Recent results in b-physics with the ATLAS detector
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b hadron production at the LHC

* b hadrons (and anti-hadrons) are
dominantly produced through strong
interaction in pp collisions at the LHC

— Example: gluon-gluon fusion

— Large inclusive bb cross-section (~ 0.1 mb)

— All b hadron types including A, and B, are \

107 E

produced

» Unfortunately, it’s hard to efficiently
trigger on b hadron decays at the LHC

— b decay products have relatively low p;

— Rare hadronic final states swamped by
light hadron backgrounds

* [Exceptions

— Dedicated displaced vertex triggers
(for example, LHCb)

— Specific final states, e.g. including di-muons
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ATLAS detector and data sample

* Results based on 20 fb~! of 8 TeV CM pp collisions taken in 2012

* Di-muon triggers with varying thresholds depending on instantaneous
luminosity

I Muon spectrometer

25m

Tile calorimeters

LAr hadronic end-cap and
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2 new ATLAS b physics analyses

Angular analysis of B, = K* u u
(ATLAS-CONF-2017-023)

CP asymmetries in b decays using top quark pairs
(JHEP 02 (2017) 071)
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Angular analysis of B, — K™ u u

Rare flavor-changing neutral
current decay

— Loop/box diagram is
sensitive to new physics

— BR(B; 2 K*up =
(1.02+0.09) x 107

. . . w,d u,d u,d
Angular distributions

(0,, 0., and ¢) are analyzed < o
in 2 GeV? bins of the di-muon 1
C o , 0
invariant mass squared (q*)
‘79& By \9x
LHCb have reported a 3.4 o \
deviation from the Standard L
Model [JHEP 02 (2016) 104] H —
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Angular analysis of B, — K™ u u

o The decay angular distribution is given by

| - Fp

l d*r 9 |3(1-Fyp)
dl'/dg? dcos @y dcos Ogdpdg? —  32n 4
-F7 cos’ Ok cos 201 + 53 sin’ Ok sin’ 61 cos2¢
+S4 8in 20k sin 260, cos ¢ + S5 sin 20k sin 67, cos ¢

. 2 . . .
+S¢ sin” Bk cos 07, + S7sin 20k sin 6y, sin ¢

. 2 2 . 2
sin“ Ox + Fj cos” Ok + sin” g cos 260,

+Sg sin 260k sin 26y, sin ¢ + Sg sin’ Ok sin’ 67 sin2¢|. (1)

* ATLAS use trigonometric identities to determine I/, S; and S, (i = 4,5,7,8)

in 4 separate fits for each g° bin
« S, parameters are translated into the theoretically cleaner P(); parameters

=

254 7 S4,57.8
_P = P — bt I
oy 4,5,6,8 D)
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* Low-background, high-statistics K* J/w and K* y(2S)

Angular analysis of B, — K™ u u

control samples
g’ from 8-11 and from 12-15 Gel?

— used to extract nuisance parameters (mg, o,) of the signal

probability density function (p.d.f.) from data

B — K * J/L[J control sample

—e— Data

B — K * L/J(ZS) control sample

|

% - —e— Data
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Events / 25 MeV

Events /0.08

Angular analysis of B, — K™ u u

Simultaneous fit to cos 0,, cos O and ¢ distributions to isolate
signal and extract parameters of interest

— Mass p.d.f. parameters fixed to control region values
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20.3 b1 of 8 TeV pp
collision data

Analyze data in three g°
bins from 0.04 to 6.0 Gel?

— Data shown here for
0.04 < q> < 2 Gel~
overlaid with projections
of signal and background
p.d.f.s from the S fit

— 128 & 22 signal events in
this g° bin

— Similar results are
obtained for the other

o Jy
1 05 0 " e, g’ bins and fits
Total p.d.f (blue), signal (black) and background (red) contributions
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Angular analysis of B, — K™ u u

Results are statistically limited

— Fitvalues of I}, S;, and P, from the 4 fits are consistent with each other;
reported is the result with the smallest systematic uncertainty

q* [GeV?]

Fr,

S3

S

Ss

S7

A

0.04,2.0]
2.0,4.0]

0.44 +0.08 £ 0.07
0.64 £0.11 £0.05
042+0.13+£0.12

—-0.02 +£0.09 £ 0.02
—-0.15+£0.10 £ 0.07
0.00+0.12 +0.07

0.19+0.25+0.10
-0.47+0.19+0.10
0.40+0.21 £0.09

0.33+0.13+0.06
-0.16 £0.15+0.05
0.13+0.18 £0.07

-0.09 £0.10 £ 0.02
0.15+0.14 £0.09
0.03+0.13 +0.07

—0.11 £0.19 £ 0.07
041 +0.16+0.15
—-0.09+0.16 £0.04

0.04,4.0]
1.1,6.0]

[
[
[4.0,6.0]
[
[
[0.04,6.0]

0.52 +£0.07 £ 0.06
0.56 £0.07 £ 0.06
0.50 +£ 0.06 + 0.04

—-0.05+£0.06 +£0.04
-0.04 £0.07 £0.03
-0.04 £0.06 £ 0.03

-0.19+0.16 £ 0.09
0.03+0.14 £ 0.07
0.03+0.13+£0.07

0.16 £0.10 £ 0.04
0.00+£0.10+0.03
0.14 £0.09 £ 0.03

0.01 £0.08 +0.05
0.02 +0.08 +0.06
0.02 +£0.07 £0.05

0.15+0.13+0.10
0.09 £0.11 £0.08
0.05+0.10 £0.07

q% [GeV?]

P

P;

P

P

Py

[0.04,2.0]
[2.0,4.0]
[4.0,6.0]

-0.06 +0.30 £0.10
-0.78 £ 0.51 £ 0.42
0.00 +£0.47 £0.26

0.39+0.51£0.25

—-0.96 +0.39 + 0.26

0.81 +0.42+0.24

0.67+0.26 £0.16

—-0.33+0.31+0.13

0.26 +0.35+0.17

-0.18+0.21 £0.04

031 +0.28 £0.19
0.06+£0.27+0.13

-0.22+0.38+0.14

0.84 £+ 0.32 £ 0.31

-0.19+£0.33 £ 0.07

[0.04,4.0]
[1.1,6.0]
[0.04, 6.0]

-0.22+0.26 £0.16
-0.17+0.31 £0.14
-0.15+0.23 £0.10

-0.38 £0.31 £0.22

0.07 £0.28 £0.18
0.07+£0.26 £0.18

0.32+0.21 £0.10
0.01 £0.21 £0.07
0.27+0.19 £ 0.07

0.01 £0.17£0.10
0.03+0.17+0.11
0.03+0.15+£0.10

0.30+£0.26 £ 0.19
0.18+£0.22+£0.16
0.11+0.21 £0.14

 Dominant systematics come from uncertainties in the background

— partially reconstructed decays with open charm and incorrect Kn
combinations (fake K*)

—  Km S-wave contributions results only in small systematic uncertainty
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Angular analysis of B, — K™ u u

o ATLAS results are compatible with theoretical calculations and fits
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Angular analysis of B, — K™ u u

o ATLAS results are compatible with measurements from other experiments
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Angular analysis of B, — K™ u u

o ATLAS results are compatible with measurements from other experiments

iv‘ 1_. T T I T T T
- e LHCbdata o ATLAS data

u:-._ = Belledata © CMS data
0-5;',, SM from DHMV
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Recent CMS results for P, and P’5 also agree with SM predictions (CMS PAS BPH-15-008)
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CP violation in b decays using top quark pairs

*  Measure same sign (SS) and opposite sign (OS) lepton pairs in top

quark pair events to determine mixing and direct CP asymmetries
from observed N **, N ==, N "~ and N ~" rates (N1((")a(it)))

7N
I + \
( l /}

(o]

M can originate from
b or c quark decay

kL
n T(o—=b—=("X)-T(b—=b—("X) A Tb—=X)-T((—(TX)
X N5 (FX)+T (b= b— -X) O T(b—X)+T (b X))
e T(b—=0—=2X)-T(0—b—cX) Age:F(E_)(?_XL)_F(C_)€+XL).
XD (h5b—7X) 4+ (b—b—cX) o TE= X)) +T (e = 07 XL)
Based on idea by Gedalia et al., Abe :F(b%CXL)_F(E_)EXL)
Phys. Rev. Lett. 110, 232002 (2013) WP —eXy)+T (b—2X1)’
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CP violation in b decays using top quark pairs

o Standard top reconstruction for semi-leptonic tf events

* Require 2 leptons in an event
— Hard lepton from W tags the b flavor at production through t — bW+ — b [* v
—  Soft muon tagger (SMT!) constrains the b decay chain

Same sign leptons Opposite sign leptons
t> Ly (b—=b) »etet X, t > Ltvb— LT X,
ts v (b—c) o etetx, to>ltv(bob—oc) 2 LM X,
t—s v (b—sb—=ce) -0t X, t—=ltv (b—ce)—=LMe X,
— Fully reconstruct it candidate with KLFitter? e Pb—(t)y—P(b— ()
P(b—>€+) o N (b—)€+) - N++ o N+t o P(b_) [+)_|_P(5_) [—)
N )— N +y N+ 4+ N++ N+ ° _
’\(b—)[)_+7\(b—>() NT= + N N P t)—P([G— )
_ N ((b— ) N—~ N—~ - — 5 — 0+
P(b—(7)=—= - — ‘ Pb—{(-)+P(b—(*
( )=~ b—(-)+N@B—(+) N-—+N-—+ N-° ( )
- N (b— ) N+ N+ Relate charge asymmetries to
P(—t7)= N(b—o(-Y+N(b-o+t) N+—+N++ N+ mixing and direct CP asymmetries
( ) ( ) g V
_ " N (5 — [+) *T\.T_‘*‘ 17\.'*—+ A% = TbA?ﬁix +Te (Alc)ﬁr - Accll;r) + Tee (A?Six - Agfr)
P(b—7¢ = — = = R
O ) = R ) TN G ) NN = N ol 47 (Al 4 A5) + e
T Soft Muon Tagger, ATLAS Collaboration, JINST 11(2016) P04008 r's are decay rate fractions
2 Kinematic Likelihood fitter, Erdmann et al., NIM A 748 (2014) 18 in the fiducial volume
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CP violation in b decays using top quark pairs

* Good agreement between etjets pitjets
expected and measured event | WW, Wz, WW 50 =7 4 +£5
yields Z +jets 800 + 80 450 + 60

o o Multijet 1800 +1400| 1500 = 330

* ~ 380 % signal purity in Single top 1800 + 150 2000 =+ 150
selected sample of tt W +jets 2500 + 160 | 2800 =+ 150
candidates tt 30 000 =+ 1900 | 34 000 =+ 2000

Expected 37000 =+ 2600 | 41000 =+ 2 300
Data 36 796 40 807
% 5000:— | | | I ATLA'S' (. ) _: % 10000— ) I | I ATLA'S' (. ) —]
g g wiotschannel = O so00 sjets channel - —
= % } Data = S u } Data =
~ a000F [Jttm =1725Gev~ 5 00 [t m_=1725 GeV -

w - I Single Top - @ I Single Top

.9 2000 Wadets b 4000— Waidets ]
-— = Il Other Bkg. = c - Bl Other Bkg. —
Lﬁ 1000[ [l Uncertainty - L 2000— Il Uncertainty —

O 0: : : : - = O 0L . m——— -
1.2 . ' ' ' '

= 1—+WWMWMWW++WWM%H+J . | s L ++wmmmw-f++mmmﬁ++-wmmhMJT

& 08C - - s . . ] E 0.8} . J _ ~+ . _

8 77 ‘btaggedjetp [GeV] & " T “sSMTmuonp, [GeV
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CP violation in b decays using top quark pairs

* Measured charge and CP asymmetries are

—  Determined with %-level uncertainties

— Consistent with zero and SM predictions

Data (10=%) MC (10~%) |Existing limits (20) (10~2) SM prediction (10~2)
A | —0.7 £0.8 0.05 +0.23 - <1072 [19]
A% | 04 £05 —0.03 +£0.13 - < 1072 [19]
Ab. | —25 £2.8 02 +0.7 < 0.1 [95] < 1073 95, 96]
A% | 05 +£05 —0.03 +£0.14 < 1.2 [94] < 107° [19, 94]
A¢. | 1.0 £1.0 —0.06 +0.25 < 6.0 [94] < 107° (19, 94]
Al 1—-1.0 £1.1  0.07 +0.29 - <1077 [97]

[19] Gedalia et al. Phys. Rev. Lett. 110 (2013) 232002
[94] Decotes-Genon et al., Phys. Rev D87 (2015)

[95] HFAG, arXiv:1412.7515

[97] Bar-Shalom et al., Phys. Lett B694 (2011) 374
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Conclusions

» Presented two recent ATLAS results in b physics

— Results of angular analysis of rare decay B, — K* u u are consistent
with the SM and show no evidence of new physics (ATLAS-CONF-2017-023)

— Measurements of direct and mixing CP asymmetries in b decays from
it pairs are consistent with zero and the SM (JHEP 02 (2017) 071)

o Since 2015 ATLAS is taking data at 13 TeV (Run 2),
expect more heavy flavor results in the near future

— Higher b pair cross-section ‘s 0.16] ATLAS Simulation
. . ) Preliminary —— Runi 8 TeV

— Improved decay time and vertex resolution %014 e Ru2(ey BTV

C —&— HL-LHC (ITk inclined) 14 TeV ]

from new Insertable B Layer (IBL) 0-12F :

N . : . 04 7 .

— Commissioning topological di-muon trigger vos |

(pr and opening angle) oo e T, E

— Expect about 100 fb~! by end of 2018 00aF TeLlte il

0.02f- ""l"-l---i

1111 | | - | 1111 | 1111 | 1111 ‘ | | 1 | 111 I_
10 20 30 40 50 60 70 80 90 100
p.(B) [GeV]
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Angular analysis of B, — K™ u u

* Recent result from CMS for P, and P’s agree with SM predictions

(CMS PAS BPH-15-008)

¢* (GeV?) | Signal yield P, P
1.00-2.00 80+12 40127075 +£0.06 +0.107037 +0.12
200430 | 145416  —0.6970354+0.09 —0.57703; +0.15
430-6.00 | 119+14  +0.537033+0.18 —0.967057 £0.16
6.00-8.68 | 247421  —04770274+0.13 —0.647015+0.14
10.09-12.86 | 354423  —0.537020+0.14 —0.69101} +0.23
14.18-16.00 | 213+17  —0.337073+0.22 —0.661025 +0.19
16.00-19.00 | 239+19  —0.537013+0.13 —0.561013+0.07
a _CMS Preliminary 20.5 fo ' (8 TeV) 15 CMS Preliminary 20.5 fo' (8 TeV)
SE [ ( SM-DHMV ) & : [ ¢ SM-DHMY )
o5F ( SM-HEPfit ) E (SvHEPTL)
= —— CMS 74 —o— LHCb
2 - —— LHCb \\ —x— Belle-preliminary
1.5F 0501
13 of- }
0.5F 1 -
oF 051 ,.4: ﬁ@ﬁ
0.5F .—%: N - \
: AERRE S _1__
e -
15:..I...I...I...I.- I AT BRI BT 15_. Loy vy | SETE TN B R A
0 2 4 6 8 10 12 14 16 18 20 0 4 6 8 10 12 14 16 18 20
q° (GeV?) 9 (GeV?)
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CP violation in b decays using top quark pairs

o Same-top (top) and different-top (bottom) NV rates

%) C ] %)

D s000— - ATLAS — o ATLAS 4

S E W =8 Tev, 20317 | = fs=8TeV, 20317 -

5000 — L e+jets channel - — ji+jets channel E

Wy pay + oo ] " + oata ]
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3000 — I Single Top j = I Single Top 3

2000" Same-top like - ‘:‘L‘"‘; ) i haae ¥ Same-top like - x:"“; ) E

. er BKg. - . er Bkg. -

= Charge asymmetry input / 1 Uncertainty :i 2000 Charge asymmetry input i Uncertainty |

J =

O i O ‘

p= p= e ——
3 03
(1] ©
(] 0

o) 0 4

) ATLAS o ATLAS —

= js=8 TeV, 20.3 b = js=8 TeV, 20317 -

C e+jels channel - C B p+jets channel —:1

L ¢ Data — L 4000 ¢ Data =

= u, m,=1725 GeV - [, m, =1725GeV —

3000 — B Single Top = 3000~ I Single Top —

= Walets - = Welets =

- Different-top like -1 = Different-top like =

2000 - Charge asymmetry input I Other Bkg. - 2000 Charge asymmaetry input I Other Bkg. =

| ! Uncertainty = { ! Uncertainty =

1000 p——— | 1000 pm—— =

; E————— 3

Q 12— - Q 12— -

08
© N N- N- N © N N- N- N
0 0
(a) e+jets channel. (b) p+jets channel.
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