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The ATLAS detector

» Inner Detector (ID)

it » 2T solenoid magnet
B —% » Silicon Pixels and Silicon Strips
{ : —>Precision tracking p;> 0.4 GeV,
; | n]<2.7

. | — = : : ) » Insertable B-Layer (IBL): additional
""""""""""""""""" ' _ I = =N A m inner-most pixel layer (r = 33 mm)
Ml g vy < ¥ \ \ and lower x/X, beam pipe

» Transition Radiation Tracker

» Muon Spectrometer
» 0.5 T toroid B-field

» Monitored Drift Tubes and Cathode
Strip Chambers
—>Precision tracking | 7|<2.7

P Resistive Plate Chambers and Thin
Gas Chambers =
Triggering | n7]<2.4

®

Tile calorimeters

" LAr hadronic end-cap and B> Combined p performances
forward calorimeters
r » o,/p<10% upto 1TeV

Pixel defecto

Toroid magnets LAr electromagnetic calorimeters » Resolutioninm, :~50 MeV atJ/y,
Muon chambers  Solenoid magnet | Transition radiation tracker “150 MeV at ¥{nS)
Semiconductor fracker » Resolution in b-hadrons proper decay

time ~100 fs (before IBL installation)
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Total Integrated Luminosity [fb ]

Data taking and datasets

2011

L ‘ T
7 ATLAS Online Luminosity ~s=7TeV -

E - LHC Delivered .
65 |:| ATLAS Recorded ”
5= Total Delivered: 561 " —

F  Total Recorded: 5.25 fb™ .
4 =
3 =
2 =
1 =
0:‘ . PR T B P I ! \:

01/03 01/05 01/07 31/08 01/11
Day in 2011

> /s =7TeV

» 4.57 fb! good for physics
» 50 ns bunch spacing

» Peak: 3.7x1033 cm2s?
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Total Integrated Luminosity [fb ]

2012

18112

T T T T T T T
30 ATLAS Online Luminosity Vs =8 TeV —
- [ LHC Delivered ]
25 [ ] ATLAS Recorded -
20 L Total Delivered: 23.3 b B
- Total Recorded: 21.7 i .
15— -
10 |
5 =
07 Tl T I T I S il

27103 01/06 07/08 12/10
Day in 2012

» /s =8TeV

» 20.3 fb! good for physics

» 50 ns bunch spacing
» Peak: 7.7x10%3 cm2st
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Total Integrated Luminosity [fb]

2015

e e
- ATLAS Online Luminosity

Vs =13 TeV

5 [ LHC Delivered
- [__]ATLAS Recorded
4 - Total Delivered: 4.2 fi” 7
- Total Recorded: 3.9 1b” .
3 =
2 =
1 =

0 =
24/05 21/06 19/07 16/08 13/09 11/10 08/11

Day in 2015

> /s =13 TeV

» 3.2 fb! good for physics
» 50/25 ns bunch spacing
» Peak: 5.0x1033 cm2s




Heavy Flavor Physics specific triggers

Quarkonia : J/Y=> uu, Y= uu

Vs =7 TeV Exclusive: B = J/y(uu) X decays

24/05/2016

Rare decays: B = uu(X) decays

» Trigger on low-p; 4,6 GeV dimuons

P Large gain in yields w.r.t single higher p,
muon triggers
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$ 1 06 |2 pT(u) >6GeV, p_(n) >6 GeV -
= § Single muon trigger: PT(M) >20 GeV E
- =
Lﬁ 5 - Supporting dimuon trigger: pT(p‘) >4 GeV, pr("z) >4 GeV
1 0 i
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Vs = 13 TeV » 20 MHz collision rate, ~400 Hz recorded

B e

6 7 8 9 10 11 12

m(utw) [GeV]

» HF physics concentrates on low p, dimuon
signatures
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Charmonium production at 7 and 8 TeV
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Two distinct charmonium production mechanisms at the LHC: U
(G

O

» Prompt component: produced directly in the pp interaction or through feed-down decays of heavier states

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

» Around 35% of prompt J/y come from feed-down, y(2S) are almost all direct
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Charmonium production - method

» Data (2.1 fb-l at 7 TeV and 11.4 fb! at 8 TeV) collected with dimuon triggers
» Basic muon kinematic selection: p;(u, ,)>4 GeV and |n(u, ,)|<2.3 and vertex fit of dimuon tracks

» Each dimuon candidate is weighted to correct for muon identification, trigger and reconstruction
efficiencies and geometrical acceptance

» Corrected prompt and non-prompt J/yand y(2S) yields are determined from an unbinned fit to the
2D dimuon mass and pseudo-proper decay time distribution = 22 x 8 (p; y) bins
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Charmonium production — prompt component

Prompt J/y compared to NRQCD. Prompt y(2S) compared to NRQCD.
Good agreement across range of p; Free from feed-down, direct probe of
No y dependence. Data spectra slightly softer. prompt production. Data spectra slightly softer.
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NRQCD = Non-Relativistic QCD. Factorize the hard production of cc pair with any colour and spin quantum numbers (pQCD)
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Charmonium production — non-prompt component

Non-prompt J/yw compared to FONLL. Non-prompt y(2S) compared to FONLL.
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FONLL = Fixed Order Next-to-Leading Logarithm. Combine bb production with data driven fragmentation and decay models.




Charmonium production — production ratios

prompt y(2S) / prompt J/y prompt J/y / non-prompt J/y

consistent with p-independence cross-over around 20 GeV §<
a . ATLAS 7~ data 4 0.70, 1.755]y|<2.00 = - ATLAS 5~ data + 1.40, 1.755|y}<2.00 =
g 1 2 | . % data + 0.80, 1.50<|y|<1.75 - o —*— data + 1.20, 1.50<|y|<1.75 ()'I
2127 Prompt Ratio - data + 0.50, 1.25<]y|<1.50 S 3 r Non-Prompt Frac. J/y . gata + 1.00, 1.25<]y|<1.50 =
o | s=7TeV,2.1 b’ +- data + 0.40, 1.00<]y|<1.25 k5 | s=8TeV,11.4fb" + data + 0.80, 1.00s]y|<1.25 N
'ﬁ data + 0.30, 0.75<|y|<1.00 © L data + 0.60, 0.75<|y|<1.00 o
o i -=- data + 0.20, 0.50<[y|<0.75 w -~ data + 0.40, 0.50<|y|<0.75 w
c 1r - data + 0.10, 0.25<]y|<0.50 a B —&- data + 0.20, 0.25<]y|<0.50 (@))
2 I e data + 0.00, 0.00<]y|<0.25 (E) 25 —~e— data + 0.00, 0.00<]y|<0.25 o1
g - i . . . "\l
Bosl J(_ = Efficiencies and S
a vl Z2 2 %
R e T .| acceptance cancel to a ks
WV EX - . . .
I~ Ny — . I je)
g [ —— b T e ‘ good approximation in 2
:7'-“1'1—7'7‘.-'-1':~"‘-_-'»_-‘“--.‘.--.'.-'-"'-"-"?:"‘:T T T ek : A e " L e e - ; t h e n O n - p ro m pt fra Ct I O n : .
X A L LW >
04 ~ 1 — - '.+++_._ |T|
: - - 00'0-'0'-0'—0_ 8
pE———— R TR S ——— fi './.OOOOOO,_.-O-O—-Q-_.—_._ O
0.2 |- 0.5 —M,..-"’
o HOOOAC-O-O-O-H OO O O e O i .../‘
e ceoetsss o sss e tet B —e 4
0 | 1 1 1 1 1 1 0 1 1 l 1 1 1 1 1 11 1
8910 20 30 40 50 60 8910 20 30 4050 10°
P (uu) [GeV] p_(up) [GeV]

24/05/2016 M. Sioli - HQL 2016



Non-prompt J/i fraction at 13 TeV

» Early data sample 6.4 pb! collected with dimuon triggers

» Same method as in Run 1
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» Minimal rapidity dependence but intriguing /s dependence moving from 7 to 13 TeV
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D™, D*, D.* production at 7 TeV

» Charm production studied through the reconstruction of exclusive D meson decays

Q
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» Valuable tool for tuning and validation of MC generators used for LHC physics o

Z

P Total and differential cross sections compared to a range of theory predictions and MC generators Y

P Results within fiducial space (3.5<p;<20 GeV, |n|<2.1) extrapolated to a measurement of the total charm CS:

!9 =8.6 1+ 0.3 (stat) + 0.7 (syst) + 0.3 (lum) + 0.2 (ff) 38 (extr) mb
tot — 8.5 + 0.3 (stat) 19 (syst) + 0.3 (lum) + 0.2 (ff) 2

Cfr a similar extrapolation from ALICE: o
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(extr) mb [JHEP 07 (2012) 191]
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D™, D*, D.* production at 7 TeV

» Differential cross sections as a function of p;
» Shapes well reproduced by FONLL and POWHEG
P Predicted overall normalization in general lower than data

P Differential cross sections in 77 shows similar trends
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Ratio of b quark fragmentation fractions f, /f,at 7 TeV

0.35

— T
B ATLAS

|
- ATLAS

» Important for searches and rare decays, e.g. B - utu~ it (o7 TeV ¢ LHCb (hacronic decays) :
0 0 0 03l ' * LEP (HFAG average) ] o
» Extract from By — J /¢ and B; = J /YK~ Tt H + 1 g
S ik ] O
»2.47 fb! of 7 TeV data used S o2s[ mﬁ i + ‘ 1 %
» From experiment: - ;2
0 / 20 - CIE
B(B, —J it
J, BB, =T 199 +0.004(star) = 0.008(syst) T B
fa BBy =J /YK ™) 010 0 20 30 40 50 T
» Perturbative QCD predictions: Phys. Rev. D 89 (2014) 094010 S 2k S
0 / — ATLAS [ f/;HFAG average  — %
B(B, —J : =,
o~ 083, ) S Shm,) e, == | 8
B(B d -% J / /lpK ) B L}:Et;(?:\?ronic decays) :I N /-B\
P Resulting ratio: | 1505 e ) 5

Is _ 0.240 + 0.004 (stat) + 0.010 (syst) + 0.017 (th) - ooy -

f d B L‘rI_EI:(HFAG average) B

» No p;or ndependence in the measured kinematic range o1 015 02 025 03 035

fo/fy

24/05/2016 M. Sioli - HQL 2016



B* — J /WK™ reconstruction at 13 TeV

N 230000 ATLAS Preliminary 3
» Good probe for detector performance at the new conditions ® Fis=13TeV, L=32h” :
(energy, pile-up, new IBL detector) §25000 —— Fitmodsl -
: fi20000F- L E
» Ancillary to future analyses - —eve-- Backoround mode -
— B =y = . >
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10000 — =
» Simple selection . B 1 oseamossbetorns . (jf)
 Reconstruction in B¥ - J/yPK* s - '8
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oo C . o
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Observation of A} — ¥ (2S)A° decay

P First observation of this decay mode (20.6 fb! at 8 TeV)

» BR predicted of the same order of A(,’, — J /A% decay (ratio 0.8 + 0.1) [Phys. Rev. D 88, 114018 (2013)]
» Analysis in kinematic range p{(A,) > 10 GeV and | (A,)] < 2.1

. L T
» Decay modes: J/y and y(2S) in pup, A,y in pn =3
» Simultaneous fit of S 1400 ATLAS  #h @ paa | SR
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7 : . 100
(2.8%) 400, 3 j&- :
» Prediction exceed the 200[- T . o %0
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Conclusions

» Run 1 results provided a comprehensive set of results
» Quarkonium production and decay
» Useful for MC generator testing and tuning
» Synergy with other LHC experiments
» Further Run 1 results still to come

» First studies of 2015 pp collisions at 13 TeV

» J/ production (prompt/non-prompt components)
» B-hadron reconstruction

» ATLAS will continue on its B-physics program
P Detector upgrade copes with challenging Run 2 conditions
» Expect new interesting results to come!
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