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These slide give — for reference - a
complete overview: will not discuss

» Introduction everything in detail!
« Run I RGSlﬂtS Will not cover (among others):
Production & Decay
e The ATLAS detector
Spectroscopy

e Detector upgrade
Rare Decays

. . Apologies for the neglected areas!
CP Violation

» (Some) prospects for Run II

All results available at: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults




Public ATLAS HF Results

new Cross-section measurement of Y(2S) = JAP (= p+u-) e at Vs = 7TeV 2.1 fb-1 JHEP 09 (2014) 079 Link ATLAS-CONF-2013-094
new ¢gand AT from flavour tagged time dependent angular analysis of Bo_ — J/y $ 4.9 fb-1 Phys. Rev. D 90 (2014) 052007 ATLAS-CONF-2013-039
new Observation of an excited Btc meson state with the ATLAS detector (4.9+19.2) fb-1 Accepted by PRL -

NEW Measurement of X¢4 and X production at vs = 7TeV 4.5 fb-1 JHEP 07 (2014) 154 ATLAS-CONF-2013-095
new Measurement of the parity violating asymmetry parameter a, and the helicity amplitudes for the decay A 0— J/y A0 4.6 fb-1 Phys. Rev. D 89 (2014) 092008 arXiv:1404.1071 Link ATLAS-CONF-2013-071
NEW Associated production of prompt J/(y mesons and W boson in at Vs = 7TeV 4.6 fb-1 JHEP 04 (2014) 172 ATLAS-CONF-2013-042
Production cross section of B+ at Vs = 7TeV 2.4 fo-1 JHEP 10 (2013) 042 ATLAS-CONF-2013-008
Inclusive Y(nS) differential cross sections and ratios 1.8 fb-1 Phys. Rev. D 87 (2013) 052004  arXiv:1211.7255 Link -

¢ and Al from time dependent angular analysis of Bo, = Jiy $ 4.9 fb-1 JHEP 12 (2012) 072 -

Measurement of the A, lifetime and mass 4.9 fb1 Phys. Rev. D 87 (2013) 032002 arXiv:1207.2284 | ATLAS-CONF-2012-055
b-hadron production cross-section from D*pX final states 3.3 pb-1 Nucl. Phys. B864 (2012) 341-381  arXiv:1206.3122 Link

Search for the decay BOs = Uy 2.4 fb1 Phys. Lett. B713 (2012) 180-196 arXiv:1204.0735 Link ATLAS-CONF-2012-010
Observation of a new ¥, state in radiative transitions to Y(1S) and Y(2S) 4.4 fb1 Phys. Rev. Lett. 108 (2012) 152001 arXiv:1112.5154 Link

Y(1S) Fiducial Production Cross-Section 1.1 pb-t Phys. Lett. B703 (2011) 428-446  arXiv:1106.5325 Link

Differential cross-sections of inclusive, prompt and non-prompt J/§ production 2.3 pb-t Nucl. Phys. B 850 (2011) 387-344  arXiv:1104.3038 Link

D*+- production in jets 0.3 pb-t Phys. Rev. D 85, 052005 (2012) arXiv:1112.4432 Link

Inclusive production of electrons and muons (b/c cross section) 35 pb-1 Phys. Lett. B 707 (2012) 438-458  arXiv:1109.0525 Link

Centrality dependence of J/ production in heavy ions collisions 6.7 pb-1 Phys. Lett. B 697 (2011) 294-312  arXiv:1012.5419 Link

This is an incomplete list: cannot possibly cover all this in detail... sorry!

A. Cerri - University of Sussex 2014/10/03




HF Data Collected by ATLAS

» Excellent Run I LHC

o Trigger: mainly di-muon
(4+4) and (4+6) GeV
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Three (two?) main areas of investigation:
HF as probe of QCD processes

Constraining the HF sector in the SM
Closely related:

HF in searches for new physics will discuss
together!



Production & Decay
O




HF Production

colour-singlet st?/ red
N mnti—red
» Crucial QCD test

- CSM with NLO and NNLO* improvements
- Color Octet Model (NRQCD) with LO and

+ other colour
combinations

NLO colour-octet stay %‘ e
- Other models: CEM / k; factorisation % fb%ﬁ/non-pert. o
N o 00 (gluon emission)

to the observable state
Quantum numbers change

HF/LHC probes novel (high) p; regime

z » Polarization

4 - Discordant theoretical predictions and
ambiguous experimental results

quarkonium
rest frame

production

- Important source of exp. systematics in
several production measurements

LHC: high statistic, broader p; coverage

A. Cerri - University of Sussex 2014/10/03



qq Production Measurements

_ Open flavour
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Probe:

e high P (>40GeV) region

e small spin alignment effects

o feed-down effects

e onia and b-hadron production
models




Binned Differential 0 Measurements

9
d*o(pp — Q + X) NQ 2 pu
. B,r _> — corr
dprdy Q= u) L Apr - Ay

NQ—=pp

corr

L : integrated luminosity corresponding to the sample
Apr(y) : interval bin of the differential variable

: signal yield corrected for efficiency and acceptance

Signal yield: unbinned
maximum likelihood

] (0)
fits = o, ~ few %

: : _1
correction weight: w = (€4 - €, * €trig. - A)

e(p™ mW) efficiencies — data driven methods to

reduce uncertainties (e.g. tag and probe)

A(pr y) acceptance corrections [recover full phase
space, esp. @ low P;] = simulation

Total systematic uncertainty ~(5-10)%
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Binned Differential 0 Measurements

2o (pp — Q + X) N Signal yield: unbinned
pr— - Br(Q — pp) = L-Apr Ay maximum likelihood
. - 0
NG #i - signal yield corrected for efficiency and acceptance 15 = g, = o000
L : integrated luminosity corresponding to the sample
Apr(y) : interval bin of the differential variable

: : 1
correction weight: w = (etrk €yt €Etrig. A)

Total systematic uncertainty ~(5-10)%

A. Cerri - University of Sussex 2014/10/03



Binned Differential 0 Measurements

11
2o (pp — Q + X) N Sign.al yield.: un.binned
- Br(Q — pp) = maximum likelihood
dprdy L Apr - Ay fits — fow O
NO7ui - sional yield corrected for efficiency and acceptance 15 = Ogtar 7 IEW /0

L : integrated luminosity corresponding to the sample
Apr(y) : interval bin of the differential variable

: : _1
correction weight: w = (€4 - €, * €trig. - A)

JHEP 09 (2014) 079
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Acceptance variations may reach ~(10-30)%



qq Production Measurements
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A. Cerri - University of Sussex 2014/10/03
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JHEP 09 (2014) 079

Prompt production:
e Good agreement with CMS and LHCb
o Sensitivity to the new high p territory



B(y(2S)—Jhy(—u'w) n*m)- fe¥@/dp. /dy [nb/GeV]

Y(2s) Production —

14
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ATLAS Non-prompt y(2S) data
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Non Prompt production:
e Good agreement with CMS and LHCb
e Sensitivity to the new high p; territory
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Non Prompt production:
e Good agreement with

@ ~all py

JHEP 09 (2014) 079

CMS and LHCb

e Sensitivity to the new high p; territory
e Good agreement with predictions



JHEP 09 (2014) 079
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systematic
uncertainties

Extended |y| range

Qualitative agreement
with CMS

Important input to
onia production
models



JHEP 04 (2014) 172

i single p trigger : pthr > 18 GeV
« Test ccbar production models R WI)

» Probe for Higgs/BSM physics (W)
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, single u trigger : pi" > 18 GeV
» Test ccbar production models (W)

» Probe for Higgs/BSM physics (W)
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W+J/yp Production

» Test ccbar production models

20

single p trigger : p

1 PoWHIY)

« Probe for Higgs/BSM physics

JHEP 04 (2014) 172

> 18 GeV
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» Test ccbar production models

1

JHEP 04 (2014) 172

single u trigger : pi*" > 18 GeV
P2gW+I1/P)

» Probe for Higgs/BSM physics (W)
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qq Production Measurements
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A. Cerri - University of Sussex 2014/10/03
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Y. Production

I ! I !
§ ATLAS Prompt 1y"| <0.75 § ATLAS Prompt Iy"| <0.75
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More problematic (at all p;) for current k. / CSM predictions

A. Cerri - University of Sussex 2014/10/03
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Y. Production

T y —
§ ATLAS Non-prompt |y <0.75
5 TE s=7Tev ILdl=4.5lb" 4 Datay, E
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More problematic (at all p;) for current k. / CSM predictions
Non-prompt production in agreement (limited p/statistics)

A. Cerri - University of Sussex 2014/10/03
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More problematic (at all p;) for current k; / CSM predictions
Non-prompt production in agreement (limited p/statistics)
Production is mostly prompt (contrary to J /y and yp(2s))
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. Production: Relative y./J/yp and y./ .

Fraction of prompt J/y
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Similar conclusions on CSM predictions

A. Cerri - University of Sussex 2014/10/03




qq Production Measurements
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PRD 87 (2013) 052004

Y(ns) Production
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PRD 87 (2013) 052004
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Y(ns) Production
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» Separation of Y(1s,
25,3S) In mass

o Cross sections:

Absolute Y(1s)

Relative Y(2s)/Y(1s)
and Y(3s)/Y(1s)

 Disagreement with theory
(NNLO CSM & CEM) at high p;
(where spin-alignment and
feed-down effects are less
important)



Open Charm

» Charm production

In Jets

31

D*+—DOr+, DO—=K-1r*

ATLAS-PHYS-PUB-2011-12

LO+ py/angular ordered model inconsistent, esp. at low z
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ATLAS-PHYS-PUB-2011-12
PRD 85 (2012) 052005

Open Charm

R T
L (f) « right charge combinations |

1 500? -+ wrong charge combinations |

Entries / 0.5 MeV
o
T |8v T

i ? p, >25GeV |
' ATLAS z>03

)]
o
o

o Charm production

. In Jets o 20 30 a0

Am [MeV]

LO+ py/angular ordered model inconsistent, esp. at low z
. Inclusive: p° - k—7+, D* - K-r*a+, D*+ — DOr+

400 -

3‘ rTrprrrryprrr[rrr[rrrrrrrr o T ;‘ L L I. T .I LENLENLEN I ‘7| LANLI I B BB L LB -I T ]
e ATLAS Preliminary \s=7TeV L, =1.1nb" 3 ATLAS Preliminary \s=7TeV L, =1.1nb" -
ﬂ: 350 e Data 2010, pT(D**)>3.5 GeV g 102 e Data 2010, n(D*)|<2.1 =
o) 300 == GM-VFNS, only charm ---» MC@NLO = F == GM-VFNS, charm only 3
£ - FONLL e POWHEG-PYTHIA *g 7 PR FONLL ]
g2 2 10 S MC@NLO _:
3 o g POWHEG-PYTHIA 3
200 ° N ]
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100 i ]
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(D)

All consistent with models based on perturbative QCD with large theory uncertainties

A. Cerri - University of Sussex 2014/10/03




Open Beauty

% F1 L T LA N RS
8 1400k ATLAS \s=7 TeV, [Ldt=2.4 16" ]
— - —e— Data N
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@ - [ Total background i
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200~ -

B*— Jiy K*

oM 2 53 54 55 56 57 58
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d*c(BT + X)
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dprdy D0 IYHED

pg,ﬂBJr) > 9 GeV, |y(B+)\ < 2,25
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—
Q
n

do(pp—B'X)/dp, [ub/GeV]
=)

do(pp—B'X)/dy [ub]

Results consistent with available production and
fragmentation predictions
...tend to undershoot data?

JHEP 10 (2013) 042
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NPB 864 (2012) 341

Open Beauty in Jets

15 L*i
- * m(D’p) [GeV]
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observed rates
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i (H,) several MC models



Sub-set of non-prompt yx,

candidates

J/WwK* used as control/

reference

BR(B*—y,,K*)=

4.9£0.94,1£0.64 X107
Good agreement and big

improvement wrt

previous hadron collider

measurements

Uncertainties statistical
— expect improvements!

Weighted pu*uyK* Candidates / (0.025 GeV)

N
o
o
o

JHEP 07 (2014) 154
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CDF (15.5 £5.75) x 10™*
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2||
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PRL 108 (2012) 152001

» First particle discovered at

Observed bottomonium radiative decays in ATLAS, L = 4.4 B

the LHC! S [anas :
: Oro6f- M BB threshold_]
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arXiv:1407.1032, Accepted by PRL

Open Beauty: the observation of the B_(2s)
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A. Cerri - University of Sussex

2014/10/03




Ay Mass & Life

> N D R L (7))

o 800 L.t pe 1= I 5

s - ATLAS m,, ~5619.7+0.7 MeV - @ ©
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- i e
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- -+ Background
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PRD 87 (2013) 032002
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A. Cerri - University of Sussex

2014/10/03



Flavour Observables and
Searches For New Physics
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PRD 89 (2014) 092009

Parity Violation in Ay, —J /(pA°
g

] i
w(cos@)=§(1-|—oéb'P°COSe) 4 i 3}
A "<p
: p )
oA

Violation not maximal = |a|<1

A helicity frame
P A

o 7]
' =) L -

5 ’, 3 60 ATLAS ‘ A+ R, 3
Y, Ny rest frame oF \s=7TeV, j Ldt=461b abbesi-o'ao ]

X
o
=}

I

12, (00)=3.15 _

e Measure moments (F,) of
the angular distribution

e Minimize:

'
‘/ ”+

poheiciy fame X2 = D D ((FA — (F) V3 (F) o= — (F)), T .
i
Four possible helicity amplitudes: —
Amplitude  Ajm M ap = 0.30 £ 0.16(stat) + 0.06(syst)
a; 0 1/2 |
2 0 12 econsistent with = 0.05+0.174+0.0
by 1 12 Oppcg= 0-05+0.17+£0.07
b 1 1/ ® apyoer=0-78 and o ocp=-(0.14+0.17)
s +la_f? + sl + b2 = 1. *Ongoing analyis of 2012 data

A. Cerri - University of Sussex 2014/10/03



ATLAS-CONF-2013-038

NP in B;—= K o(K=n#)utu

» b—sll transition

SM: loop-mediated =BR=1.1x10°

« Sensitive to BSM contributions

L N B e N B | L B N N B L WL

E 2205— ATLASPrleIimina;ry \Is'=7+eV E M_ \
Agg: Lepton forward/backward asym. 5 2% coscev<g<iomaev [La-ssn’ .
2 oof _ \
% c c c £ 160 —=Dan
F;: K'° longitudinal polariz. & 140 i

120:— — Total fit
« ML Fit to angular distribution = oot
. . 60F-
(Agg,Fp) in g2-intervals W AN
q2<2 GeV? statistically limited 8655065"51003200"5300 5400 5500500 5700
Removed y(ns)— pu(y) R m(Kapp) [MeV]
T : ARRRARRSAS AL ARRFSSEARAS
N,;,=466+34 Ny, =1132+43 09E <F(g?)> v 3
0.8 o} atias .
B R R S -3 ' o 3 Stat. dominated =
< osb <Ag5(9%)> = { Dt improve with &
o5 T W | £
“H | ) UAE 04% 4#__‘2 Ongoing analysis of 2012
0.2 + ] = =
B DAL ;} data
02 e 0.1F 3 | (more data, improved fit)
'0'4;_ _E_fﬁﬁs_; OE.H|...|..||...||..|...|...|.|.|..‘|...E
06F o 0 2 4 6 8 10 12 14 16 18 20
08F = 3 @ [GeV?]
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ATLAS-CONF-2013-076

NP in By = pp

» Highly suppressed in SM

« SM BR(BS — },l},l) = (3.27:|:O.27) X 1079 [Buras et al., EPJC72(2012) 2172]
. CMS+ LHCb measure BR(BS - HH) = (2 .9 0. 7) X lo_g[arXiv 1307.5024, arXiv 1307.5025]

S

Y

w- 1’

20

« Sensitive to BSM contributions

BR (B4 — 1) < 0.7-10° (95% CL)

- BR =" ;BRLHCb+CMS(B;}li'Lﬂ+#
- R=BR(B;—up)/BR(B,— ) T 1o b
- ATLAS, 5 fb: =
. Fully blind analysis o |
- B*—J/yK* as reference mode - s
- Data-driven BDT training: distinguish S/B_ . csonant YR w 2

- Single Event Sensitivity: (2.07+0.26427) %109

30

40 50

109 % BR(B, — ptp~) [D- Straub arxiv

1205.6094]

LI S

- Main systematics: BR(B+), f,/f, and €A ratio 3 : WU
BR(B,—pup)<1.6x108 @ 95% CL €y 10
Ongoing analysis of 2012 data: | v
e 20 fb™ of data, similar acceptances and € as 2011 L peLATAs P
. . i E \s=7
e Improved fake p rejection | o
e Mass-dependent S and B models in BDT bins R —

—§-oo-mucu

««+ Expected CLs - Median

-swucuqn

T T T T

il

| Expected CLs £ 20

pol

5
BR(B? — pw) (107



PRD 90 (2014) 052007

NP in B.—J/ypd

Q— 19

Bg u,c,t n, c, t Bg

.

« Sensitive to Af=2 (¢,,Al',)

» arXiv 1407.1796, PRD: 2™ version of 2011 analysis,

including flavour tagging

. Fit: mass+lifetime+angular variables
+initial B, flavour

3 2000 T A AR AR RARCS 2 T T T T e
R —— Total Fit .

= 1goof ATLAS g 1o T Total Sgnal ;

9 1600 S TR Snal

_\g ‘2 — = Total Background

$ 1400 o 100 [\ Prompt J/y Background -

@ w ATLAS |

Tagger Tagging Power [%)]
Combined p 0.86 = 0.04
Segment Tagged pu 0.15£0.02
Jet charge 0.45+£0.03
Total 1.45+0.05

(fit-data)/o

L hbORLOan W

& d0 12

515 52 525 53 535 54 545 55 555 56 565

Ny
(=]
N
&
@

B, Mass [GeV] B, Proper Decay Time [ps]

Mass fit projection Proper decay time t
forB° = I/ @ estimated by

A. Cerri - University of Sussex

2014/10/03




PRD 90 (2014) 052007 ‘._ ...... G a
NP in B.—J/wp  srwef  pers

o v 9
« Sensitive to Af=2 (¢ AT

» arXiv 1407.1796, PRD: 2™ version of 2011 analysis,
including flavour tagging

Tagger Tagging Power [%)]
. Fit: mass+lifetime+angular variables Combined 51 086001
+1n1t1al Bo ﬂavour Segment Tagged pu 0.15+0.02
¢’ =0.12+025+0.11 Jet charge 045 £0.03
Total 1.45+0.05

Al =0.053+0.021+£0.009

K]

8 014} ar constained 0> 0 ool . Previous (untagged) Analysis
— T T T e
— ATLAS = 08% G.L. . ‘D .14 5, constrained to 2.95+ 0.39 rad — 68% C.L. -
3 0.12 \s=7TeV & Standard Model | 2 T, constrained o > 0 --'90% C.L. ]
s AT = 2|1 |c08(0,) - ® L -+ 95% C.L. 1
] = 012 aTLAS & Standard Model
b \s=7TeV = AT, = 2/l pplcos(9,)-

0_1:_ _[Ldt-4.9fb" ]

0.08- L




Combined Results

46
LHCb 1.0fb™" + CDF 9.6fb"'+ D@ 8fb™" + ATLAS 491~
H'_‘0.25:f""I:,""I'\'\"'I'"'I""I""-I:
| - Do HFAG & |
0 = ) . -
(@R 0.20 C N K i
n s :' \ 68% CL contours 7 combination not including
- - : : (AIOgE =1.15) - CMS grsséisﬁl:;ms
4 0.15 [ '\ E LHCDb "1 whichis superimposed
B , CMS (20 fb»1)':',,\ i ¢ = —0.03+0.11(stat) £0.03 (syst) rad,
010 —_ \"‘:.—' /@L‘Combined _— AT, = 0.09 0014 (stat) £0.007 (syst.) ps~"
o \CDF ‘sM . e
0.05¢ * /ATLAS :
0 —I l 1 1 1 I ——————— I_-_ 1 1 I 1 1 1 1 I 1 1 1 1 I:
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
2 ®5°% [rad]

o CMS result overlaid “by hand” (sorry!)
» Not the final word from ATLAS: 2012+2011 result coming soon!



Run II Prospects

. Increased statistics

« B physics program will continue in Run II

ATLAS-PHYS-PUB-2013-010

. Improved detector performance (e.g. ct resolution)
- Improved trigger strategies
- No degradation of performance expected with increased &

» Example — ¢,

2011 2012 2015-17 2019-21 | 2023-30+
Detector current | curent 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 pr thresholds, GeV 4 -4(6) 4-6 6-6 I1-11 | 11-11 11-11
Signal events per b~ 4 400 4320 3 280 460 460 330
Signal events 22000 [ 86400 [ 327900 | 45500 [ 114000 | 810000
Total events in analysis 130 000 | 550000 | 1874000 | 284 000 | 758 000 | 6 461 000
MC o(¢) (stat.), rad 0.25 0.12 0.054 0.10 0.064 0.022

A. Cerri - University of Sussex

2014/10/03




Conclusions

A. Cerri - University of Sussex

» Rich and varied HF physics program
. QCD

Flavour
New Physics

» Few highlights:

Discovery of x;,(3P)

Heavy b-states: B, A,

- Observation of B_(2S)

Best (at time of publication) measurement of A, lifetime
J/w, X., Y, B, D... cross sectlons up to p;~70 GeV

“Semi-rare” B—K*uu
Rare decay B.— uu . 2012+2011 combined
. D ] ol
CP violation in Bs_' J /ll) C|> results coming

P

More to come from Run I data, and new exciting results ahead in Run II

2014/10/03
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Key Performance Aspects

 Tracking efficiency: €., =99%

L L
0F ATLAS

» Mass Reconstruction s oo Jorrsa
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