS — % 0.5F _ 2011 - 2016 data =
T F TngmE =--=-=--:.-:.:~;;....\ --.LHCb  : T F T :
= 04F > — Combined = ]
3‘ ? . - 3‘ E
T 03F T -
3 ok % :
Q - o . ] Deviation from
0.1 41 SM: 210
0 5
BB, — wtu) (107) BB, — pu) (107)
Combination ATLAS, CMS, LHCb for Run 1 + Run 2 ((2015 +) 2016)
(latest LHCDb results not included)
0 +0.37 -9
B(Bs — pup) = (2.69Z535) X 10
B(B® - uu) < 1.9 x 10710 at95% CL
BPH 20 003
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http://cds.cern.ch/record/2727216/files/BPH-20-003-pas.pdf

BRANCHING FRACTIONS OF B(S) - Ut

S O T ATLaS Smuiaton preimmary | e
E 1. 6:_ By — Wi — Neyman contours
If‘- 14;— Eggﬁaﬁac}ci)srﬂgirs _;
T 12 .. FullRun2-
n 1 ., prediction 3 :
=3 1 Extrapolation of Run 1 results to full Run 2 and HL-LHC
0.6/ 41+ Increase in luminosity from 25 fb~! to 130 fb~%/3 ab™1
o . > 3 < Increasein+/s from 7/8TeV to 13TeV
it Aunohnand o Adaptions for detector performance and trigger efficiencies
B( Bgﬁkﬁu_)["og] In HL'LHC
060+ Conservative: 2MU10  trigger X15 Run 1 statistics
2 sf. ATLAS Simuaion Prfminary HL-LHC 3« Intermediate: MUG6MU10 trigger ~ x60 Run 1 statistics
-’+;‘_ 04§ working point x80 Run statistics _p;gg*;ggm 1+ High yield: 2MUG trigger  x75 Run 1 statistics
=. i — stat onl S
OT 0.3; —— SM prezlnliction _f . B(Bg — M+H_) B(BD — M+Ju_)
% 0_25_ E Uncertainty on B stat [10719]  stat + syst [1071°] stat [1071°] stat + syst [10719]
N3 E Run 2 7.0 3.3 1.42 1.43
| - . HL-LHC: Conservative 3.2 5.5 0.53 0.54
’E Intermediate: | : HL-LHC: Intermediate 1.9 4.7 0.30 0.31
~01E %\ES.UW'“% M.U6.'\1U.1.O.t.”i’ger. - HL-LHC: High-yield 1.8 16 0.27 0.28
B(BJ — ) [10°] ATL PHYS PUB 2018-005
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CP Violation
IN

BS - ] /¢

] e U

-
YATLAS - -

Event: 1942573294
E X P E R I M E N T 2017-08-16 07:27:32 CEST
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CP VIOLATION IN BO - J/p(utu )b (KK ™)

* CP violating phase ¢. Is weak phase C
difference between B? — B? mixing £
amplitude and b - cc‘s3 decay amplitude \ // \f

— +1. =
>M = —36.5713 mrad . B, % )

» ATLAS measurement of ¢, and Al in ’.Pﬁﬁw [

BY - ] /¢ using 80.5 fb~1 (2015-2017) * Jm\ F
AN

* Di-muon triggers for J /Y - u*u~ \

* Opposite side flavour tagging

* Time-dependent angular analysis ArXiv:2001.07115. ace. EPJC
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CP VIOLATION IN B - J /w(u* DPETK)

T
= 2505 ATLAS _ e Data
g 3005
Opposite-side tagging 5 290
— : : O 200F
* bb pair production: B
ldentify flavour of signal B candidate 100F
from other b-hadron = :
« Tag charge from leptons/jets with 5 51 52 53 '5-4"(";5K5') [G '5]-6
. m(J/y e
tracks In 2one of AR < 0.5 Tag method %] D791 T T9%]
xRl (pp)F Tightmuon | 4.50=0.01 | 43.8=0.2 | 0.862 £ 0.009
Q = Zz_vt,,k iy Electron 1574001 | 41.820.2 | 0.274 + 0.004
| T T N N Low-py muon | 3.12+0.01 | 29.9+0.2 | 0.278 + 0.006
» Calibration channel B* — J /i K+ Jet 12.04+0.02 | 16.6+0.1 | 0.334 +0.006
Total 21.23+0.03 | 28.7+0.1 | 1.75 +0.01

arxXiv:2001.07115, acc. EPJC
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CP VIOLATION IN BO - J/p(utu )b (KK ™)

Time-dependent angular analysis

* B o J/p¢:]" =07 17+ 17

 CP-odd (L=1) and CP-even (L=0,2) states In final state can be distinguished In
time-dependent angular analysis

» Interference from non-resonant B - J /Y KTK~
» Unbinned maximum likelihood fit for B mass, decay time and decay angles

4

\q)T

>
X

arxXiv:2001.07115, acc. EPJC
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CP VIOLATION IN BY = J /(u*p")p(K*K ™)
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£ geE 10x Bj» JwK® 3 E 10° = : Pac grto;n E
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— . — .i . n
305 - W 1 arXiv:2001.0/7115, acc. EPJC
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CP VIOLATION IN B - J /w(u* )¢(K+K )

ATLAS Run1 7 and 8 TeV 19. 2 flo -

A TLAS

"o "o
Qo Q.
g 0121 ‘{Eo 7,8,13TeV. - 13 TeV, 80.5 fb” L ra‘” 012__CI\/IS,J/y/K+K,116.1 fo! \s=7,8,and 13 TeV |
68% CL contours — Comblngd .19.2 + 80.51fb 68% CL contours
- —— SM prediction | _ _
0.1+ P "'-\ . 0.1 |
| - LHCb, J/wK'K ", 4.9 b «—SM
008k “ , ] 008l LHCb, all channels, 4.9 fb™ )
0.06 . 0.06 ATLAS, J/wK'K~,99.7 fb’ 7
. | L ttieen..- | . . . | . _ _ . | . . . | . . . | _
-0.2 0 0.2 -0.2 0 0.2
¢ [rad] ¢_[rad|
. . —1 _
Results combined with Run 1 (19.2 4+ 80.5fb™*) ¢s = -0.087 £0.036 (stat.) +0.021 (syst.) rad
ATy = 0.0657 +0.0043 (stat.) + 0.0037 (syst.) ps~*
[, = 0.6703 +0.0014 (stat.) + 0.0018 (syst.) ps~

» Consistent with SM predictions
* Measurement of decay width Iy at 13TeV deviates by ~30  vi,:2001.07115. acc. EPJIC
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SUMMARY
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ATLAS has a rich B-physics program

» Relative BX/B* production xsec x B (2012 data)
ranching fractions of By, — u*u~ (2015-2016 data)

B
 CP violating phase ¢, in BY— | /¢ (2015-2017)
Results consistent with SM predictions

F)
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recision will improve with full Run 2 dataset and future data
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RELATIVE BF/B* PRODUCTION XSEC

N (B() are corrected for trigger, reconstruction and selection efficiencies

. 2 .
€ = Etrlgger _ EMS(M+) _ EMS(/U_) _ (EID(Mi)) _ EID(Xh) _ EverteX(B) _ Eselectlon(B)f

Analysis bin Efficiency ratio 6(BY)/o(BY)

Efficiency ratios excluding minimal

| . calection pr(B) > 13 GeV,|y(B)| < 2.3 1.7540.03
selection criteria ¢ 13 < pr (B) < 22 GeV,|y(B)| < 2.3 2.194+0.05
pr (B) > 22 GeV,|y(B)| < 2.3 1.2240.03
pr (B) > 13 GeV,|y(B)| < 0.75 1.7440.05
pr (B) > 13 GeV,0.75 < |y(B)| < 2.3 1.764+0.04
C . d Analysis bin Correction to the BEi Correction to the B~ Ratio of the corrections
OrreCtIOnS ue tO pt(B) > 13 GeV, |y(B)| < 2.3 0.0969 4 0.0004 £+ 0.0024 | 0.0929 + 0.0004 + 0.0022 0.959 4 0.006 4= 0.024
= = - - - 13 < pr(B) <22 GeV, |y(B)| < 2.3 0.0829 4 0.0004 + 0.0031 0.0826 + 0.0004 £ 0.0029 0.996 + 0.007 4 0.039
m I n I mal SeleCtIOn Crlterla pT(B)TT‘ﬂ 22 GeV, |y(B)| < 2.3 0.2164 £+ 0.0014 £+ 0.0018 | 0.2213 £ 0.0013 4= 0.0017 1.023 = 0.009 4= 0.009
pt(B) > 13 GeV, |y(B)| < 0.75 0.0984 + 0.0007 = 0.0033 | 0.0996 4 0.0007 4= 0.0035 1.012 = 0.010 4= 0.035
pr(B) > 13 GeV, 0.75 < |y(B)| < 2.3 | 0.0952 + 0.0005 £+ 0.0014 | 0.0859 4+ 0.0005 4+ 0.0016 0.902 4 0.007 4= 0.014

arxiv:1912.02672, sub. PRD
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BRANCHING FRACTIONS OF BY,y - utu~

Measurement of ‘B(B&) — u*u~) relative to reference channel B™ - J/y(uu) K™

_ Ng 3 Skt
B(BY) »> utu™) = —2[B(B* = J/p K*) - BU /1p - pt )] Zo—
Eut - N; rwr+ facs)
. ff” is ratio of hadronisation probabilities of a b-quark into B™ and B?s)
d(s)

JHEP 04(2019) 098
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Expected systematic

uncertainties on B(By) — )

BRANCHING FRACTIONS OF BY,y - utu~

Uncertainties on R,

Source BY [%] B [%]
f s/ f d 5.1 -
BT yield 4.8 4.8
R, 4.1 4.1
BBT > J/WK)YXB(J/W — u"u) 2.9 2.9
Fit systematic uncertainties 8.7 635
Stat. uncertainty (from likelihood est.) 27 150

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

ATLAS Results with Beauty Mesons
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BRANCHING FRACTIONS OF B,y — utpu~

16 ATLAS CMS LHCD - Summer 2020 ) ATLAS CMS LHCb Summer 2020
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1 0 0.1 0.2 0.3 0.4
BB, — pu) (10°7) B(B® — prur) (107)

Combination ATLAS, CMS, LHCb for Run 1 + Run 2 ((2015 +) 2016)

B(Bg - pp) = (2.69%538) x 1077
B(B° - up) < 1.9 x 10719 at 95% CL
BPH 20 003
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BRANCHING FRACTIONS OF BY, - utu~

Extrapolation of Run 1 results to HL-LHC

* Conservative: 2MU10 trigger X15 Run 1 statistics
* Intermediate. MU6MU10 trigger x60 Run 1 statistics
 Highyield: 2MUG trigger X75 Run 1 statistics
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CP VIOLATION IN BO - J/p(utu )b (KK ™)
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CP VIOLATION IN BO - J/p(utu )b (KK ™)

s AT’ I [AJO)1* 1A [As(O)]* 61 S| 61— 0s
SU m mary Of (1073 rad] [107° ps™'] [103 ps~!'1 [1073]  [1073]  [107°] [107° rad] [107° rad] [107 rad]
. Tagging 19 0.4 0.3 0.2 0.2 1.1 17 19 2.3
SySte m a-tl C ID alignment 0.8 0.2 0.5 < 0.1 < 0.1 < 0.1 11 7.2 < 0.1
. . Acceptance 0.5 0.3 < 0.1 1.0 0.9 2.9 37 64 8.6
uncertainties Time efficiency 0.2 0.2 0.5 <01 <01 0.1 3.0 5.7 0.5
Best candidate selection 0.4 1.6 1.3 0.1 1.0 0.5 2.3 7.0 7.4
Background angles model.:
Choice of fit function 2.5 < 0.1 0.3 1.1 < 0.1 0.6 12 0.9 1.1
Choice of pr bins 1.3 0.5 < 0.1 0.4 0.5 1.2 1.5 7.2 1.0
Choice of mass window 9.3 3.3 < 0.1 0.4 0.8 0.4 17 8.6 1.8
Choice of sidebands intervals 0.4 0.1 0.1 0.3 0.3 1.3 4.4 7.4 2.3
Dedicated backgrounds:
Bﬂ, 2.6 1.1 < 0.1 0.2 3.1 1.5 10 23 2.1
Ap 1.6 0.3 0.2 0.5 1.2 1.8 14 30 0.8
Alternate Am 1.0 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 15 4.0 < 0.1
Fit model:
Time res. sig frac 1.4 1.1 0.5 0.5 0.6 0.8 12 30 0.4
Time res. pr bins 0.7 0.5 0.8 0.1 0.1 0.1 2.2 14 0.7
S-wave phase 0.3 < 0.1 < 0.1 < 0.1 < 0.1 0.2 8.0 15 37
Fit bias 5.7 1.3 1.2 1.3 0.4 1.1 3.3 19 0.3
Total 22 4.3 2.2 2.3 3.8 4.6 55 88 39

arxXiv:2001.07115, acc. EPJC
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CP VIOLATION IN BO - J/p(utu )b (KK ™)

Approximate symmetry in signal pdf gives 2 minima for the strong phases (6;,4,) In the fit

No significant difference in ¢, and AT, for the two solutions

3.4

3.2

2.8

ATLAS

Vs =13 TeV, 80.5fb™

Solution (a)

.
-
e, o

-----

-t
-------

s mrmrmTEIE L L,
. '
-----

. -
- ‘-

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

— 2A1In(L) = 2.30
- -2AIn(L) = 6.18
.. -2AIn(L) = 11.83

-

" .=~ Solution (b)

~ .
- -
Sea - -t
-y -—-- .
. mmmmemmmm s ==

3.2 3.4 3.6
SJ_[rad]

ATLAS Results with Beauty Mesons

Solution (a) Solution (b)
Parameter Value Statistical | Systematic Value Statistical | Systematic
uncertainty | uncertainty uncertainty | uncertainty
¢, [rad] —0.087 0.036 0.021 —0.087 0.036 0.021
Al [ps‘l] 0.0657 0.0043 0.0037 0.0657 0.0043 0.0037
I [ps™!] 0.6703 0.0014 0.0018 0.6704 0.0014 0.0018
[A)(0)? 0.2220 | 0.0017 0.0021 0.2218 | 0.0017 0.0021
|Ap(0)]? 0.5152 0.0012 0.0034 0.5152 0.0012 0.0034
|Ag 2 0.0343 0.0031 0.0045 0.0348 0.0031 0.0045
d, [rad] 3.22 0.10 0.05 3.03 0.10 0.05
5 [rad] 3.36 0.05 0.09 2.95 0.05 0.09
0, —0g [rad] -0.24 0.05 0.04 —0.24 0.05 0.04
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