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General purpose detector Calorimeter System

EM and Hadronic energy
Liquid Argon * LAr EM barrel and EC

Muon detectors Tile Calorimeter Calorimeter «  LArHad. Barrel
« Tile Calorimeter (Fe-Scin.)

l I hadronic barrel
— |3 7 = ' Y

Muon Specrometer

Toroid Magnets

Precision u tracking:
* MDT (Monitored Drift Tubes)
+ CSC (Cathode Strip Chambers
Trigger: \
+ RPC (Resistive Plate Chambe}
+ TGC (Thin Gas Chamber)

Inner Detector (ID)

Tracking
2T Solenoid Magnet Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
« Silicon Pixels, 50x400 um?

« Silicon Strips (SCT), 80 um stereo

» Transition Ratiation Tracker (TRT) 36 points/track
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The ATLAS Experiment

« Triggering |n| < 2.4 B-Physics
* Precision Tracking [n| < 2.7

Muon Specrometer

Inner Detector (ID)

*p;>04GeV, |n<25 * Resolution in m,,, : around 50 MeV for J/y

* New for Run2: Insertable B-Layer (IBL) and 150 MeV for Y(nS)
an additional inner-most pixel layer * Resolution in b-hadron proper decay time around
(r = 33mm) and lower x/X, beam pipe 100 fs (no IBL, ~30% improvement expected)
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Total Integrated Luminosity [fo

Peak Luminosity per Fill [10 * cm2 s

Data Taking

7 TeV data, 5.08 b
50ns, 3.7x10*¥cm?s™

8 TeV, 21.31fb™
50ns, 7.7x10¥cm?s™

13 TeV, 3.91b™
50/25ns, 5.0x10** cm?s™
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K ATLAS B-Physics Programme

« ATLAS B-physics programme includes precision measurements (rare decays,
b-hadron decay properites, CPV), heavy flavour production (b-hadrons, quarkonia,
associated quarkonia producion) and spectroscopy (new states and decay modes)

Mostly in exclusive decays with single/di-/multi-muon final states, which allows to trigger
low-p; objects

« Only recent results (since last La Thuile) to be presented:
Jhy and y(2S) production at 7 and 8 TeV ‘
J/w non-prompt fraction at 13 TeV
D-meson production at 7 TeV o e
f/f4 fragmentation fractions at 7 TeV | =
Observation of A, = y(2S)A° TETET) b o *1‘
Study of B, —» J/wD/" decays | "
CPV analysis in B, —» J/w¢ decay (full Run-1 data)

B-hadron reconstruction at 13 TeV ~/Q
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B-Physics Trigger

Datasets (pp): 7 TeV data, 5.08 fb 8 TeV, 21.3 fb™ 13 TeV, 3.9 fb"
50ns, 3.7x10*¥cm?s™ 50ns, 7.7x10¥cm?s™ 50/25ns, 5.0x10*cm?s™

« 20/40 MHz collision rate — ~400 Hz recording g ok W' v em ATLAS Preliminary -
o C EF_2mud_Jpsimumu -
0 B EF_2mud_Bmumu 7
» B-physics concentrates on low-p; di-muon 2 10°F o, IR ) -
. = F \1j EF_mudmus_Bmumu 3
signatures: 5ol Somme s E
- Quarkonia: JAy - up, Y — uu, etc. 4?
10 = =
- Exclusive B —» J/y(un)X decays -
: 10° -
- Rare and semi-rare B — uu(X) decays = 5= 7Tev :
. . I AN I Y O T [ S SN SO N SO EN
« Trigger on low-p; (4,6 GeV) di-muon 2 4 6 8 10 12 14
m,, [GeV]
- 2muons at L1 (HW-based) N
] . § ~ATLAS Pre!iminaryJ/lp (nS) ]
Confirmed at HLT S 107 fLdt=32 i WP, (1) >4 eV, p (n) >4 Gev
- Track vertex fit and mass cuts at HLT E 1065 e =13Tev - =zz*‘j:z Zz“;:zz ;
i) = I‘ Tpl > eV, Tug > e =
. . . ' e E ‘ Single muon trigger: p. () > 20 GeV =
« 8 TeV data: low-p; maintained introducing E b \k Supportng iR gen )4 08, B ) >4 0¥
barrel triggers 10754 E

« 13 TeV data: low-p; maintained using barrel

triggers, introduce coarse topological cuts 10°

(HW, opening angle, inv. mass) in 2016 |

m(u*u-) [GeV]
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J/y and y(2S) Production at 7&8 TeV

09.03.2016

Quarkonia production at LHC offers unique windows on understanding strong interactions

¥(25)

nf2s) -7 / ‘ , — Lo P)

hadrons + - - hadrons
/ l XCO(] P) hadrons 0 — -
y hadrons hws T /:/

nJ1S) ’ l
|

hadrons hadrons y# radiative
Two distinct charmonium production mechanisms at LHC:

Prompt: produced directly in the pp interaction or through feed-down decays of heavier states
* Theory: Non-relativistic QCD (arXiv:1009.3655)

Non-prompt: produced in decays of b-hadrons, can be separated experimentally due to the
“long” b-hadron lifetime

« Theory: Fixed Order Next-to-Leading Logarithm (arXiv:1205.6344)

Around 35% of prompt J/v come from feed-down, y(2S) are almost all prompt
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J/y and y(2S) Production at 7&8 TeV

Data (2.1 fb' @ 7 TeV and 11.4 fb™ @ 8 TeV) collected using di-muon triggers

Basic di-muon selection (p(u,,) > 4 GeV, [n(u,,)| < 2.3), di-muon tracks vertex fit

Weights to correct for trigger efficiency, muon indentification and reconstruction and

d’N

geometrical acceptance

- probe various spin-alignment scenarious

(not yet measured at ATLAS)

Corrected prompt and non-prompt J/yv and v

d cos 0*dp*

o« 1+ Agcos®0* + Ay sin? @* cos 2¢* + Agg sin20* cos ¢*

* O
= 2
<

X

H
(2S) yields determined

Entries/ 10 MeV

from an unbinned fit to the 2D di-muon mass and pseudo-proper ?
decay time disitribution T R TR RS &
xy displacement of Invariant mass of Aﬁ

. . g . candidate from PV candidate

- in 22 py x 8 rapidity bins . E(J/lﬁ) ATLAS CMS
o prJ/¥) LHCb ALICE
:||\||\||\||‘| ] 8_1055_"'|"'|'“\“‘|"'|"'|"'|“‘

60 - ATLAS 422 . P g 4_TLAS 4 —— Eiz':t%odel
- Vs=7TeV, 21" = . o sk vs=7 TeV, 21" ... Prompt

50 = 105<p_<11.0GeV 215 B — 10 A ‘rjq& rampt
E 1.25 <y <1.50 8 1 ] _$ C 8 J/ué’:p

40 = Host 4 £ 10°e & MES
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J/y and y(2S) Production at 7&8 TeV

* Prompt J/y compared to NRQCD — good agreement across range of p;, no y-dependence

°
°
°
°
12,
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J/y and y(2S) Production at 7&8 TeV

* Prompt J/y compared to NRQCD — good agreement across range of p;, no y-dependence

* Prompt y(2S) (no significant feed-down) compared to NRQCD — mostly well describing data, some
deterioration at high-p
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J/y and y(2S) Production at 7&8 TeV

* Prompt J/y compared to NRQCD — good agreement across range of p;, no y-dependence

*  Prompt y(2S) (no significant feed-down) compared to NRQCD — mostly well describing data, some
deterioration at high-p

* Non-prompt compared to FONLL — predicts slightly higher p; spectra
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J/y and y(2S) Production at 7&8 TeV

» Prompt J/w compared to NRQCD — good agreement across range of p;, no y-dependence

*  Prompt y(2S) (no significant feed-down) compared to NRQCD — mostly well describing data, some
deterioration at high-p

* Non-prompt compared to FONLL — predicts slightly higher p; spectra
» Ratio of prompt y(2S) / J/y flat across the whole p; range
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J/y and y(2S) Production at 7&8 TeV

» Prompt J/w compared to NRQCD — good agreement across range of p;, no y-dependence

*  Prompt y(2S) (no significant feed-down) compared to NRQCD — mostly well describing data, some
deterioration at high-p

* Non-prompt compared to FONLL — predicts slightly higher p; spectra
» Ratio of prompt y(2S) / J/y flat across the whole p; range

« Prompt J/y fraction dominates at low-p;, but non-prompt exceeds prompt at around 20 GeV
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Fraction of Non-Prompt J/y at 13 TeV

* First ATLAS quarkonium production measurement at 13 TeV (similar techniques to the Run-1 study)

« Early data sample 6.4 pb™ collected with di-muon triggers
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un-weighted and unbinned fit S 80 4 oo 18 [ iy ;
to 2D di-muon mass g % BRI R e
. © 400 ERNS i
and proper decay time 8 o 3 Wb
« Efficiencies and acceptance cancels fzz‘ E g—M

to a good approximation in the | SN S I L AN | 10 IR S
. i 27 28 29 30 31 32 33 34 35 4 2 0 2 4 6 8 10
non prompt fraCt|On muww) [GeVl W) Ips]

c 1_0: T T T T ] T - c 10: T T T T ] T T 3

.% 0.9 ATLAS Preliminary E -% 0.9 ATLAS Preliminary E

L% " E Vs=13TeV,6.4pb" . E ""E —4— ATLAS 13TeV, 6.4 pb™, |y| < 0.75 ]

Yol 0'85_ _5 = 0'85_ —$— ATLAS 7 TeV, 2.1 fb™, 0.25 < |y| < 0.50 —5

g 0.7 % = g 0.75 —4— ATLAS 276 TeV, 4 pb™, |y| < 0.75 — —

S 0.6F ——= = S  0.B6F  CDF(pp)1.96TeV,39.7 pb™, |y| < 0.60 _F_'_ 3

S - :t 1 s - = ]

> 0.55— $:*:=¢= E > 0.55— ‘F_+_ E

0.4f e = 0.4F d,#*‘—‘?— £

0'3;_ ;F —4— ly|<0.75 _; 0'3;_ J‘_l _;

0.2 —$— 0.75<y| < 1.50 = 0.2 E

0_1;— —§— 1.50 < |y| <2.00 —; 0_1;— —;

0.0 b————— ' — 0.0F—————- ' —

5 6 7 8910 20 30 40 50 60 5 6 7 8910 20 30 40 50 60
p () [GeV] p () [GeV]

* Interesting trends in dependence on Vs, though little change between 7 and 13 TeV
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@ D"*, Production at 7 TeV

Charm production (D* D**, D¢*) studied through reconstruction of exclusive D-meson
decays, extending previous measurement in p; range

« Valuable tool for tuning and validation of MC generators used across LHC physics
« Total and differential x-section compared to theory predictions and MC generators

- Results within fiducial space (3.5 < p; < 100 GeV, |n| < 2.1) extrapolated to a measurement
of the total charm x-section:

oo = 8.6 + 0.3 (stat) + 0.7 (syst) + 0.3 (lum) + 0.2 (f/)*3% (extr) mb
- Extracted strangeness suppression factor in charm fragmentation
- Extracted fraction of charged non-strange D-mesons produced in a vector state

400

% i T LA B e N I N S B B IR B S B B B ] (%5) T IA1|'LAS o7 Te'\/’ 280 nb_1'
= - ATLAS \s=7TeV,280nb" . ] S Dae mO2
10 L y = GM-VFNS
o ~ Data, 20 < pT(KTCTEs) <100 GeV, m(KTCTCS)l <21 7] % POWHEG+PYTHIA
; 300 — ] — — — POWHEG+HERWIG
c - . ] MC@NLO
ke - i 8
= | _
£ - e Right-charge combinations .
Q 200 —
g Y 5 Wrong-charge combinations
© i —— Fit: N(D*) = 732+ 34 (stat) |
100 — | %
B 7 Q
- - >
(o]
- o 2
- (=
O 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
140 145 150 155 160 165 170
m(Knn,) - m(Kn) [MeV]
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@ b-quark Fragmentation Fractions f./f,

 Important for studies like B, — pu
« Using decay modes B, - J/y¢ and B® — J/yK™

* Measured as a function of p; and n (no evident dependence found)

0
fi BB = J/ye) B(B; — J/y¢) +0.03 +0.01, 4 \+0.01,  \+0.01
s = 0.199 + 0.004(stat) + 0.008(sys = 0.837 g0 (@B) g oo M) g0 (@) g (me)
fa BB — JJuK) (stat) (sys) B(BY = J/yK"0) 0.02 0.000/M) 20 02(ai) Zg g (e
1y Perturbative QCD prediction: X. Liu, W.Wang,
=2 = 0.240 = 0.004(stat) = 0.010(sys) + 0.017(th) Y.Xie: Phys. Rev. D 89 (2014) 094010,
Ja arXiv:1309.0313v2
S, osaras T s o5l amas T ]
[ 24710 | | 247" ]
| \s=7TeV J _____________ | | \s=7TeV |
0.5 R [ """ . 0.251- |
U Fit f/f = (0.211 0.025) + (0.001 0.001)xp_ | 0.2— ... Fit f/f ;= (0.241% 0.014) - (0.004 £ 0.014)x/y/
i — Fit f/f /= 0.239£ 0.007 T i — Fitf/f,=0.238+0.007 i
i — ATL;Sdmeasurement i i — ATLAS measurement )
1015 20 25 3035 20 45 50 R - R I S— Y
p. [GeV] lull
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@ b-quark Fragmentation Fractions f./f,

 Important for studies like B, — pu
« Using decay modes B, - J/y¢ and B® — J/yK™

* Measured as a function of p; and n (no evident dependence found)

0
fs BB - J/ye) BB — J/yo) +0.03 +0.01, 4 \+0.01,  \+0.01
) = 0.199 + 0.004(stat) + 0.008(sys = 0.837) 02 (wB) g 0o M) g 0a(a@id) g oo (me)
fa BE = Tk (stat) (sys) B(BY = J/yK"0) 0.02(@B) 9 ,00(/ M) 002(@) g2
1y Perturbative QCD prediction: X. Liu, W.Wang,
— =0.240 + 0.004(stat) + 0.0IO(SyS) + 0.017(th) Y.Xie: Phys. Rev. D 89 (2014) 094010,
fa arXiv:1309.0313v2
5 085 L R T
o ~ ATLAS = ﬁalé?os(hadronicdecays) ] — ATLAS [] f/f,HFAG average = —
- 24707 \s=7TeV v CDF T .
0.3 | | s LEP (HFAG average) | | ?\-sn:A7STeV — n— _
C T ] , I
B ] ||| | + i | LHCb (hadronic decays) y |
i | | i s=7TeV ————
0.251- |HJHFL|‘L|,.| | # || - ‘LHCb :
Sieaes I ik 1 -
0'2:_ ] I~ ?31351.96 TeV i 7
i i | LEP (HFAG average) : |
0_15_I T R B R R B ..\S|=.rnz...|....|....§..|....
10 20 30 40 30 0.1 0.15 0.2 0.25 0.3 0.35
P, (GeV) fo/fy
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@ Observation of A, Decay Mode A,—y(2S)A

« First observation of the decay mode A, = y(2S)A° (8 TeV pp collisions)

M e e e e e e e B

« Measured relative BR to A, — J/WA®: i -
- In kinematic range p-(A,) > 10 GeV [n(A,)| < 2.1 o + +;
- Modeling B? — y(xS)K®, reflection >
- <0.5 % bias to ratio from A, - A’up |

5100 5200 5300 5400 5500
m(y(2S) K?) [MeV]

T I T T T T | T T T T | T T T T T | T T T T I T T T T l T T T T | T T T T

S A 300F 7 T
1400 ATLAS ATLAS

08-€9 (G102) 152 g "ne7 sAud

2 1 3 — =
S y e Data . S - p e Data .
2 1 :_ \% - g(;rev’ 20.61b — Fitted model _: 0 250 \SO = ig_ev’ 20.6 fb —— Fitted model -
> 200 F At Ay el e A signal . > A N B Aj signal ]
g 1000 Ngjq = 6940 £ 130 B B° reflection - % 200:_ N,g = 603+ 38 [ B° reflection _f
0 - 1 - .
800— — C 7
- ] 1501 =
600 = - -
C . 100 ]
400 = ! :
200 . S0 ' + .
i K ] C g , N
I I Sy S S LT VUG R I B, —’h:" ' N R

0 5400 5500 5600 5700 5800 5900 0 5400 5500 5600 5700 5800
my A°R)) [MeV] m(y(2S) A°R)) [MeV]

. e . +

F(Ag N w(zs )AO) * Predictionis 0.8 £ 0.1

= 0.501 + 0.033(stat) + 0.016(syst) = 0.011(8B) | 0.5- 0.8 in analogous
B-meson decays

T(AY — J/y AO)
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» Two heavy quarks, both can decay

weakly, affects theoretical prediction

of B, properties

B, - JwyD,” decay is a transition

of PS— V+V => described by 3

helicity amplitudes

b

c

b
@ @

(a)

(b)

(©)

- Simplified angular analysis, distinguishing A,, from (A,, and A_)

=> measuring fraction of transverse polarization I'**/T"*"

(9102) + “(1)9L ‘O P "shud "ing

Figure 1: Feynman diagrams for B} — J/lprf)+ decays: (a) colour-favoured spectator, (b) colour-suppres
spectator, and (c) annihilation topology.

* Measurement of relative BR of B, - J/yD." w.r.t B, » J/yD,™ and of both the decay modes

w.r.t. BR of B, - J/yn*

D" - ¢(K'K)=w"

Candidates / 20 MeV

Ds+* - Ds+[n0/ Y]soft

(not detected)

90
80
70
60
50

MC- based templates 0

09.03.2016

I T T T T T T T T T .

oaa ATLAS E

it ]

1 |

B:—J/yD] signal Is=7TeV,49f .3

B J/yD, A signal 'S=8TeV.20617
B:—J/yD", A, signal E

-- Background _ 3
Ny ,yy: =36 £ 10 2

NBiHJ/\VD;t = 95 i 27 =

E f,=037+022
;_ +“1 | | +1$
= INGANE
;7 77777:%‘1}_1_ 4_ ;‘Ml \\ Lot E
5800 6000 6200 6400 6600

mhyD}) [MeV]

Candidates / 0.04

50 :I TTT | UL | LU TT 1T L | LU | LU I L LU TTT |:
= Dat. =
45 ATLAS * m N
40 Vs=7TeV, 491" - BisJyDYL A signal S
- \s=8TeV,206fb" B: —>J/wD A S|gnal ]
35 = Background =
30 E
n
20F T =
15 f IRk -
10F
R h
0 EL g e e T
0 0.1 0.2 0.3 0 4 0 5 0 6 0.7 0.8 0. 9 1
|cos®'(u")]|
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B.—~J/yD,": Results

* Ratios of the BR of the B+ j/upt
_ D rt = =~ =3.8+ 1.1 (stat.) + 0.4 (syst.) = 0.2 (BF),
decay modes: 7 B
BB+_)J D*+
Rpt o = ——P0 — 10,4 + 3.1 (stat.) = 1.5 (syst.) = 0.6 (BF),
BB:—U/:,M* S
Bp:1yprt 9
Rpee jpr = —oe W05 9 812 (stat.) + 0.3 (syst.), 2
3Bg—>J/¢Dj ' —
« Transverse polarization fraction: I'../I' =0.38 +0.23 (stat.) = 0.07 (syst.)
RAREH RAAY RAALE RAREE L BN BLALELELEN BUNLELELE N IULAAN RS RARRE RN I I LN RN
ATLAS
ATLAS (Run 1)
LHCb (Run 1)
« Comparison to QD potental _
mode
LHCDb result and QCD sumrules| = m
theory predictions: RCaM .
BSW
LFQM
pQCD
RIQM
1 2 3 4 5 5 10 1 2 3 4 0.2 0.4 0.6 0.8
BRB;anwD; / BRB;—WW* B RB;aJIwD:J B RB;—umm* B RB;A‘WD;JB RB:aJIwD; r.J/r
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¥  Measurement of AL, and ¢, in B;~J/yd

« CP violation in B, - J/Ap¢ occurs through the interference in mixing and decay

.y %,
2 B, mixing: /@( N

» Mass difference = %,
{ //< Am =my—m 0/ i
%?;

1pﬁ

e o
Decay rate ~ [
5 » Mixing phase ¢, ~' -

- Decay width difference 57
AT, =T, — T

i,
Decay

9-" "“IJ\

T
mplitude with mixing Direct decay amplitude

« Time evolution of flavour tagged B, — J/y¢ very sensitive to New Physics
* 9 physics parameters to describe B, — J/p¢p decay

d3Hr 01 paniwans (91L0g) 262E€0° LO9L:AIXIe ‘(£1.02) 200250 06 AHd ‘220 (2102) 2+ d3Hr

Iy, AT, decay with and P 7
decay width difference Measurement: | | /
o, (= 20,) CP violating phase 0 | S
A% |AF  CP state amplitudes |
Oy O, Strong phases X '=,
|Ag|?, 8¢ S-wave parameters o
K.
V.V, -
vus V;b {ﬁ,ﬁ} V“Vm Bs /
\{fsxf;h j//F‘-_‘-qq-q_-h-_‘“-—-q________“-:!“‘-_
(0,0) (1,0) T & )g® |
¢ small in SM, clear to see potential excess from NP -~ dt dQ ): o (6r, yr,9r) ;
09.03.2016

La Thuile 2016, Pavel Reznidek, pavel.reznicek@cern.ch, Prague CU

N
=



—
° L)

L
B-Flavour Tagging in B.~J/y¢ ;
o
« Knowledge of B/B flavour at production significantly increases signal PDF sensitivity to ¢, S
N
" " l"l ~—
« Charge of p;-weighted tracks in a cone (R=0.5) around ‘% 3
opposite side muon/electron or in a jet: Nitracks i /i p
0, = )i q - (P7) T
=> build per-candidates # le’.thaCkS(piT)K 8
B, tag probability o
> 1007 ERE
2 G ATLAS ER
. . O E \s=8TeV,19.51b 3 o
* Calibration on self-tagged B* — J/wK* channel o s 1 N
= 70F 4™
Tagger Efficiency [%] | Dilution [%] | Tagging Power [%] 2 ot 12
T n 1 B
Combined p 4.12 £ 0.02 47.4+£0.2 0.92 £ 0.02 g S o AN, ¥ E :
Electron 1.194+0.01 | 492403 0.29 £ 0.01 8 oF -+ oua ER
Segment-tagged u 1.20 £ 0.01 28.6 == 0.2 0.10 £ 0.01 ooF- o et background. ]
Jet-charge 13.15£0.03 | 11.8540.03 0.19 £+ 0.01 10E — o e E >
Total 19.66 £0.04 | 27.56 £ 0.06 1.49 4 0.02 Q—— i3 2
50 51 52 53 54 55 56 o
m(J/y K*) [GeV] k;
§|§O.3:|AITL;45I|_1 ] 0'3;'A'TL'Aé"_1 ] O'Sg'A'L)\é“'_1""”""""*‘3
I 0.25F Vs=8TeV,19.51b CGombined muons 1 o2sb s=8TeV,19.51b Electrons 4 1 o2k Vs=8TeV,19.51b Jet-charge ERET
e Data - ] e Data ] C Data &
0.2 «B* 4 o02F «B* 4 o02F «B* 4
0.151 (r::Urgl?]lned °oB 1 oust electron J: 1 ot jet-charge °B’ E %
o1 ] o.1f—+ +3 oib - g
; -+ O oo _4;,,.:’=f- o E ; -+ E E - 4}5}:f3:$b‘f3iz:‘:’_ = o
0.055— +ﬂ++i*:&x:;:—++ - — 0.055— ++*}iiii+**:+++; — 0.055— oS ae %+:$+ = ;
R R B R el F e P ] LT | |.%| m
0 05 0 05 1 0 05 0 05 1 0 05 0 0.5 T

_OH 'Qe jet
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- In(f; |

{w;

?;(mia tiao-l‘ia Qia P(BlQ)apT,) + f‘S ) fBO
+(1 = fo - (1 + fpo)

N
In £ = Z
i=1

Max. Likelihood Fit of B.—~J/y¢

Fpo(mi, t;, 01, i, P(B|Q), pT,)
)Fokg(mi, ti, 071, i, P(B|Q), p1,))}

> §IQﬁI‘ USSR I IR IS I IS I IR o 10T g
2 L ATLAS . . Data 1 & £ ATLAS » « Data 3
o 10— Vs=8TeV,14.3 b — Total Fit — ; C Vs=8TeV,14.31b — Total Fit n
S B Signal 1 = 10 E --- Background = 1
8 o —ehawk® | 8 F Sron - Unbinned max.
E - 1 E L — Prompt J/ ] . . .
5 F ] 8 oy R 3 likelihood fit:
61— ] 103:_ —:
- ] 1+ decay time 1/efficiency
4, -] 102 =
- . E -+ signal
2 10 = g
I ‘ ] *
o E o * B-oJ/yK*, BoJ/yKn
s 25 £ 2
£ 1E £ 1 . .
g 0 g 0 e combinatorial
-2 -2
L SE background
515 52 525 53 535 54 545 55 555 5.6 5.65 - 0 2 4 6 8 10 12 14
m(J/y KK) [GeV] Proper Decay Time [ps]
x10° x10° x10°
° [T Tt T ] Frorrr T T R L L 3 L L L L B BN B L E
= L ATLAS + Data i - ATLAS - Data § 30— ATLAS + Dat —
2 301 's=8TeV,14310" Total Fit - 30~ ys=8TeV, 143 b Total Fit m - 1s=8TeV, 143 10" Total Fit .
B Foo e Background . L e Background j o e Background .
% i Signal ] L Signal i N Signal i
5 20 4 ek SN L -4 A B
10F - - T — 10~ 7
_IH..I.ll.II..‘l....\...I\....I_ _H.I‘.‘\...Il..I..llul\.HI...\...I.\._ _.\.I.‘.J...I‘..\..llull\.\I...JHlI.H_
-3 - - 1 2 3 -1 -08-06-04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1
¢_[rad] cos(8;) cos(v.)
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Result of the CPV B.,—J/w¢ Study

 Result with 8 TeV data

Parameter Value Statistical | Systematic 3_0-18;—AL"LATSV f |_1 —l seve glt —
uncertainty | uncertainty L°0.16F ﬁ—:cin;réiliastobw C:aresggggsggltﬂsdel -

. [rad] —0.123 0.089 0.041 < B S
AT [ps~1] | 0.096 0.013 0.007 0-14¢ E
T,[ps!] 0.678 0.004 0.004 0.12- .
RO 0.230 0.005 0.006 ot E

| Ap(0)]? 0.514 0.004 0.002 T ]

| A5(0))? 0.090 0.008 0.020 0.08f- .
51 [rad] 4.46 0.48 0.29 0.06" -
5 [rad] 3.15 0.13 0.05 : :
01 —dg [rad] | —0.08 0.04 0.01 0'04‘_.|J..1...|...|.J.|.1.|._’

-06 -04 02 O 02 04
o_[rad]

d3Hr o} papiwans (91L.0g) L62E0°LO9L:AIXIE ‘($1.02) 200250 06 AHd ‘220 (2102) 2+ d3Hr

N
1=
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[
T
Result of the CPV B.,—J/w¢ Study ;
N
* Combination of 7 & 8 TeV results (BLUE comb.) S
; 'n T ATLAS = --- 68% C.L. ({s =7 TeV) | D
Runl combined % 0.2 \s-7Tev, 491" - 95% C.L (:511‘%)‘_ o
Par Value Stat Syst % [ \s=8TeV,14.3 o' . g% oL E:EZSTZV; ] ﬁ
So[rad] | —0.098 | 0.084 | 0.040 0.15[ 1 COMSIANCAIOD 5 Sancareone, R
AT [ps™ 1] 0.083 | 0.011 | 0.007 I ©
T, [ps™] 0.677 | 0.003 | 0.003 0.1- g =
A (0)? 0.227 | 0.004 | 0.006 - a1
| Ap(0)]? 0.514 | 0.004 | 0.003 0.05[ o o g §
|As|? 0.071 | 0.007 | 0.017 i e S
6, [rad] 413 | 0.33 | 0.16 o 7 - =
i i o=
4| [rad] 3.15 0.13 | 0.05 005 e el 1 5
5, — 065 [rad] | —0.08 | 0.04 | 0.01 e ot s 005 TS X
S L L L L L LA B =
. : 0 0.18-ATLAS —— 68%CL. . =
DO 8 b % S \s=7TeV,49f0" 95%C.L. ] 3
0.14] HFAG B L 0.16[ \s=8Tev, 14317 o F, Sandere ol =
< - AT's constrained to > 0 - S
0.14f -
— 0.12 'S . 68% CL contours | E 9
. 2 (Alog £ =1.15) 0.12F - S
= 0.10} [ coF 9.6 1" 0.1 ] >
« - »
2 - 0.08 . 5
| 0.06] . 5
0.06¢ ATLAS 19.2fb™ 0.041 | ‘ ‘ | ] 2
— based on the ATLAS preliminary result . ' 6 | '_0_4 | '_o_é - 0 - Io_gl | Io_4l %
—0.4 statistical(WAcertainties.only 0.4 Y
¢§cs [rad] (])S [rad]
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\ Run2 B R i =
N = Iy
un2 B-Meson Reconstruction :
o
3
* B* meson mass reconstruction using full 2015 pp dataset at 13 TeV Z
. . % _‘“'\""\."."\""\""""""""_ I’b
* Preparation for further detailed b-hadron measurements 2o flgsimmey, 1 2
25000 ] ;
2 r o o
Reconstruction in B* —» J/wK* decay mode E 20000 E 2
Simple selection (p(u) > 4 GeV, p(K) > 3 GeV) 15000 E
3-tracks vertex fit (x/NDF < 3) too0; B s ;
Independent fits in 16 rapidity regions 5000 -
Model systematics (p; scale and vertexing not included) o0 5500 5600 5700 5300
m(JwK*) [MeV]
Fit B* mass [MeV] Fit error [MeV] V: ________________
Default Fit 5279.31 0.11 (stat.) ' E el tin B- t I
L., > 0.2 mm 5279.34 0.09 (stat.) ; EXpected improvement In b-vertex
World Average fit 5279.29 0.15 . decay time resolution with IBLand
LHCh 5279.38 0.11 (stat.) #+ 0.33 (syst.) + [ITK (tracking detector upgrades) |
— 5290 —— — — — — i '5'0-2: """""" I I MU I B l
g B ATll_AS PreIirr‘linary 1 | ] . o,% 0.18 —e— ATLAS 2012 <u>= 20 — j_>|
= 52882_‘@:1 3TeV,L=3.2fb _Z E @:’ 0.16:— —— |BL Layout, <u>= 60 = I|_
Eﬁl 5286 — E 0 145_ % —=— ITK Layout, <pu> =200 _: E
S ] : s ] <
o284 :,)\,:,gﬁf,:: mean mi(E") E : 0.12- ATLAS simulation E »
- E E 0iE . Preliminary = g
5280, N S S ;o \ 108
= YT T <+ | B ! 0.06 E )
52785 _+__+_ _+_ . E 0.04 M a
52761 = : 3 - o
E mi(B) = 5279.31+ 0.11(stat.) MeV . : 0.02¢ ] =
5274 - ' o) R I B B W D N B o
R T S : 0 10 20 30 40 50 60 70 80 ;
KD : p.(BY) [GeV] ;
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Measurement of b-quark fragmentation fractions f./fy Phys. Rev. Lett. 115, 262001 (2015)c7 arXiv:1507.08925

Observation and branching fraction of A%, —w(2S)A° decay Physics Letters B 751 (2015) 63-807 arXiv:1507.08202 =

Associated production of prompt and non-prompt J/y mesons and Z boson at +/s = 8TeV i Eur. Phys. J. C75 (2015) 2292
Phys. Lett. B740 (2015) 199-217 2

Search for X, and other hidden-beauty states using T T(1S) channel

Cross-section measurement of y(2S) — J/w (— p*p’) wHmr at Vs = 7TeV

@ and AT, from flavour tagged time dependent angular analysis of B, — Jiw ¢ Phys. Rev. D 90 (2014) 052007 7 arXiv:1407 1796

Observation of an excited B%; meson state with the ATLAS detector (4.9 +19.2) o' Phys. Rev. Lett. 113 (2014) 212004  arXiv:1407.1032¢

Measurement of ¥4 and ¥, production at Vs = 7TeV 4.5fb! J

Parity violating asymmetry parameter ag, and the helicity amplitudes for the decay Ap2— Jiw A2 4.6 fb-1 Phys. Rev. D 89 (2014) 092009z arXiv:1404.1071 gz

Associated production of prompt J/y mesons and W boson at Vs = 7TeV 45" ,_J__!j_EE___Q_{1____[;g__[;l__1_f}_)____‘l____i_"_g_§3 arxXiv:1401.2831=
Production cross section of B* at Vs = 7TTeV 2.4 fb-t

Inclusive T(nS) differential cross sections and ratios 1.8 b

@5 and Al from time dependent angular analysis of B% — Jiy ¢ 4.9 fb-1

Measurement of the A, lifetime and mass 4.9 fb! Phys. Rev. D 87 (2013) 032002 arxXiv:1207.2284 7
b-hadron production cross-section from D*pX final states 3.3 pb-1 Nucl. Phys. B 864 (2012) 341-381  arXiv:1206.3122z
Search for the decay B, — up 2.4 fo! Phys. Lett. B713 (2012) 180-1967 arXiv:1204.0735p
Observation of a new ¥, state in radiative transitions to T(1S) and T(25) 4.4 b1 Phys. Rev. Lett. 108 (2012) 1520017 arXiv:1112.5154 7
(1S) Fiducial Production Cross-Section 1.1 pb! Phys. Lett. B703 (2011) 428-446 7 arxiv:1106.5325¢7
Differential cross-sections of inclusive, prompt and non-prompt Jiy production 2.3 pb1 Mucl. Phys. B 850 (2011) 387-3447  arXiv:1104.3038z
D*+- production in jets 0.3 pb! Phys. Rev. D 85, 052005 (2012) 7 arXivi1112.4432
Inclusive production of electrons and muons (b/c cross section) 35 pb! Phys. Lett. B 707 (2012) 438-4587  arXiv:1109.0525¢7
Centrality dependence of Jiy production in heavy ions collisions 6.7 ub1 Phys. Lett. B 697 (2011) 294-312¢7 arxivi1012.54197

Motes containing preliminary or unpublished results based on data, the contents of which may be used in conference talks, are listed below.

Short Title Ref./link to ATLAS public pages m

Motes based on published or preliminary public results, maybe discussing comparisons with theory or other measurements, or based on ATLAS Monte Carlo (such as feasibility studies)

Short Title Ref./link to ATLAS public pages

ATLAS B-physics studies at increased LHC luminosity, potential for CP-violation measurement in the BY; — J/y ¢ decay (5-3000) fb-! ATL-PHYS-PUB-2013-010¢7

Comparison of D(*) production cross section at v's = 7TeV with FONLL and GM-VFNS predictions 1.1 nb-1 ATL-PHYS-PUB-2011-012 e
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults
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Summary

* Number of new results in production and decay properties using full
Run-1 data finished last year, some still to come

Production measurements: important input for theory MC generator tuning
NP searches: no evidence for deviations from SM predictions

* First studies of the 2015 pp collision data at 13 TeV — J/y production and
detector performance in b-hadron reconstruction

« ATLAS will continue its B-physics program in the Run 2,3 and the
HL-LHC era, continue focusing on precision measurements, rare
decays and heavy flavour production and spectroscopy

09.03.2016

Detector upgrades (namely in tracking and muon system) and new trigger
strategies and tools will help to cope with the high-luminosity environment
and achieve precision needed to examine possible beyond-SM effects in the
heavy-flavour production and decays
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B.—~J/wyo: Systematics, Correlations

bs AT, T, [A(0)]F  [Ao(0)]* [As(0)]* o1 o 0L —0ds
rad]  [ps~']  [ps7!] rad] [rad] [rad]
Tagging 0.025  0.003 <1072 <1073 <1073 0.001  0.236 0.014  0.004
Acceptance <1073 <1073 <1072 0.003 <1073 0.001  0.004 0.008 <1073
Inner detector alignment 0.004 <1073  0.002 <1073 <1073 <1072  0.112 0.006 <1073
Background angles model:
Choice of pr bins 0.020  0.006  0.003 0.003 <1073 0.008  0.004 0.006  0.008
Choice of mass interval | 0.008  0.001  0.001 <1073 <1073 0.002  0.021 0.005  0.003
BY background model 0.023  0.001 <10=2  0.002 0.002 0.017  0.090 0.011  0.009
Fit model:
Mass signal model 0.004 <1072 <10=2  0.002 <1073 0.001  0.015 0.017 <1072
Mass background model | <1072 0.002 <1072  0.002 <1073 0.002  0.027 0.038 <1073
Time resolution model 0.003 <10=2  0.001 0.002 <1073 0.002  0.057 0.011  0.001
Default fit model 0.001  0.002 <1072  0.002 <1073 0.002  0.025 0.015  0.002
Total 0.041  0.007  0.004 0.006 0.002 0.020 0.29  0.05 0.01
AT T, (A (0) | [A0(0)* | [As(0)[° 0| 01 | 0L —0s
D 0.107 | —0.098 0.041 0.031 0.050 0.094 0.049 | —0.010
AT 1 —0.426 0.102 0.138 0.051 0.015 0.009 | —0.011
T, 1 —0.122 | —0.047 0.154 | —0.043 | —0.015 | 0.019
|4),(0)]? 1 —0.331 0.062 0.173 0.050 | —0.018
| Ap(0)]? 1 0.216 | —0.016 | 0.005 0.014
|As(0)]? 1 —0.078 | —0.007 | 0.057
0| 1 0.226 | —0.012
5 1 0.011
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'@ Performance of B,—~J/w¢ in Run-2 and Beyond

* Run-2 detector upgrades: new tracking systems, improved muon coverage, more complex triggers

New IBL . ,
— . _ ) N New all-Si tracker in HL-LHC
. % I 0. 1=/
< y =00 eta=1.0
= I
-~ q\\:)\bqg)\r " (Leo11ed)TAT TP Dntacyr — | \ ' | -
— ess H - : - - I | ~ PR AT } I l ‘ | I Outer Pixels
— P ‘ﬁ_—_—————_ Inner Pixels
N I I I I I I I I
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
. z(m)
ATLAS Today Tracker in HL-LHC
* Predictions using preliminary (EFCA-2013) simulations of IBL and ITK ;
'a‘ 0_27 T LI \I\I‘\III‘\I\I‘\I\I'\I\I'\'\7 'a‘ 0-27\|||||\\‘|\\|||III‘\\\I‘Illlll\\\‘\Illllll\‘\l\\7 3 Challengingforan -IIU§
Q C ] Q C ]
— 0.18F —e— ATLAS 2012 <p> = 20 - — 0.18F —e— ATLAS2012  <p>= 20 - efficient trigger <
% 0.165— . —— |IBL Layout, <u>= 60 _E % 0.16; —&— IBL Layout 11,11 <u>= 60 _E | 53
0.14; 3 —+— ITK Layout, <u> = 200 —f 0.14; —>— ITK Layout 11,11 <> = 200 _f . Run-1 muon p; %
- % : - 1 thresholds ~4 GeV o
012 o ATLAS simulation E 0.12F ATLAS simulation ER N
0.1 % Preliminary = 0.1 Preliminary = _ _ =
0.08" . 0.08F 1 ' ¢ Athigher instant. W
r ] r 1 luminosity have to o
0.061 " = 0.06f e e occe"? = : _ |
- ] - . increase thresholds: |
0.04 m e N AL LA AR AR A realistic scenario: 6 GeV, |
0.021 E 0.02F ER pessimistic 11 GeV (7x
C ol b b v by b Ly 0 Covov b b b b b b by L s Ly a0 | H
% 1020 30 40 50 60 70 80 % 70 20 30 40 50 60 70 80 90 100 less signal events)
0 |
P:(B,) [GeV] Number of reconstructed PV + Use of topological

* 30% better proper decay time resolution, ~stable with higher pile-up
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@ CPV in B,—J/vy¢: Future Projection (EFCA-2013)

N
A
—

w 0.27I LI LU 1T 17T | 1T 17T | 1T 17T | L L L I L L L I L I, 'a' 0_27I LU LI T 1T I LI | L ‘ LILELEL I L ‘ L | I LI | LI \7
Q. : n Q. : ]
:m 0.18— —e— ATLAS 2012 <u>= 20 — o:m 0.18[— —e— ATLAS 2012 <u>= 20 —
— 016; ——— IBL Layout, <u>= 60 _E ek 016; —a—— IBL Layout 11,11 <u> = 60 _E
014 ™ —— MK Layout, su==200 3§ . F —=— ITKLayout 11,11 <u>=200 -
0.121- LY ATLAS simulation E 0.12¢ ATLAS simulation E
0.1 %, Preliminary — 0.1 Preliminary -

0.08[- — 0.08-B-hadron lifetime resolution stability with piletup
0.06F = 0.06[= e s *°°=°* =
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pT(Bg) [GeV] Number of reconstructed PV

* Muon p; thresholds 11+11 GeV substantially (7x) decrease number of signal events per fb™
w.r.t. 6+6 GeV thresholds, but improves vertexing resolution

2011 %) 2012 2015-17 2019-21 | 2023-30+
Detector current | current IBL IBL ITK
Average interactions per BX <u> 6-12 21 60 60 200
Luminosity, fb~! 4.9 20 100 250 3 000
Di-u trigger pr thresholds, GeV 4 - 4(6) 4-6 6-6 11-11 11-11 11-11
Signal events per fb ! 4 400 4 320 3 280 460 460 330
Signal events 22000 | 86400 327900 | 45500 | 114000 | 810 000
Total events in analysis 130 000 [ 550000 [ 1 874 000 | 284 000 | 758 000 | 6 461 000

MC o(¢,) (stat.), rad

0.25

0.12

0.054

0.10

0.064

0.022
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'@ Detector & Trigger Upgrades - Phase 0

1x10% 34 1034 * Long Shutdown (LS) 1 almost
- c;;, 2g°1 2 S)XW o over, LHC starts providing

“em’ SsoOfb /;;;gofg; physics data in Spring 2015
- - unti
LS1 O 82— | LS3 - Additional Pixel Layer (IBL)
1314 TeV R 14 TeV R HL-LHC | and Be small radius beam pipe

2013 2014 2015 2016 2017 2018 :019 2020 2021 2022 2023 024 2025 & « Topological L1 trigger

Run 4
* Improved coverage of Muon

Phase 0 Phase 1 Phase 2 spectrometer (1.0 < |n| < 1.3)
Detector Detector Detector . .
upgrades upgrades  Diamond Beam Monitor,

consolidation of some parts of
the detector (cooling etc.)

[ia] N ° Sma” radiUS (32_38 E 025 I LN LN LI N L B
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[mc o) L
: material budget L L SGevL
° 4th pIXG| |ayer = 0.15 = =m=mee- 100 GeV ATLAS —
- [ v 100GeVIBL o *
more robust track R
reconstruction, better o1f E . -
impact parameter : Lo’ -
d, and z, resolution 005 b ¢ e =TT
E S, -—— A A A A
I « Better 6 and ¢ SRt
2 YD, = W . resolution at low i e s i A M NS
S ——— | = o, ~ 1 GeV 0 05 1 15 2 25
|

09.03.2016 La Thuile 2016, Pavel Reznidek, pavel.reznicek@cern.ch, Prague CU 33



% Detector & Trigger Upgrades -
o ey

cms

LS1 TO% 1 s2 — | LS3

13-14 TeV = 14 TeV

~30 fbo’!

2013 2014 2015 2016 2017 2018 1019 2020 2021 2022 2023 024 2025 &

Run 1

Phase 0 Phase 1
Detector Detector
upgrades upgrade

Fast tracking trigger:

 HW based track finder in the Inner
Detector silicon layers at “offline
precision”

* Provides tracks already before the L2
trigger (first SW based trigger layer)

* Two-step processing: hit pattern
matching & subsequent linear fitting in
FPGAs

09.03.2016

Phase 2
Detector
upgrades

La Thuile 2016, Pavel Reznidek, pavel.reznicek@cern.ch, Prague CU

Phase 1

5X1034 * Goal: no loss of performance

3000 b luminosity
until 2035

/rn when going above LHC nominal

e New small muon wheel

* New fast-tracking (FTK) at
trigger level 1.5. Gradually

HL-LHC

Run 4 implemented already during

Run 2

» Higher granularity and precision
L1 trigger for calorimeter

 TDAQ improved performance

New Small Wheel Big Wheel EM
Select tracks pointing to
the IP matching the big 1
wheels
I |
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N
L ~

A

-
o**
-
.
=
-
-
.
-
-
-
-
—
.-

.
.
Pz

34



34 34 . "34
1x10 2-3)x10 5x10
cm™s™ cm?s™ 2571
/:ol;lom-'
~300 fb! until 2035
LS1 1O 1s2 — | Ls3
13-14 TeV 14 TeV HL-LHC

~30 fo-!
2013 2014 2015 2016 2017 2018 ;019 2020 2021 2022 2023 024 2025 &
Run 1

Phase 0 Phase 1 Phase 2
Detector Detector Detector
upgrades upgrades upgrade

Goal: maintain/improve
performance despite high lumi.

Completely new Si based
tracking (ITK)

New trigger system — possibly
will include HW-based L1 track
trigger

Full granularity calorimetry
information

Upgrade part of the muon
systems, fast trigger

Phase 2 Inner Tracker: current ID will become inefficient due to radiation damage; too high
occupancy in TRT; high granularity (~4x better) required to cope with high pileup (~up to 200)
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ATLAS Today
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Tracker in HL-LHC “
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