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B physics at ATLAS

B physics in ATLAS

- ATLAS Prelimiﬂary
- Data 2018 low-m ¢ J/y
Vs =13 TeV
= 58.451b

11 GeV, Pl > 6 GeV
6 GeV, p (i) > 6 GeV

o ATLAS has collected 25 fb* of data
In Run 1, and 139 fb? in Run 2
o Has access to B, B, B, /\,, etc. M
 Focus mostly on final states with muons ~ 10°¢ |
» Typical trigger: di-muons with B
pr thresholds at 4, 6 and 11 GeV 0" |
» In 2018, a di-electron high-level trigger
Implemented and being analysed now
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o Rare and semi-rare decays: state of the art at ATLAS
» B to K*uu angular analysis in Run 1 [JHEP 10 (2018) 047]
5 B to pyu in 2015-2016 Run 2 [JHEP 04 (2019) 098]
® LHC combination B, to pp for Summer 2020, partial Run 2
[ATLAS-CONF-2020-049]

o CP Violation in B; system: most recent result at ATLAS

» CP violating phase @.in B’ — J/Q@ angular analysis
In 2015-2017 Run 2 [Eur. Phys. J. C 81 (2021) 342]
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B physics at ATLAS

CP violation in the SM and NP:

1= 2

__ UTﬁt y
[ summenr21 K
o 1_— Amd
o B(S? systems are giving us a rather ' am,
precise picture 08 ’
> However there is some space for NP ook /
o . 3 6f y
o Could appear as new contributions in AF=2 A 1A
loop processes o.4§ 4 >
_ 2005, pSM 210} . |
A=C,e""Ale oof // Vo
ANP N / Ven
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B physics at ATLAS

Flavour Changing Neutral Currents: b to sli

There are a lot of measurements b W= S
that can test b to sll transitions:

+ - + o
Branching ratios, B~ "7, B—> K77,

Angular analyses B — K*¢*¢~,B, —» ¢,
SM symmetry tests Ab > p K—f-}-z/ﬂ—’

Suppressed: with branching ratios from 10° down
hence new physics effects can enhance their rates
Clean: varying levels of cleaness

@ Semileptonic b — spup S
Increasing ® icB — b
precision of the = Leptonlc = P
SM prediction . .
@ Lepton universality Al

Weak effective theory: B
four-fermion interaction with effective couplings: L
Wilson coefficients C; = CM + CNP
Main SM contributions:
: — %
Vector (Cy) and Axial-vector (Cyp) H eff — > thV 2 ClOi
i

leptonic currents
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Angular analysis on B = K*uu

Runl result:
JHEP 10 (2018) 047, arXiv:1805.04000
HL-LHC prospects:
ATL-PHYS-PUB-2019-003




B physics at ATLAS

Angu|ar analysis onhB o K*UU JHEP 10 (2018) 047, arXiv:1805.04000

_ angular distribution of the 4 particles in the final state sensitive to
new physics for the interference of NP and SM diagrams
» allows measuring a large set of angular parameters

sensitive to Wilson coefficients C®_, C , C)_ CO_
" ,

u

. SO

_ decay described by three angles (6., 64, ¢) and the di-muon mass

squared ¢g? — the angular distribution is analysed in finite bins
of g% as a function of 6., 6, and ¢.
2 LHCD reports a 3.4 deviation from the SM. élr_IXEi\I/D:10521 (22_812221 o

10’

q q

Marcella Bona (QMUL) 6



B physics at ATLAS

Angu|ar analysis onB o K*uu JHEP 10 (2018) 047, arXiv:1805.04000

_ BY flavour eigenstate can be identified through the K- - K~ 1" decay
_ angular distribution given by:

| d*‘r 9 [3(1=Fr) . 4 2 1-Fp . 4

= sin“@g + Fr cos“ g + —— sin“ Ok cos 260

dI'/dq? d cos O¢d cos O dpdg? 32n 4 sl - 4 - .
-Fy cos? Ok cos20¢ + 83 sin’ Ok sin® B¢ cos 2¢ + S48in 20 sin 20¢ cos ¢
+S5 sin 20k sin B¢ cos ¢ + S sin O cos @,

+87 sin 20k sin B sin ¢ + Sg sin 20 sin 264 sin ¢

+So sin’ Ok sin® B¢ sin2¢ |.

U the S parameters are translated into the PO parameters via

255 ,
Py = 1 - F, Pissses =

Sj=4,5,7,8
VFL(1 - Fp)

J the PO parameters are expected to have a reduced dependence
on the hadronic form factors.

J ATLAS needs to fold the angular distribution
via trigonometric relations to reduce the number of free parameters

_J Measurement in 6 (overlapping) bins of g2 in the range [0.04, 6] GeV?
— 4 sets of fits for three parameters (F, _, S, and S with j=4,5,7,8)
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B physics at ATLAS

K*up angular analysis

o Data collected in 2012 at 8 TeV with 20.3 fb* Run 1 data
U Selection of triggers with muon p+ thresholds starting at 4 GeV
U 787 events selected with g? < 6 GeV?
o Extended unbinned maximum likelihood fits in each of the fit variants
In each g2 bin: first fit of the invariant mass distributions and
then fit of angular distributions
to extract F, and S(P) parameters™
» Results compatible with predictions 1.5
U Deviations of about 2.50 (2.70) from
DHMV in P'4(P's) in [4,6] GeV?

JHEP 10 (2018) 047, arXiv:1805.04000

N AL L LA I
Vs =8 TeV, 20.3 fb'—
-$- ATLAS CFFMPSYV fit

e
2— ATLAS

q* [GeV?]

P,

- LHCb theory DHMV
—4- CMS theory JC
—— Belle
0.5
v
Ps 0 - P’s

[0.04,2.0] 0.31 £0.40+0.20
[2.0,4.0] | =0.76 £ 0.31 £ 0.21
(4.0, 6.0] 0.64 £0.33 £0.18

0.67 £0.26 £ 0.16
-0.33+0.31+0.13 -0.5
0.26 £+ 0.35+0.18

[0.04,4.0] | —0.30 £ 0.24 + 0.17
[1.1,6.0] 0.05+0.22+0.14
[0.04, 6.0] 0.05+0.20+0.14

0.32+£0.21 £0.11 |
0.01 £0.21 £0.08 10
0.27 £ 0.19 = 0.06 9 [GeV2]

O
N
A-
(o)}
oo

OPE and LHCb data fit: CFFMPSV: Ciuchini et al.; JHEP 06 (2016) 116.
QCD factorisation: DMVH: Decotes-Genon et al.; JHEP 12 (2014) 125.
JC: Jager-Camalich; Phys. Rev. D93 (2016) 014028.
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ATLAS rare B decays B — p'w

Runl result:
EPJ C76 (2016) 513, arXiv:1604.04263

Run?2 result on 2015-2016 data:
JHEP 04 (2019) 098, arXiv:1812.03017

L HC combination:
ATLAS-CONF-2020-049

HL-LHC prospects:
ATL-PHYS-PUB-2018-005

Bl = ptu~




B physics at ATLAS

B

Motivations and Predictions Lo
J Decays of B° and B’s into two leptons have to proceed \Q/
through Flavour Changing Neutral Currents (FCNC)

— forbidden at tree level in the SM B@® o @B
2 In addition, they are CKM and helicity suppressed.
o Depends on a single term in the effective Hamiltonian: C,,

2 Within the SM, they can be calculated with small NN
theoretical uncertainties of order 6-8% @ | e () 1 o
meson Lepton type

type € M T

B (2.48 £0.21)107'% (1.06 4+0.09)1071° (2.22 + 0.19)10°8 PRL 112 (2014) 101801
B° (8.54 +0.55)10"1 (3.65 & 0.23)10~° (7.73 £ 0.49)10~7

- Latest predictions: 3(B? — utu~) = (3.66+0.14) x 107  JHEP10(2019)232
BB — putp~) = (1.0340.05) x 10710

o Perfect ground for indirect new physics searches:
o virtual new particles

. = ~0
can contribute b LAY TR W I-
to the loop I P <. ZH°h° .
,C,U Vv )
s(d) s(d) "'W', 70 I+

w-i°
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@ JHEP 04 (2019) 098, arXiv:1812.03017

TLAS rare B decays B) — p'p

EXPERIMENT

Run: 302137
Event: 1093131714
2016-06—-16 01:48:30 CEST
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B physics at ATLAS

ATLAS analysis on 2015-2016 Run 2 data

®» 36.2 fb* dataset of 2015-2016 data taking: JHEP 04 (2019) 098
® Effectively 26.3 fb! for B - ppu arxiv:1812.03017

® Trigger: higher thresholds [4-6 GeV] than in Runl,
® Lxy > 0 request at trigger level

N 5
B(BY, - putp™) =[—4L| | Ikt || fu
( gy Tt ) “ptu XNJ/¢K+ ><fd(S)

x|[B(BT = J/$KT) x B(J/¢ = ptu)]

» correction for the different hadronisation probabilities for B% and B° vs B*
Y include the B* and Jhp branching fractions % ol ATLAS A T
® correction for the efficiencies g soor e

of the two channels g oo

----- B*— J/y K

— Partially recon-
structed decays

===== Non-resonant bkg.
moim B's Jly

I‘I!II|IIII|IIII|IIII|IIII|IIIII\III|IIII|I

Normalisation B yield extraction Mo A A

® unbinned maximum likelihood fit of
the invariant mass my,x - My

Pull

4
I EUE N LI FUTE S L B N
b e t Ty K fE
475000 5100 5200 5300 5400 5500 5600

m,, k- [MeV]
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B physics at ATLAS

Backgrounds and control samples

® combinatorial background: y’s from other b quarks
® BDT classifier with 15 variables
® partially reconstructed B decays:
® Same Vertex (SV): B - puX decays
® Same Side (SS): b - cpyv - s(d)ppvv
® B, decays: like B; — Jhp pv

peaking-background events: 2.7+£1.3

0.2

o E
S .18~ BiowwMC
; E —— Continuum bkg MC
< 0.16--- B.MC
o = b— p*uw XMC
EJ 0'14: ------ Semi-leptonic B?s) MC
e Q.12
S E
= 01
® C
r 0.08

0.06

0.04F

0.02~

——

LI B

b
ATLAS Simulation =

o N
s B

-1 -08 06 04 02 0 02 04 06

® semileptonic B and Bs decays: p and charged hadron oo

® peaking background from hadronic B, decays: £ os 452, F

® B decays to two hadrons h (K/x): B%s) — hh' 2 2;_ L —meean

Tight muon-ID against hadron misiD 042 SERIN

® negligible misidentification of protons (< 0.01%) o= TR

® misidentification is 0.08% (0.10%) for K (T1). I s T
4800 5000 5200 5400 5600 5800

Mass of two misidentified muons [MeV]

Efficiency ratio g,./¢,/«

® from MC and systematic from
data-MC discrepancies
® For B%: 2.7% correction for lifetime

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

difference of the B mass eigenstates

JHEP 04 (2019) 098, arXiv:1812.03017
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B physics at ATLAS

Signq| yield extraction JHEP 04 (2019) 098, arXiv:1812.03017

. . . . i 18__1 T I I AL S I -
® unbinned maximum likelihood fit to the ATLAS + aotsavieaa
dimuon mass simultaneously in 4 BDT bins

(s=13TeV, 26.3 fb™ — Total it ]
0.4163 < BDT <=1 — - Continuum background —|
® 18% signal efficiency each bin
® signals, B to hh: 3 double Gaussians
® continuum: first order polynomial
® partially reconstructed B: exponential
® semi-leptonic: exponential

16
144
12)
107\

Events / 40 MeV

-------- Peaking background
e Bg - utp o+ B’ > pru

07L_.I V'_-_——’ i m

desmbasmiionmla e IR B W e e T
4800 5000 5200 5400 5600 5800

Run 2 resuuls and Comblnqtlons Wlnl-h Run 'I Dimuon invariant mass [MeV]

N A OO
TTTT T T T T TTT]TT

02
B(BS —pt )y ={(32120 07 1a0) X107 = [3.277 ) 107

BB - putu) <43 x 1071 @ 95% CL

Olllhl

® yields unconstrained: g 12F 4 4 Run 1 data E
®Ns=80+22andNg=-12+20 = 1 — E0SENS chE =

3 - Run 1 +2015-2016 data .

- eXpeCted from the SM T 08:_ ................. Likelihood contours for B

® Ns=91 +and Ny =10 2 0.6:.“-'“.-?:? ..................... - 2AIN(L)=23,62,118 7

o . X :

Neyman Contours for Run 2: 4Bt E

-0.2

Run 1 + Run 2 (2015+2016):

_ _ B(B° +7) = (2.819-8) % 1072 ) [1077]
Compatible with SM at 2.40 Bs = pwp) ( —0-7)

BB’ - utp) <21 x 10710
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B physics at ATLAS

LHC combination from Summer 2020 ATLAS-CONF-2020-049

® Combination from binned two-dimensional profile likelihoods
® Independent systematics, except for ratio of fragmentation fractions f/fs,

® f /fs profiled separately and its uncertainty included in one likelihood.
Latest LHCDb result not included

B(BY — ) = (2.697537) x 107

BB = utp™) < 1.9x107* at 95% CL.

6c ATLAS CMS LHCb Summer 2020 CMS, LHCb - Summer 2020
T T T 1

| Prehmmary

2011 - 2016 data

I Prehmlnary I
2011 - 2016 data

N 1
—
Q
8
3
v |
Z

—2AInL
=

0.5

0.4

0.3

I|IIIIIIIIIIIlIlIIIIIlIIIIII
o bovs bva bvnabvnabvaabos

B(B" — wrw) (107)

0.2
[ps]

TB‘.) — uu

— 191743 ps

0.1

| 5
BB, — pu) (107)

(U
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CP violation parameters from
time-dependent angular analysis
on B, = J/y¢

Runl result:
JHEP 08 (2016) 147, arXiv:1601.03297
Run?2 result with 2015-2017 data:
Eur. Phys. J. C 81 (2021) 342, arXiv:2001.07115
HL-LHC prospects: :
ATL-PHYS-PUB-2018-041




B physics at ATLAS

Time-dependent angular analysis of B, = J/y¢

® Golden mode: penguin diagrams can contribute to the decay either
with the same weak phase (A?) or they are CKM suppressed (M%)

® Parameters of the B, system:
2 Mixing —» Decay width difference Al =T, — g
Al, =0.087 £ 0.021 ps? in the SM [arXiv:1102.4274]

1.c.t y;
s 5> (i . ;) < s > ol 2
we c K
~ ¥
L~ o A+ <
S b et < ") b < e r
t,c.u . .
Direct decay amplitude

Decay amplitude with mixing

o CPV phase ¢; -~ weak phase between mixing and b - ccs decay

Ps = _2[35 with Bs — arg[_(Vtthb*)/ (Vcchb*)]
SM: —2[3; = -0.0363 £ 0.0016 [arXiv:1106.4041], 0.0370 + 0.0010 [UTfit18]

® Pseudoscalar BOs to the vector—vector J/y(p p )e(K* K) final state
— admixture of CP-odd and CP-even states (L =0, 1 or 2).
oL=0or2 - CP-even states, while L =1 - CP-odd state.
> Same final state can also be K*K™ pairs in S-wave - CP-odd.
o CP states are separated statistically using an angular analysis

17
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B physics at ATLAS

Time-dependent angular analysis of B, = J/y¢

® Differential decay rate: #r o

= > 0% ) r. wr. 1)
drdQ ~ £

with O®(t) time-dependent functions corresponding to the contributions of
amplitudes (Ao, Ay, A, and Ag)
(and interferences) and

g®(6+, W+, @) are angular functions.

® Flavour tagging is used
to distinguish between
the initial B% and BP, states.

ATLAS Run-2 result

0 80.5 fbt of 13 TeV data (Run 2, 2015-2017)

o J/P trigger with muon p; of 4 or 6 GeV

J Measurement of the proper decay time t = L,, mg/ p;°
o Combination with Run-1 result

Eur. Phys. J. C 81 (2021) 342,
arXiv:2001.07115
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B physics at ATLAS

- ATLAS

“E Vs=13TeV, 80.5b"
- ¢ Data

0.7 E3B —=J/yK? .
06 SNB —JyK

P(BIQ,)
o
(o]

T T T T

Tight muons

Y XXX
X

|-

muons / electrons / b jets

> Calibrated on self-tagged B* - J/YK* events

> Tag probabilities included in the B fit
> Dilution D(Q,) and tagging power T, defined as:

ATLAS B, — J/y¢ analysis: flavour tagging

® Flavour tagging to identify the flavour of the b quark:
» opposite-side tagging (OST) using pr-weighted
charge of tracks in cone around

N k
~ Zi trac sqi . (pTi)K

350

300F
250
200E

Candidates / 5 MeV

150F
100"

50

Ox =

N track

Zl raCS(pTi)K
E ATLAS * Daa

{s=13 TeV, 80.5 fb’’ i -

s
m(J/y K*) [GeV]

D(Qx) = 2P(B|Qx) -1
Ty = Zi €xi '(ZP(Blei)_ 1)2
Tag method €x [ %] Dy [Y] Ty [Y]
Tight muon 4.50+0.01 | 43.8+£0.2 | 0.862 +0.009
Electron 1.57 £0.01 | 41.8 0.2 | 0.274 + 0.004
Low-pr muon | 3.12+0.01 | 29.9+0.2 | 0.278 +0.006
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

Eur. Phys. J. C 81 (2021) 342, arXiv:2001.07115
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B physics at ATLAS

® Unbinned maximum-likelinood fit

> B properties: mass mg (and its
error), proper decay time t,
proper decay time error o,
tagging probability P(B|Q,)

> Transversity angles:
Q(O+, Wr, ¢r)

> Physical parameters:
Ar31 Ps, rs’ IAO(O)|21 IAII(O)|21
O, 0., |As(0)]? and O,

J Systematics:

o Lifetime model: varying p+
bins and signal fraction

o Backgrounds: By / N\, [ angular
models varied / p; bins varied
o Tagging: variation of the
parameterisation / recalibration
from MC samples / pile-up effects

Entries / 0.2 ps

(data-fit)/c

Entries / 3 MeV

(data-fit)/c

ATLAS B, = J/y¢ analysis: ML fit

Eur. Phys. J. C 81 (2021) 342,
arXiv:2001.07115

x10° ,
=R Er Ay REEES RN EXAEN EEE S LR R B = 10 =
ATLAS Data m ATLAS
45— {s=13TeV, 805" — Total Fit = oo fe=tTev — |
E - - Signal =
40F- ---- Background =
35 10><B—>J/\|!K
E ¢ & 10xAB—>J/q;pK
30F
25
20 e ]
B | (R
sE _; R 70 i z ¢T[va%]
5 SRR i —
c :; 100 ATLAS o _
3E -
4

455 555 53 535 54 5.45 55 555 5.6 5.65

50—
m(Jyo) [GeV]

S 0 S P T I B B A L L B
ATLAS . Data
Vs=13TeV, 80.5 b Total Fit ©
& - g
L - - Signall 5
5 --- Background
10 -- Prompt J/v
10*
........ - 103‘ : : . : . : : .
10° ~, % 100(- ATLAS . .
107 ) ¥
10 :
3t ~ __________
2; Proper decay Elme { e
Q- - oy s E
S I L
3E E
—45 0 P 4 6 8 10 12 14 T 08060402 0 02 04 06 08 1

ccccccc

Proper Decay Time [ps]
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B physics at ATLAS

Run 2 only (80.5 fb):

Parameter Value Statistical | Systematic
uncertainty | uncertainty
¢y [rad] —-0.081 0.041 0.022
AT [ps™'] 0.0607 0.0047 0.0043
Iy [ps'] 0.6687 0.0015 0.0022
|A)(0)]? 0.2213 0.0019 0.0023
|Ag(0)|? 0.5131 0.0013 0.0038
|As(0)? 0.0321 0.0033 0.0046
—dg [rad] | —0.25 0.05 0.04
Solution (a)
0, [rad] 3.12 0.11 0.06
0 [rad] 3.35 0.05 0.09
Solution (b)
0, [rad] 291 0.11 0.06
0 [rad] 2.94 0.05 0.09

Two solutions in 6”- d, plane,
negligible impact on other parameters

Eur. Phys. J. C 81 (2021) 342, arXiv:2001.07115

ATLAS B, = J/y¢ analysis: Run-2 results
ATLAS Run-2 result on 80.5 fb* of 2015-2017 data

Run 1 (19.2 fb) & Run 2 (80.5 fb):

»
hs

0.12

S

—
<

0.1

0.08

0.06

ATLAS
Vs=7,8,13 TeV
68% CL contours

Run1 7 and 8 TeV 19. 2 fb -

13 TeV, 80.5 fb™ .
—— Combined 19.2 + 80.5 fb™
SM prediction

3.8

6” [rad]

3.4

3.2

3

2.8

3.6
[ Solution (a)

/’/, ‘\\,
’ \
r \
! 1
i !
\ !
L 1 ) |
KN R4
N, ‘,.’
l I 1 1 1 I
-0.2 0 0.2
¢, [rad]
L ATLAS —-2AIn(L) = 2.30
- 1 -- -2AIn(L) = 6.18
Vs =13 TeV, 80.5 b . 2aIn() - 1183

" .+" Solution (b)

PN IR

T34 36
Sl[rad]

Marcella Bona (QMUL)
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B physics at ATLAS

ATLAS Run 1 & Run 2 combined
(19.2 fbt + 80.5 fb1)

Solution (a)
Parameter Value Statistical | Systematic
uncertainty | uncertainty
¢, [rad] —0.087 0.036 0.021
AT [ps~] 0.0657 0.0043 0.0037
[ [ps'] 0.6703 0.0014 0.0018
|A(0)] 0.2220 0.0017 0.0021
| Ap(0)]? 0.5152 0.0012 0.0034
|Ag|? 0.0343 0.0031 0.0045
6, [rad] 3.22 0.10 0.05
o) [rad] 3.36 0.05 0.09
6, —O0g [rad] -0.24 0.05 0.04

AT [ps]

0.1

0.08

0.06

ATLAS B, — J/¢y¢ analysis: Runl+2 combination

Eur. Phys. J. C 81 (2021) 342,
arXiv:2001.07115

| CMS, J/yK'K™, 116.1 fo’!

- LHCb, J/wK*'K", 4.9 fb”

Comparison with CMS & LHCD:
T T T T T | ! : d I

ATLAS i
\s=7,8,and 13 TeV |
68% CL contours

LHCb, all channels, 4.9 fo™'

ATLAS, J/yK*K~, 99.7 b =

0.2 0 0.0
¢ [rad]

¢s = -0.087 + 0.036 (stat) + 0.021 (syst) rad
Al = 0.0657 £ 0.0043 (stat) + 0.0037 (syst) ps™

® (), result consistent with results from CMS, LHCb and SM
® Competitive single measurement of Al'g, [ and helicity parameters
® Still to add 60 fb* of 2018 data

Marcella Bona (QMUL)
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B physics at ATLAS

¢s = -0.050 + 0.019 rad

HFLAV average for PDG21:

B, = J/y¢ results: HFLAV average

Because of tensions, errors on [
and Al; scaled by 2.5 and 1.77

T HFLAV T'T'
7] 5 HFLAV
2 Do 8 fo™ 8 016 DO 8 fb~
2 093 68% CL contours ':'n
= (Alog £ =1.15) <1 0.141
CMS 116.1 fb?
0.11 CMS 116.1 fb~! 0.12
0.101
CDF 9.6 fb~! (
0.09 0.08]
LHCb 4.9 fb—1 LHCb 4.9 fb~!
0.07 PER Combined” .
. “I's errors scaled by 2.5 ATLAS 99.7 fb~
=il 0.04 Als errors scaled by 1.77
ATLAS 99.7 fb CDE 9.6 fb-1
003’5 03 0.1 0.1 0.3 ] 0-%620 0.650 0.670 0.680
<<[rad] Ms[ps™]
Marcella Bona (QMUL) 23




Summary and Conclusions

~ Results on FCNC b to s transitions:
» B to K*pp angular analysis and B to py

o Recent results on CP Violation in B, system:
» CP violating phase in By’ — J/Y@ angular analysis

i
“QS’ o A number of Run 2 analyses ongoing
= » Updates and new analyses

]
g
E X

> ATLAS is competitive in B physics
- Thanks to accumulated statistical samples
» Thanks to some detector performance (tracking)
o Perfect example the angular analysis of the golden
mode B, - Jo
~Working on the updates of all the above
to full Run-2 statistics and preparing for Run 3




B physics at ATLAS

back-up slides

Marcella Bona (QMUL)
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B physics at ATLAS

Analysis strategy for B - K*uu

® Data collected in 2012 at 8 TeV with 20.3 fb! Run 1 data
® Measured in 6 (overlapping) bins of g2 in the range [0.04, 6] GeV?
® 4 sets of fits for three parameters (F , S, and S with j=4,5,7,8)

® Selection of triggers with muon p; thresholds starting at 4 GeV
® K* tagged by the kaon sign:
@ dilution from mistag probability included in (1-2<w>):
® <w> ~ 10.9(1)% with small dependence on g?
® 787 events selected with g2 < 6 GeV?
® Extended unbinned maximum likelihood fits in each of the fit
variants in each g2 bin:
® two step fit procedure: first fit the invariant mass distribution
® then add to the fit the angular distributions
to extract the F_ and S(P) parameters
® Signal shape studies from control samples K*J/p and K*(2S)
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Fit projections

30

| T |
ATLAS s =8 TeV, 20.3 fo

: | :
ATLAS (s =8TeV, 20.3fb"

I T
¢ Data

I

----- Signal )
ground

3 ' <
E 401 S5 fold, ¢ € [0.04, 2.0] GeV? | = | S5fold, o? €[0.04, 2.0] GeV? —— Total Fit Model |
Al D N T LT Signal
E = 7 % ----- Background
& 30 ¢ Data 1 &
T —— Total Fit Model
TV e\ e Signal 7]
20 { ----- Background
A R _ By
. 4 Y
0 | s [ LT PPN i 0 L | I
5200 5400 5600 0 1 2 3
My, [MEV] ¢ [rad]
o 30 | T T 3 ' T ; T L ' T '
= ATLAS (s=8TeV,203fb" 4 Data = ATLAS |s=8TeV,203f0" 4 Data
= S5 fold, g € [0.04, 2.0] GeV?  —— Total Fit Model ~  30—S5fold, g° €[0.04, 2.0] GeV* — Total Fit Model —
P L % ----- Signal
I —— Back s | Background
> >
w w

U fit m(K*uu), cosf, , cosBx and ¢ to isolate signal and extract
parameters of interest.

_ Data shown for
[0.04,2.0] GeV?
J projections
for the S; fit.
2 Approx 106-128
signal events
In 2 GeV? g2 bin.
2 Similar results
for the other g2
bins and other
fit variants.
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218
L

Angular analysis results

_ Results are compatible with theoretical calculations & fits:

]

<

CFATLAS  — 5=8Tev,20317 1% 20ATLAS | s-8TeV,2037 4 20ATLAS  (5-8TeV, 2031
e F —4- Data ] 1.5E -4~ Data = 1.5 —4- Data —
1.4F L CFFMPSV fit = theory DHMV 3 = theory DHMV 3
C theory DHMV 3 1 theory JC = [ theory JC E
1.25— theory JC _E 0.55_ _E 0.5 | '_{_‘ =
1= — - 7 C ]
C ] Ok= { i + 3 O 3
0'8;_ | i _; -0 55_ _E —O.5§— —§
—4 ) l , 1 - ’ Pi| & = P's| -
0.4 — o 3 - 3
ooB ] -15F 5 E E
o 1 E E R | | | , e
o- ' L ' L 1] g By B — s 0o 2 4 6 8 10
0 2 4 6 8 10 0 2 4 6 8 10 ,
? [GeV?] ? [GeV?] ¢ [GeV?]
o’ oFATLAS | {5=8TeV,203fb ]
C v -$- Data 7
;e 7 Z e |Ps| Eden
[0.04,2.0] | —0.05 £ 0.30 + 0.08 0.31 £0.40 £0.20 0.67 £0.26 £ 0.16 1= theory JC e
[2.0,4.0] | —0.78 £0.51 £0.34 -0.76+0.31+021 -0.33+£0.31+0.13 o.s?h s
(4.0, 6.0] 0.14 £ 0.43 £ 0.26 0.64 +0.33+0.18 0.26 +0.35+0.18 05— E
[0.04,4.0] | =0.22+0.26+0.16 —0.30+0.24+0.17 0.32+0.21+0.11 - .
[1.1,6.0] | =0.17 +£0.31 +0.13  0.05+0.22+0.14  0.01 +0.21 + 0.08 0.5 g
[0.04,6.0] | —0.15+0.23 +0.10 0.05+0.20+0.14 0.27 £0.19 £ 0.06 B =
T B S S )
9 [GeV?]
OPE and LHCb data fit: CFFMPSV: Ciuchini et al.; JHEP 06 (2016) 116.
QCD factorisation: DMVH: Decotes-Genon et al.; JHEP 12 (2014) 125.
JC: Jager-Camalich; Phys. Rev. D93 (2016) 014028.
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Angular analysis results

J ATLAS gets deviations of about 2.5¢ (2.70)
from DHMV in P',(P's) in [4,6] GeV?

_L() B 1 I I 1 1 | 1 I | |
0 2-ATLAS \s=8TeV, 20.3 b=
_ o - n -§- ATLAS CFFMPSYV fit ]
© 25 ATLAS | Vs =8TeV,20.3 b 1.5 - LHCb theory DHMV
1.5E ~4- ATLAS = - —+ CMS theory JC -
£ T ovs. ER = Belle =
- tEeory Eng E - P' .
VE theory b -
r = 0.5 S ]
2 :*:_' E - o ® ]
: —1 oF — E
st Pali  F 5
_25_ = _05__ + 1 —
o T T T T e T e T o = 1 ]
?[Gev] -1 =
B 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 T
0 2 4 6 8 10
o? [GeV?]
CFFMPSV: Ciuchini et al.; JHEP 06 (2016) 116.
DHMV: Decotes-Genon et al.; JHEP 12 (2014) 125.
JC: Jager-Camalich; Phys. Rev. D93 (2016) 014028.
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Projections for K*uu angular analysis at HL-LHC

_ Extrapolation from signal/background yields in Run 1 and toy-MC simulations

_ Accounting for improved performance of the ATLAS Upgraded tracking system

_ Three trigger scenarios: high-yield, intermediate and low-statistics for signal.

_ The precision on, for example, the P's parameter expected to improve
by factors of ~9%, ~8x, ~5x (for the three trigger scenarios) relative to Run 1

ATL-PHYS-PUB-2019-003

—LD B 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 |
Q. 2|~ A7LAS Preliminary —{§— ATLAS JHEP 10 (2018) 047 ]
L {s =14 TeV, 3000 fb ‘ . -]
[~ Projections from Run 1 data CFFMPSV fit o
1.5 B—Kuu theory DHMV —
LHC phase ¢ 1GeV? | oy o oy oy oy oy E theory JC .
B [ ] ATLAS HL pious .
Run | [004,20] | 0.11 031 045 031 021 051 1— ‘ —
[20,40] | 0.12 061 037 034 034 0.57 r { TLAS HL n10us6 (stat. only) 7
[4.0,60] | 0.18 050 038 039 030 043 mmm— ; .
HL-LHC p6p6  [0.04,2.0] | 0.010 0.027 0.037 0037 0019 0046 Q.5 | ; —
[2.0,4.0] | 0.008 0.093 0.040 0.038 0.040 0.070 o ' P -
[4.0,6.0] | 0.016 0.083 0.032 0.047 0.033 0.041 ~ 5 .
HL-LHC p10p6  [0.04,2.0] | 0.011 0.037 0.046 0.040 0.023 0.055 O ‘ .
[2.0,4.0] | 0.011 0.103 0.047 0.042 0.044 0.075 n - -
[4.0,6.0] | 0.018 0.100 0.040 0.053 0.038 0.052 N 7
HLLHC 110p10  [0.04,2.0] | 0.018 0.065 0.076 0059 0.041 0093 —0.5 —]
[2.0,4.0] | 0.017 0.15 0.074 0.068 0.059 0.100 - -
[4.0,6.0] | 0.026 0.17 0.074 0.082 0.063 0.090 N Z
—1= g
[ 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 L I 1 a
0 2 4 6 8 10
Q? [GeV?]
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Signal yield extraction

® signal yields extracted with a unbinned
maximum likelihood fit to the dimuon mass
® fit performed simultaneously in four BDT bins
® 18% signal efficiency

5 0.045 g T eI T T T T T T T r T T T T > [T ] v & v [ T & v | va& ¥ & v ou
= - — By — p'u MC w/o BDT reweighting 3 % L e B'SprwMC ATLAS Simulation ]
~ 0.04 - ....BY 5 u*u MC with BDT reweighting E = - Double Gaussian fit 4]
@ = s . . . S 20— = —tolplesayssiEnil Vs=13TeV, 26.3 b -
S 0.035 = ATLAS Simulation = = T 4 B pruMC ]
= : = g | —— Double Gaussian fit ]
E = > 151 —
= E L - ]
- E 10F .
= E 5/ i
= ; : . E i e ]
O Clovo o bovv bt v b B by by bvn s Lo Iy 1117 O_.l—-- —&Af»ﬁ""{:ﬁ 1 1 Il — Ve | Ty | L o G|

0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 4800 5000 5200 5400 5600 5800

BDT output
Dimuon invariant mass [MeV]

® signals, B to hh: 3 double Gaussians
® continuum: first order polynomial

® partially reconstructed B: exponential
® semi-leptonic: exponential
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700

- ATLAS

F {s=13TeV,26.3fb"

C 0.1439 < BDT <= 0.2455

600

500

Events / 40 MeV

400

300

200

100

=)
™

'Ao'lIIIIIIIIIIIIII‘I

.......

e

L e I
e 2015-2016 data
Total fit

= = Continuum background
...... b — p* u” X background
-------- Peaking background

i BS—)u*u’+B°—>u*u’

ey

Illlllll[l\lllllllllll\

n

565000 5200

| T
5400

-
5600 5800
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Events / 40 MeV

B(BY — ptpr) = (3.21
BB® - ptp) = (-1

Signal yield extraction

140

——
ATLAS e 2015-2016 data

120f {5 = 13 TeV, 26.3 fb” Total i E
1 :_ 0.2455 < BDT <= 0.3312 —— = Continuum background _:
00 -, hemm b — p* u” X background ]
80 .—_ """""" P;eaking béckg;ound »_—
l B B2 up+B —prpw 7
60, -
40 -
20 AT
el [EiSSEEG.  SeSmTEROEE Jicsaninmstiotariomallicsmmont i ]
O4800 5000 5200 5400 5600 5800

® consistent with Standard Model predictions
® likelihood maximum:

3

Dimuon invariant mass [MeV]

Events / 40 MeV

+0.90+0.48 9
—0.83—0.31) x 10

+2.2+0.7 -10
19— 08) x 10

Events / 40 MeV

14 0.4163 < BDT <=1 —— = Continuum background
------ b — u* w X background

L s . ., eew Peaking background

10 o Bgﬁu*u#Boau*u'

® yields unconstrained: Ns = 80 £ 22 and Ng =-12 = 20
® expected from the SM: Ns =91 x and Ny = 10

70 F [ S s L e e EELE B e o s s e s 3
r ATLAS e 2015-2016 data ]
60 y5= 13 TeV, 26.3 b Totalft E
+ 0.3312 < BDT <= 0.4163 — - Continuum background E
o L b — pu* u X background ]
40 Nl e P;eaking backg:)ound é
:.“ E Rl B > pu'pw+B —>u*u’:
30F", =
20F =
100 e
- _ it NIITE
(G sapapayml. L ‘ L
O4800 5000 5200 5400 5600 5800

Dimuon invariant mass [MeV]
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T

L s B e S By B B B B B B B B

ATLAS
Vs =13 TeV, 26.3 fb™

® 2015-2016 data
Total fit

'||HT?T“T‘I_F||||||||‘||||||||||\|||||

N

L A7) PP (R TS [ I
5200 5400 5600 5800
Dimuon invariant mass [MeV]

Fesmbisiml
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Combination of Run 1 and Run 2 results

Neyman Contours yield for Run 2:
B(BY - ptp) = (3.2170:3510%) x 107° = (3.2¢]4) x 107°
BB’ - pu'u) <43 x 107° @ 95% CL

&> T T LI LA AL DL B T 7'3_‘ LN B B B LA I L N L N B B
| | — -
o 1.2 A LAS -1 o 1.2 ]
— - 41 + - Run 1 data -
= | (s=13TeV, 15.1-26.3 0" 1 SRS ]
3. 1 Contours for — 5. 1= 2015-2016 data -
4 - 2 Aln(L) =2.3,62, 11.8 1 + - Run 1 + 2015-2016 data .
0.8 3 T o8k -
T r LTIl — statonly 7 T L et Likelihood contours for ]
o C PO AN —— stat + syst 1 > = P o ] _ i
C\Q/ 06— I, e \\ ] @, 06 0 2 Aln(L) =2.3,6.2,11.8 —
m - NN ] m 3
0.4 & 7 T . 0.4 E
02F % i e N 0.2 -
0 T "“ | |“:‘|\ L | T 1] O :'z{&:l = l\'l \'I' . :
—02 ;—1 L1 I I \’r L ‘\ I | T \ I | AN A | NI 1—; _02 L ‘\ KR |~~|~::‘ | I\"I,\:‘\l'\.r.d L l\__
0 7 0 1 2 3 4 5 6 7

0 R = =

B(Bg — u* 1) [107] B(BY — u* p)[1079)

Run 1 + Run 2 (2015+2016) combination:
Compatible with SM at 2.40 BB® > ) = (2-8i82§) % 10~2

BB > utu) <21 x 10710
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Neutral B mesons into two muons

We have been chasing this decay for a long time:

Limit (90% CL) or BF measurement

1074

107°

107°

S S
: TI f 7 T;: : | -
_} __________ e X ,4> + . : | :

— | * CLEO A Belle

= | * ARGUS [J BaBar

— | YV UA1 HE LHCb

— | % CDF ¢ ¢ CMS

= | VV L3 ¢ ¢ ATLAS

— | A A DO ® ® CMS+LHCb

| OO ATLAS+CMS+LHCb

— | | I | | | | | |
1990 2000
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LHC combination from Summer 2020

® Combination from binned two-dimensional profile likelihoods

® Independent systematics, except for ratio of fragmentation fractions f/fs,
® f /fs profiled separately and its uncertainty included in one likelihood.
- ATLASCMS LHCb - Summer ZOZQ

Latest LHCDb result not included g ,sR2.10 from SM | '12’(5;’11{“}5;3{% dat; | _

B(BY — ptp™) = (2.697937) x 107° i 04f :
BB = utp™) < 1.9%x107%at95% CL| T

Q s -

m ]

0.1f _ =

) 0: . \ . \. . . J ). .1, M

Prospect on B, = p'u at ATLAS ! B > s (10

0-6_"I""|""I""I‘III

o HL-LHC - 3 trigger scenarios:
with thresholds (p**,, p**):
_ Conservative: (10 GeV, 10 GeV) - x15Run 1

J Intermediate: (6 GeV, 10 GeV) - x60 Run 1
_ High-yield: (6 GeV, 6 GeV) - x75 Run 1

- ATLAS Simulation Preliminary .
05F By oww » E
= working point x15 Run1 statistics stat + syst
— stat only

—}— SM prediction B

B(B® - u* ) [107]
o
N
!
|

B(B) — uu~) B(B® = p*p”) o
stat [10719]  stat + syst [107'9] stat [107'°] stat + syst [107'°]  OF —
Run 2 7.0 8.3 1.42 1.43 oiE E
HL-LHC: Conservative 3.2 5.5 0.53 0.54 = "2 — é o "'1 —— é — 'é' :
HL-LHC: Intermediate 1.9 4.7 0.30 0.31 B( B0 _, W) [A O_g]
HL-LHC: High-yield 1.8 4.6 0.27 0.28 S

ATL-PHYS-PUB-2018-005
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LHC combination from Summer 2020 ATLAS-CONE-2020.049

® Combination from binned two-dimensional profile likelihoods

® Independent systematics, except for ratio of fragmentation fractions fy/fs,
® f /fs profiled separately and its uncertainty included in one likelihood.

Latest LHCb result not included
B(B) — utp~) = (2.6917357) x 1077
BB — uTp™) < 1.9x107 at 95% CL.

2.10 from SM

2 ATLAS CMS, LHCDb - Summer 2020 - ATLAS CMS LHCb Summer 2020
"TO F /,/ /I Prehmmary - ATL AS . g F I Prehmmally | .
Z 05F A4 2011 - 2016 data -.CMS 4 = os5F 2011 - 2016 data 3
T T Tseeees e (T 5
i 04F/ S T e ">~ — Combined i 041 E
ro03f 4 1 03F g
) E E S E E
Q[ 02F | 4 8 o02f -
Sa] - 1 A I ]
0.1F | = 0.1F g
OE . ] 0: .Y
1 5 1 95
BB, — pu) (107) BB, — pu) (107)
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Around and outside B physics...

_ Searches for Lepton Flavour Violating decay tau to 3 muons
o Eur. Phys. J. C (2016) 76:232, arXiv:1601.03567
® Tau production from W decays in Run 1
2 Analysis on Run 2 ongoing: more abundant production mechanism

T T LA L L B B B B

ATLAS —— LEP.(Phys.Rept. 532 119)
_ Test of Lepton Flavour Universality as E-13Tov, 1390 Statiteal Uncertaimy
BR(W - tv,)/[BR(W - pv,) o Tl Uncoramy

U Nat. Phys. (2021), arXiv:2007.14040 —
2 Whole Run 2: di-leptonic tt events with
either one electron and one muon (e—u channel)
or two muons (u—u channel). 598 1 1.02 104 1.06 1.08 1.
R(t/w)=B(W —tv)/B(W—uv)
R(t/u) = 0.992 * 0.013 [+0.007 (stat) + 0.011 (syst)] .i05— o
= ATLAS

) (s=7TeV, 4.6fb"
U For the two light generations: ki
BR(W - pv, )IBR(W - ev,) 6
v Eur. Phys. J. C 77 (2017) 367, =5
arXiv:1612.03016 = |
» From inclusive W* and Z/y* production : =ﬁ:tlpe+e-+ ww :
cross section measurements in Run 1 095" mn, Lepesinere » 2 i
2 Analysis on Run 2 ongoing B(t — bu'v,) | O Sandaratiocel

| I 1 Il 1 Il 1 1 1 i ]
0.95 1 1.05

- ofid fid
RZ - OZ/Y* + e+e‘ / GZ/Y* 9 M+M-

on top decays: P = Bt — be )

Marcella Bona (QMUL) 37



B physics at ATLAS

Time-dependent angular analysis of B, = J/y¢

[ | T T | T 17T | LI T 11 I T T T | T 17T | ]
- ATLAS -== 68% C.L. (Is=7TeV) ]
-Z\s=7TeV.49 fb-1 == 95% C.L. (\s =7 TeV)|
i ’ A —— 68%C.L. (1s=8TeV) ]
[ \s=8TeV,143fb wnnn 95% C.L. (18 = 8 TeV) ]
;AFS ConStralned '[O > 0 m  Standard Model 7

ATLAS Run-1 result
4.9 fb-1 of 7 TeV data (Run 1, 2011)

AT [ps’]
(@)
N

0.15

and 14.3 fb* of 8 TeV data (Run 1, 2012) i - O saistcleny
¢s = —0.090 £0.078 (stat.) = 0.041 (syst.) rad i N NN .
AT, = 0.085=+0.011 (stat.) + 0.007 (syst.) ps~' 0.05F )
Iy, = 0.675+0.003 (stat.) + 0.003 (syst.) ps~' i :
:I....I..HI....I..HI....I.H.IZ
005505 0 05 1 15
¢_[rad]

ATLAS Run-2 result

2 80.5 fb? of 13 TeV data (Run 2, 2015-2017)

2 J/Y trigger with muon p; of 4 or 6 GeV

o Measurement of the proper decay time t = L,, mg/ p;°
o Flavour tagging to identify the flavour of the b quark
» Combination with Run-1 result
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Time-dependent angular analysis of B, = J/y¢

® Systematics:
> Lifetime model: varying pr bins and signal fraction
» Backgrounds: By / N\, [ angular models varied / p; bins varied
» Tagging: variation of the parameterisation / recalibration from MC
samples / pile-up effects

oy AT, I A0 AP |As(O) o1 3 5. —ds
[102rad] [103 ps7!1 [103ps~!1 [1073] [107°1 [1073] [103rad] [103rad] [1073 rad]

| Tagging 19 | 0.4 0.3 0.2 0.2 1.1 17 19 2.3
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
Time efficiency 0.2 0.2 0.5 < 0.1 < 0.1 0.1 3.0 5.7 0.5

_Best candidate selection 04 L6 | 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 pt bins 1.3 0.5 < 0.1 04 0.5 1.2 1.5 7.2 1.0

| Choice of mass window 9.3 3.3 | 0.2 04 0.8 0.9 17 8.6 6.0

Choice of sidebands intervals 0.4 0.1 0.1 0.3 0.3 1.3 4.4 7.4 2.3
Dedicated backgrounds:

Bg 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 Amg 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 57 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
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Time-dependent angular analysis of B = J/y¢

L

-|:|4l_
_ Zﬂimf”fym]mf e

dr d

?\TA

| 0®@) | g®6r,yr. ¢7) |
1 %lA.;)(O)|2 [(1 + cos ¢s) eTU 4 (1 — cos¢y) e Tt 4 20Tt sin(Am,t) sin qbs] 2cos? (1 — sin® O cos? ¢r)

2 | La00pR [(1 +cosdy)e T4 (1= cosdy) e i+ 2e7 T sin(Am,7) sin ¢J] sin? yr(1 — sin® 67 sin? ¢r)

3| LA (o) [(1 —cosdy) e 4 (14 cos dy) e 0 F 27T sin(Am, 1) sin ¢S] sin® Y sin? O

4 %|A0(0)||A||(O)| cos | % sin 2y sin® @7 sin 2¢7
[(1 + cos ¢;) ey (1 —cos ¢y) e Tt 4 2e Tt sin(Amt) sin gbs]
51 1A ONALO)[A (™" = e T cos(s, — 5) sin g, — sin® Yy sin 267 sin ér
+e T (sin(d, — 0)) cos(Amygt) — cos(d, — J))) cos ¢, sin(Amyt))]
6 | [Ao(OIALOIL(™ " — e cos 5. sin ¢ L= sin2y7 sin 26y cos g

+e7 1 (sin § | cos(Amg t) —cosd, cos @, sin(Amt))]

7 %IAS (O)I2 [(1 — cos ¢ )e_rL "+(1+cosgp)e n'F 2¢7Tst sin(Amyt) sin qbs] % (1 — sin® O cos? (j)T)

8 | alAs(O)IA1(OI[5 Le T — o TH sin(d) — Js) sin @ L Ve sinyy sin® 07 sin 2¢r
+e T (cos(d) — Js) cos(Amyt) — sin(d)| — Js) cos @, sin(Am,1))]
9 | 1alAs ()AL (0)sin(5, — Js) L V6sinyr sin 207 cos ¢r

[(1 —cos¢y) e e + (1 +cosgy)e” Tyt T 2¢7 5 sin(Am,t) sin¢5]

10 | alAo(O)l|As O)[4(e™ " = e™TT") sin b sin ¢ % V3cosyr (1 - sin® 07 cos® )

+e T (cos 85 cos(Amyt) + sin §s cos ¢ sin(Amit))]
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) TD angular analysis of B, = J/y

ATLAS

10°

ATLAS Run-1 result:
® 14.3 fb' of ATLAS data from 2012 at 8 TeV
® Results:

¢s = -0.090 + 0.078 (stat) £ 0.041 (syst) rad

Al = 0.085 + 0.011 (stat) £ 0.007 (syst) ps

EXPERIMENT ) [ ATLAS . Data ]
=yl Vs=8Tev,1431" — Total Fit _
2 - -- Signal -
= - — By~ JyK®
8 sl Ay~ Iy pK
<
Ll

WNLOaNNW
LLLLILLLL L LLLL O O T 11 T 11 T T 1

[JHEP 08 (2016) 147] s

> Agrees with SM | i ;
J ConS!Stent W|th Other expenmen‘ts 515 5.2 525 53 5.35 5.4 545 5.‘5m8}$5Klg.'[6Ge§/.]65
> Consistent with previous analysis, =L
using 2011 data at 7 TeV 8 oo ATS e T emorimrTo]
~ [Phys. Rev. D 90, 052007 (2014)] = | s-sTev, 143" — SCL (ts=8TeV)]

> A Best Linear Unbiased Estimate < g 1g] ATsconsained 020 o S

(BLUE) combination used to combine j
7 and 8 TeV measurements 01 :
0.053— —
0 p— f
008 s 0 T s
¢_[rad]
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B physics at ATLAS

B, = J/y¢ results: HFLAV average

Because of tensions, errors on [
and Al scaled by 2.5 and 1.77

HFLAV average for PDG21:
¢s = -0.050 £ 0.019 rad

z g % osel
o 68% CL contours :"'
) oo =119 o CMS 116.1 fb~?
CMs 116.1 fb~? 0.121 Theory
"\»\\\ o 0.10
\\*(\\ 0.08 (
LHCb4.9fb‘1\\\ 0.06. \\\';'j\Cb 4.9 f*b_l Bione )
/‘ 0.04- Oy 0%
/ CDF 9.6 fb~!
01 ; 03 %640 0.650 0.660 0.670 0.680
¢s=lrad] Fslps™]
ATLAS B, — J/y¢ results: HL-LHC projections
o Updated tracking (ITK): proper decay time z o DO 8 bt
resolution improved by 21% w.rt. Run2 =

o Three trigger scenarios for thresholds
2 Improvements w.r.t. Run 1:

U s Stat: better by ~9x to 20x
Y uncertainty on ¢ at least as the theory error

o Al stat: better by ~4x to 10x

Combined

ATLAS L Ligttio @

ATLAS HL fguig
|

ATLAS KL 1516
ATLAS 19.2 fb~!

CMS 19.7 fb™!

U €lor &) o

68% CL contours
(A log £ =1.15)

CDF 9.6 fb™!

0.0

ATL-PHYS-PUB-2018-041

0.4
b [rad]

0.2
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Time-dependent angular analysis of B, = J/y¢

ATLAS combined Run-1 result:

‘L_‘ B T | T T T | T T T | T T T | T T T | T T T i .
0 0.18- ATLAS — 68%C.L. =4 7
% E \s=7TeV, 491" - Zfa/n;;rl_d Model - ﬁ 014 DO 8 fb ! 5”7
% 0.16\s=8 ARG SE fo” C.L. are statistical only - r—T 68% CL contours
- AT’s constrained to > 0 1 < (Alog £ = 1.15)
0.14- - 0.12 :
N ] CMS 19.7 fb !
0.12 —
C ] 0.10 S :
0.08- . 0.08 O
i ] ' 3 EHECB 35b
0.06- — : :
- ] 0.06 ATLAS 19.2 fb !
0.04¢ | | | | | L
-06 04 -02 O 02 04 04 02 00 02 04
) [rad] ¢ [rad]

[Eur. Phys. J. C77 (2017) 895]
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Motivations and predictions

theoretical uncertainties of order 6-8% (@)

meson Lepton type
type e 1 T
B  (2.48 £0.21)107" (1.06 + 0.09)107!° (2.22 4+ 0.19)107®

B"  (8.5440.55)107'* (3.65 £ 0.23)10~° (7.73 % 0.49)10~7

o Perfect ground for indirect new physics searches:
2 virtual new particles can contribute to the loop
2 both enhancement and suppression effects are possible

- ~0
b W3 X §
== | b JWH
3 s, Z°H°h?.
t,c,u |d I |V )
s(d) _ s(d) W=7
w1’

Te+ Te'

J Decays of B” and B into two leptons have to proceed N
through Flavour Changing Neutral Currents (FCNC)
- forbidden at tree level in the SM B® > OB
2 In addition, they are CKM and helicity suppressed.
2 Within the SM, they can be calculated with small A

A

Bobeth et al.,

PRL 112 (2104)
101801

[includes NLO EM
and NNLO QCD
corrections]

|+
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B physics at ATLAS

ATLAS analysis on 2015-2016 Run 2 data

JHEP 04 (2019) 098, arXiv:1812.03011
® 36.2/fb dataset of 2015-2016 data taking:
» effectively 26.3/fb forB - pp
® 15.1/fb forB - J/y® and B - J/YK
® Trigger: higher thresholds [4-6 GeV] than in Runl,
® Lxy > 0 request at trigger level

N €
B(BY . — utu—) =| 246 | JCi/vKt | | fu
( 5) T H B ) “utp— XNJ/¢K+ ><fﬂ?(S)

x|[B(BT = J/$KT) x B(J/¢ = ptu)]

» correction for the different hadronisation probabilities for B% and B° vs B*

» include the B* and J/y branching fractions

® correction for the efficiencies of the two channels

® normalisation yield and efficiency
ratio define the factor:

E+ -
Dhnorm = NJ/gbK“L( —- )

8]/lﬁK+
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Background contributions

E’ 10° IATILAI\E‘:ISimuIéltilonI - _

= /s =13 TeV, 26.3 fb [Joowux E

In order of relative magnitude: 2 il. s |

® combinatorial background: . i LR
: \'f\BO—W*u’

* two real muons from different b quarks

® partially reconstructed B decays:
* two real muons

® Same Vertex (SV): B -~ mmX decays ot 5200 5400 S50 o
e Same S|de (SS) Dimuon invariant mass [MeV]
semileptonic decay cascades $ o ATLASSmuaton
(b S cmn - s(d)mmnn) g 0.75_\/5=13Tev,26.3fb o
® Bc decayS like BC — J/y mn g 0-62_ 1 Blindedregion . o s =
» all these accumulate at low values = °5; | B KK
of the dimuon invariant mass o4 B wr
" ; 0-3F e
® semileptonic B and Bs decays: 0.2F £
® one real muon and a charged hadron. o1 P o] =
® peaking background from charmless %800 5000 5200 5400 5600 5800
had I’OniC B(S) decays- Mass of two misidentified muons [MeV]

* B decays into two hadrons h (kaons and pions): B%s) — hh’

* smaller component, but overlays with the signal in dimuon
Invariant mass
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Tight muon-ID against hadron misidentification

® mis-identification reduced by 0.392 using
standard ‘tight’ ATLAS selections

® studied on simulated samples

® validated on control regions

® negligible misidentification of protons (< 0.01%)
® misidentification is 0.08%(0.10%) for K(p).

peaking-background events: 2.7+£1.3

10 ;1rrm—r—r———r
7B = B> u ' MC ATLAS

10" ContinuumbkgMC Vs =13 TeV, 26.3 fb™!

e data mass sidebands

Events / 0.05

BDT against combinatorial bkg

> MVA classifier to discriminate from signal , ozc——rrrrrrerrror s
» trained and tested on mass sidebands S e8I g tC, ATEASSimuton -
» divided in 3 subsets - T

» 3 independent BDTs 5 gqgf TSTORRNMC L plih ]

» compatible performance S of B

> 15 variables related to properties of B £ 008> E
candidates, muons from the B decay, o3 E
other tracks from the same collision 0.025 E
and to pile-up vertices. g

BDT output
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Normalisation B yield extraction

77— T
e 2015-2016 data

3 iAS

® unbinned maximum likelihood fit of 2 s0000= A E
. . ' 80000 'S =13TeV, 15.1 fb™! — Totalfitresult
the invariant mass myyx — Mmmk 00 A L
® cross-checked with raw relative yield § 60000 i el
of J/yp over J/yK ratio ook a2
ik = (3.71 £ 0.09)% 30000F- =
20000 5= \ —=
Ja 10000~ =
+ o T SR e e g AN =

— M _ g , , , , , , ,
Z)norm — ]VJ/cﬂK+ ( ) g o } } $
°Fw KY ot b e M

5000 5100 5200 5300 5400 5500 5600

Efficiency ratio ¢,,./€)« MM

Oefficiencyratiofrom MC 5 0.045 Frm T T
. = - — By — p'u MC w/o BDT reweighting .
® systematic from data-MC = 0.04F .8 uw MC with BDT reweighting E
d iSCI‘epanCieS g 0.035 ATLAS Simulation
® For B%: 2.7% correction for lifetime 2 "¢ E
difference of the B°s mass eigenstates 3§ .= E
Source Contribution (%) 0.015 ;_ _g
Statistical 0.8 0.01 =
BDT Input Variables 32 0.005 - =
Kaon Tracking Efficiency 1.5 05|....|....E|....|..E.|....|.§...|....[....|. ]
Muon trigger and reconstruction 1.0 0.15 0.2 0.25 0.3 0.35 04 045 0. %g‘f’r c?u? ut

Kinematic Reweighting (DDW) 0.8 g
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700

® 18% signal efficiency

600

A
=
500 0.1

Events / 40 MeV

400

T T T T T T T T T T T T T T

TLAS e 2015-2016 data
=13 TeV, 26.3 fo Total it
439 < BDT <= 0.2455 = = Continuum background

b — p* u X background

Peaking background
s B A B st

llIIlIIIlIIIIIIIIIIIIII

E ¢
300
200 ]
100f=, =
O:I ............. T T— —
4800 5000 5200 5400 5600 5800

Dimuon invariant mass [MeV]

Events / 40 MeV

140

Signal yield extraction

® signal yields extracted with a unbinned
maximum likelihood fit to the dimuon mass
® fit performed simultaneously in four BDT bins

ATLAS

® 2015-2016 data

120N (s = 13 TeV, 26.3 fb” Total fit E
100:_ 0.2455 < BDT <= 0.3312 —— = Continuum background _:
- EE=m b — u* p X background ]

80 ._‘_ """"""" Poeaking backgrcound 7
:‘ LY Bs - putuw +B il A
601, .
40F -
200 BT
T et L I N S 4:

o4800 5000 5200 5400 5600 5800

Dimuon invariant mass [MeV]

® signals, B to hh: 3 double Gaussians
® continuum: first order polynomial

® partially reconstructed B: exponential
® semi-leptonic: exponential

Marcella Bona (QMUL)

Events / 40 MeV Events / 40 MeV

Events / 40 MeV

C L A
- BiowwMe ATLAS Simulation 1
20 —— Double Gaussian fit Vs=13TeV, 26.31b" —
i . B> ptuw MC ]
L Double Gaussian fit e ]
101 |
51~ =
0'| PR, e, il B ST, Y YRR DU
4800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
70— L L
r ATLAS e 2015-2016 data

50

4083

60— y5= 13 TeV, 26.3 fb
C 0.3312 < BDT <= 0.4163

Total fit
= = Continuum background

b — u* p X background

Peaking background
s Bl w B o pt

.rII|IIII|IIIT|I\\||IIII|IIII|IIII'

30F-
20
10F )
:____..,.:_*_ ...... ~ + ll“*
C RO T (e "\—‘ .‘”""'L-- L
%800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
———r—t ———r—r———
ATLAS e 2015-2016 data

18 "

Vs=13TeV, 26.3 fb°
0.4163 < BDT <=1

1

Total fit
= = Continuum background

b — p* p X background

Peaking background
S Bl op B ot

N

'IIH_I?Tfﬁrllll|III‘III|III|II\|III|

N o
5000 5200

A7) PP (R TS [ I
5400 5600 5800
Dimuon invariant mass [MeV]




® yields unconstrained:
® Ns=80x22and Ng=-12 £ 20
® expected from the SM:
® Ns =91 £and Ng =10

Signal yield extraction

> 70— T s 40— T
p= r ATLAS e 2015-2016 data ] % ATLAS e 2015-2016 data ]
3 00 V5= 13Tev, 26.3 0" Tota it T 9 120% {513 TeV, 263 fb" - .
E 5003_0 439 < BDT <= 0.2455  — - Continuum background g 1\ 0.2455 < BDT <= 03312 = Gontinunibackground
s 9~N, b = w"p X background 7 g 00EN e b—pt H’Xbackground_:
Lﬁ 400:— ““““““““ P:aaking b:i\ckgroound —E Lﬁ 80':_ """""" Peaking background =
—~— ; EOIEY Boow w+B o ] :r‘ e Bl o w w+B 5 ptp
300F = 60F: =
200E- : 403?' B
100, — 20?— b3
98005000 ~"5360 5400 5600 5800 08605000 £a00 “Eat05e00 " 5a00
Dimuon invariant mass [MeV] Dimuon invariant mass [MeV]
® consistent with Standard Model predictions
® |ikelihood maximum:
0 ( +0.90+0.48 -9
B — —) =i 1321 X 10
B( pr 3.217 5637031
0 ) +2.2+0.7 -10
B(B® - prp) = (-1.375"5¢) X 10
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Events / 40 MeV Events / 40 MeV

Events / 40 MeV

C L A
- * BiowwMC ATLAS Simulation 1
20 —— Double Gaussian fit Vs=13TeV, 26.31b" —
i .+ B> ptp MC ]
[ —— Double Gaussian fit ]
101 |
51 =
B o sy poees it Mingo s maa G K
g1800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
70— L
- ATLAS e 2015-2016 data ]
60— y5= 13 TeV, 26.3 fb Total fit e
t 0.3312 < BDT <= 0.4163 — - Continuum background _:
oy L b — u* p X background
40 N e Poeaking backgroound _f
E" Sl Bs - prp+B = u
30 =
20F -
10 -
E——-——’-. ...... ~ * + + J» } } A $ 7
E, . e R ."'“"1-. &
g1800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
jgEr T —
ATLAS e 2015-2016 data

Vs=13TeV, 26.3 fb°
H- 0.4163 < BDT <= 1

1

Total fit
= = Continuum background

b — p* p X background

Peaking background
S Bl op B ot

N

isowsmbosimil :
5000 5200

A7) PP (R TS [ I
5400 5600 5800
Dimuon invariant mass [MeV]




B physics at ATLAS

Combination of Run 1 and Run 2 results

Neyman Contours yield for Run 2:
BB - utu) = (32128551043) x 10 = (3.2:15) x 107
BB - utu) <43 x 1079 @ 95% CL

ol')_| _l T T T T | T T T T I T T T T I T T T T 1 o'l)_' B T I T T T T I T T T T | T T T T | T T T T | T T T T H
© 1.2 ATLAS -0 © 12F R =
- B - — R un 1 data =
= - Vs=13TeV, 15.1-26.3 fo 1 = - ATLAS -
'3_ 1 — Contours for — '1 1 — — 2015-2016 data —
+=L - -2 AIn(L) =2.3,6.2,11.8 . + - Run 1 + 2015-2016 data .
0.8 — _] = 0.8 " ]

T r LTSI — statonly . T ' T — Likelihood contours for .
) C " TSI —— stat + syst 1 o E e SV . . _ ]
o gL F LT, ] @ 06 Fl, . 2 Aln(L) =2.3,6.2,11.8 =
@ S RN 1 @ F S §
0.4F & T TR — 0.4 =

- " ."," ::::\ ) "\, A ~ : :
] 7 0.2 —

0.2 - ".-\'_‘ I‘|‘|‘ M “,:~~~ N . ‘\u‘ I :

O _l 1 1 -_I;‘\“ l“:}‘ 1 1 1 1 1 1 I 1 1 1 1 I“‘P’I“L~ 1 "l\'l‘ |"\I > 1 1 1 1 T O X . :

- ‘.:_\\ ‘\“\““ . \“:y“‘ ",\" '3\"' E \.. S :

_0 2 = L | |"‘\'7~ L ‘I“:s\ I ‘\I | |“.| ‘l\ I \l"\l_f _02 |.\|\_—
0 1 2 3 4 5 6 7 0 1 2 5 6 7

0 = -9 0 A -9

B(Bs — u* 1) [10°7] B(BY — ut u)[10°7]

Run 1 + Run 2 (2015+2016) combination:
Compatible with SM at 2.40 BBY - ) = (2-8f8j§) % 10~2

BB’ - utu) <21 x 10710
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B physics at ATLAS
JHEP 10 (2018) 047, arXiv:1805.0400(

Angular analysis on B = K*uu

U FCNC b to s transition with a BR ~ 1.1 10°
_ Angular distribution of the 4 particles in the final state sensitive to
new physics for the interference of NP and SM diagrams

W

_ Decay described by three angles (q,, 9x, f) and the di-muon mass
squared g2 — angular distribution in bins of g? as function of q,, g, and f.

4

dl"/ldqz d cos ﬂfdiogﬁxdtﬁdq? - % [3(1 a0+ Fy cos” 0 + 2 sin 0 cos 20
—Fp cos? Ok cos 20, + S3 sin® Ok sin® 0, cos 2¢ + S4 sin 20 sin 26, cos ¢
+85 sin 20k sin 6, cos ¢ + Sg sin @k cos O
+87sin 20k sin B sin ¢ + Sg sin 20 ¢ sin 260 sin ¢

+S9 sin? Ok sin® B sin 2¢J.

_ The S parameters are translated into the PO parameters via
253 , Sj=4,5,7,8
Py = Pissses =
| 1 =Fr, VFL(1-Fp)
with reduced dependence on the hadronic form factors.
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Angular analysis on B = K*uu

_ another way to look at FCNC: b — s transition with a BR ~ 1.1 10°
_ angular distribution of the 4 particles in the final state sensitive to
new physics for the interference of NP and SM diagrams
» allows measuring a large set of angular parameters
sensitive to Wilson coefflciients cY._, GY,,

\ \x\\ A

_ decay described by three angles (6,, 64, ¢) and the di-muon mass
squared g? — the angular distribution is analysed in finite bins
of g as a function of 6, 6, and ¢.

o LHCDb reports a 3.40 deviation from the SM.

q g

JHEP 02 (2016) 104
arXiv:1512.04442
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Angular analysis on B = K*uu

_ BY flavour eigenstate can be identified through the K+ — K- 11+ decay
_ angular distribution given by:

l d*r 9 [3(1-FL) ., 5 1-FL .,
= sin“fg + Fr cos“ Ok + sin“ Ok cos 20
dT'/dg? d cos 8¢d cos Ox dddg? Rr| 4 e S K™% o .
—F} cos® Ok cos 20; + S sin® O sin® Oy cos 2¢ + S48in 20k sin 26 cos ¢
+85 8in 20 sin By cos ¢ + Sg sin’ Ox cos by

+87 sin 20 sin B¢ sin ¢ + Sg sin 260 ¢ sin 26, sin ¢

+So sin® Ok sin® B¢ sin2¢ |.

U the S parameters are translated into the P") parameters via

25 Si-
Py = 3 Piyses = Lot
I-Fr ST VFL(1 - F)
U the PO parameters are expected to have a reduced dependence

on the hadronic form factors.
 ATLAS and CMS need to fold the angular distribution
via trigonometric relations to reduce the number of free parameters
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Analysis strategy for B = K*uu

e Data collected in 2012 at 8 TeV with 20.3 fb' Run 1 data
e Measured in 6 (overlapping) bins of g2 in the range [0.04, 6] GeV?
e 4 sets of fits for three parameters (F_, S, and S, with j=4,5,7,8)

e Selection of triggers with muon p+ thresholds starting at 4 GeV
e K* tagged by the kaon sign:
e dilution from mistag probability included in (1-2<w>):
e <w> ~ 10.9(1)% with small dependence on g?
e 787 events selected with g < 6 GeV?
e Extended unbinned maximum likelihood fits in each of the fit
variants in each g2 bin:
e two step fit procedure: first fit the invariant mass distribution
e then add to the fit the angular distributions
to extract the F. and S(P) parameters
e Signal shape studies from control samples K*J/yp and K*y(2S)
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Fit projections

U fit m(K*uw), cosO, , cosBx and ¢ to isolate signal and extract
parameters of interest.

I

> T T T T
2 ATLAS (s =8TeV, 20.3 b
= 40- S5 fold, ¢? < [0.04, 2.0] GeV2 ]|
Al
E L
o 30— ¢ Data =
0 — Total Fit Model
TV e\ e Signal ]
o U LN Background
10 =
i ____________ | l l—
e 4 VRN
0 | | tteeeepieaeaa.. il
5200 5400 5600
My [MeV]
[o'e) 30 I I I
P ATLAS (s=8TeV,20.3fb" 4 Data
= | S5 fold, o? €[0.04, 2.0] GeV? —— Total Fit Model
% ----- Signal
L Background
L

Events/0.04 &

Events / 0.04

30

. | .
ATLAS (s =8TeV, 20.3 fb"
S5 fold, g? €[0.04, 2.0] GeV?

I T
¢ Data

—— Total Fit Model |
----- Signal

----- Background

30

LS5 fold, g2 € [0.04, 2.0] GeV?

T I T I T I
ATLAS Vs =8 TeV, 20.3 fb"

2 3
¢ [rad]
T I .
¢ Data
—— Total Fit Model —
----- Signal

----- Background

_ Data shown for
[0.04,2.0] GeV?
U projections
for the S; fit.
o Approx 106-128
signal events
in 2 GeV? g bin.
_ Similar results
for the other g2
bins and other
fit variants.
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L
(o

Angular analysis results
_ Results are compatible with theoretical calculations & fits:

1

<

D |
ATLAS

TS e-8Tev. 20317 1% 2EaTLAS R sTev.doatrd & 2 ls=8TeV, 20316
16p F —4- Data 1  15E —4- Data 3 1.5 -4- Data =
1.4F L CFFMPSV fit = theory DHMV 3 E theory DHMV

E theory DHMV 3 1= theory JC E 1? theory JC E
1.2:— theory JC E 0.55_ _E 0.5 | '_{_‘ =
1__ . C ] e ]
C ] Ok= { i + 3 O 3
0 8;_ _; -0 55_ _E —O.5§— —§
0.6 + 4 °F P i 3 '_{_‘ v E
—— S 1 3= & P'y| -
0 4:— B _1_5f_ _f -1.5 —
0.2 E E E - E
E 1 -2 P P | s —2F Ty I [P T -
00 ! 2' ——t 4||- ! L é ! I8 — 1|0 . 0 2 4 6 8 10 0 2 4 6 8 10

9 [GeV?] 9 [GeV?] o [GeV?]

2" 2 ATLAS  ls=8TeV, 2031

1 55_ P'5 —4-Data . _E

7 [GeV?] P, P, P, j: theory DHMY

[0.04,2.0] | =0.05+030+0.08 0.31+040+020 0.67+0.26+0.16 s e A

[2.0,4.0] | —0.78 £0.51 £ 034 -0.76+0.31+021 -0.33+0.31+0.13 051 :

[40,6.0] | 0.14+043+026 0.64+0.33+0.18 0.26+0.35+0.18 of e

[0.04,4.0] | —0.22+026+0.16 -030+024+0.17 032+021+0.11 oef E

[1.1,6.0] | —0.17+0.31 £0.13  0.05+£0.22+0.14 0.0l £0.21 +0.08 T :

[0.04,6.0] | =0.15+023+0.10 0.05+0.20+0.14  0.27+£0.19 + 0.06 -1 | | | | G

o 2 4 6 8 10
9 [GeV?]
OPE and LHCb data fit: CFFMPSV: Ciuchini et al.; JHEP 06 (2016) 116.
QCD factorisation: DMVH: Decotes-Genon et al.; JHEP 12 (2014) 125.
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Angular analysis results

o ATLAS gets deviations of about 2.50 (2.70)
from DHMV in P',(P's5) in [4,6] GeV?2

_ 10 B T ] T 1]
0. 2-ATLAS s =8TeV, 20.3fb"
S - - - ATLAS 1 CFFMPSV fit ]
© 25 ATLAS | Vs =8TeV,20.3 b 1.5 - LHCb theory DHMV
1.5F- ~4- ATLAS 3 - -+ CMS theory JC .
a ovs 1 1 - Belle =
- theory DHMV 3 - - s
: -# theory JC _% 050 P 5 _:
2 :*:_' E - o 9 ]
1 o T = :
p: Plald F :
1 05F - E
I I S SR ST = 1 n
?[Gev] -1 ]
B 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 n

0 2 4 6 8 10
o? [GeV”]

CFFMPSV: Ciuchini et al.; JHEP 06 (2016) 116.
DHMV: Decotes-Genon et al.; JHEP 12 (2014) 125.

JC: Jager-Camalich; Phys. Rev. D93 (2016) 014028.
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ATLAS

EXPERIMENT

ATL-PHYS-PUB-2018-041

£5) TD angular analysis of B, = J/y¢

Period L [fb7'] Niig fig TagPower[%] o(7)[ps] &3 [rad] Syt [ps™']
measured measured
(extrapolated) (extrapolated)
2012 14.3 73693 0.20 1.49 0.091 0.082 0.013
2011 4.9 22690 0.17 1.45 0.100 0.25(0.22)  0.021 (0.023)
0" [rad]
extrapolated
HL-LHC 3000
Trigger 66 9.72-10° 0.17 1.49 0.048 0.004 0.0011
Trigger p10p6 5.93.10% 0.17 1.49 0.044 0.005 0.0014
Trigger p10p10 1.75-10° 0.15 1.49 0.038 0.009 0.003
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Around and outside B physics...

Test of the universality of Tt and p in W decays from tt events

Muons from W and muons from tau distinguished using the lifetime of the T,
through the muon transverse impact parameter, and differences in the muon
transverse momentum specitra.

arXiv:2007.14040 [hep-eX]
Tag and probe approach: tag leptons A —

to select the events, probe muon ATLAS —=— LEP (Phys.Rept. 532 119)
from prompt decay, W - pv,, or _ ATLAS - this result
P ¥ y HVy Vs =13TeV, 139 fb’ Statistical Uncertainty

via intermediate T, W - tv; — HV, vV, . T Systematic Uncertainty
—e— [ otal Uncertainty
Di-leptonic tt events with either one
electron and one muon (e—u channel),

or two muons (u— channel).

098 1 1.02 1.04 1.06 1.08 1.
R(t/w)=B(W—-tv)/B(W—-uv)

R(t/p) = 0.992 + 0.013 [+0.007 (stat) + 0.011 (syst)]
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B physics at ATLAS

CP violation in the SM and NP: = oo
[ summen21
o i Amd
® B systems are giving us a rather :
precise picture 08I
2 However there is some space for NP " -
> Could appear as new contributions in 22— "t U
loop processes 2105, 4 SM 52 S =4
PP A,=Cq e - ‘A, o3
. (¢”P 02| AsM 203" 5_
A= 1+—L “r I AM @'t F
The ratio of NP/SM amplitudes need to be:  ~f P
= e - 10 p-ph]
e—m 105_ s-%L 7152—
5'_ L
CBS
oF + i
-5 : 202- dark: 68%
i Bd —40F BS
~10f ; SM: red cross
- 60
185 i 1I5 CI IS P R NS O
CB 0.1 0.2 0.3 0.4 0.5 0. 0 0.1 0.2 0.3 0.4 0.5 0.6
g ANPIASM ATAM
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