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VVetting our appetite...

I LAS Run: 265545
Event: 1020606

EXPERIMENT 2015-05-21 09:39:35 CEST

13 TeV collisions

Display of a J/¥ candidate event from proton-proton collisions recorded by ATLAS on 21 May 2015, with LHC stable
beams at a collision energy of |3 TeV. The red lines show the paths of two muons through the detector, with transverse
momenta of 5.6 and 8.2 GeV. The green and yellow bars indicate energy deposits in the liquid argon and scintillating-tile

calorimeters. Charged particle tracks reconstructed from hits in the inner tracking detector are shown as orange arcs,

curving in the solenoidal magnetic field. The reconstructed dimuon invariant mass is 3.12 GeV.
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun2Collisions

Candidates / 0.06 GeV

J/W—= u+U- candidates in pp collisions @ |3 TeV pp collisions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/BPHYS-2015-001/
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Why p+Pb collisions?
Suppression of quarkonium yields in nucleus-nucleus collisions is one key feature of the hot
quark-gluon plasma (QGP), but the baseline should be determined from Cold Nuclear
Matter effects.

nuclear absorption;
modifications of parton distribution functions in nuclel (shadowing),
gluon saturation;

iInduced medium energy |oss.

Why pp collisions!?
Tests of QCD calculations at the perturbative / non-perturbative boundary.

Standard candles for Heavy lons, B-meson production, backgrounds to SM/BSM processes.
Test multiple parton scattering effects, parton density functions.
Search for rare decays and probes of new physics.



W(2S) and J/P @ 5.02 TeV p+Pb and @ 2.76 TeV pp
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-023/

do /dp_dy* x BR(J/p—>up) [nb/GeV]

do /dp_dy* x BR(JAp—up) [nb/GeV]

Double differential cross sections for prompt and
non-prompt J/\Y @ 5.02 TeV p+Pb
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Double differential cross sections for
J/AY and Y(2S) @ 2.76 TeV pp
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Nuclear modification factor J/P and Y(2S) @ 5.02 TeV p+Pb
ATLAS-CONF-2015-023
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Nuclear modification factor J/P and Y(2S) @ 5.02 TeV p+Pb
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J/Y and YP(29) ratios to Z yields @ 5.02 TeV p+Pb
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Uncorrected Self-Normalized Ratio

Corrected Self-Normalized Ratio

Self-normalized ratios for P(2S) and J/Y @ 5.02 TeV p+Pb
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Prompt double ratios @ 5.02 TeV p+Pb

Evidence for centrality dependence

Similar pattern as Z-normalized P (25)

Decreasing trend with centrality

ATLAS-CONF-2015-023
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Measurements of heavy quark production and suppression in ultra-
relativistic nuclear collisions probe the interactions of heavy quarks with the
hot, dense medium created In the collisions.

Measurement of the suppression of quarkonium yields: experimental
signature of the QGP formation.

Important complement to studies of light quark and gluon quenching.
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Suppression of heavy flavour muons in Pb+Pb @ 2.76 TeV
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Normalized J/y yield
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pp @ 7 and 8 TeV
Motivations

At the LHC possibility to explore kinematic regions of high pt ~ 100 GeV:

- test predictions of various theoretical models for both quarkonium and open state production;

- corrections over the LO (NLO, and NLL) + accurate quantitative comparison of data with
QCD predictions can be performed to discriminate among various quarkonium production
models (color singlet (CS) , color octet (CO or NRQCD), color evaporation (CE) , kT
factorization).

Understanding of quarkonium production requires discrimination and understanding of the various
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Differential cross-sections of J/\ and Y(2S) @ 7 and 8 TeV pp

ATLAS-CONFE-2015-024
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Ratios of theoretical predictions to data
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Agreement generally good, albeit theory predicts
slightly harder pr spectra for |}/ and higher yields
for \P(2S) than observed


https://cds.cern.ch/record/2031453

P(2S) = )/P(— P+H-)TT+TT- production cross section @ 7 TeV pp

muon pT > 4 GeV

pion candidate tracks pT> 0.5 GeV

unbinned mass-lifetime maximum likelihood fit to
separate prompt and non prompt production

components

extend pT range probed to 100 GeV
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http://link.springer.com/article/10.1007/JHEP09%282014%29079

Prompt P (2S)—)/P(— U+ U-)TT+TT- production @ 7 TeV pp
JHEP 09 (2014) 079

— 7 , , , : : — % 10 E-Prompt y(2S) data: lyl<0.75 W
%.) 1 06 = ATLAS Prompt y(2S) data %, ) ’ ‘ :
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Agreement with NRQCD, overestimate at highest pT never before explored

kT-factorisation model does not describe data well

Colour Singlet NNLO* predictions fall short at highest scales
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http://link.springer.com/article/10.1007/JHEP09%282014%29079

Non-prompt Y(2S)—}/P(— Y+U-)TT+TT- production @ 7 TeV pp

JHEP 09 (2014) 079
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Good agreement with NLO and FONLL predictions at low p, but discrepancies
observed In both at larger p
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Weighted utuy Candidates / (0.01 GeV)

Weighted u*uy Candidates / (0.15 ps)

X. = J/W(—up)Y(—ee) production @ 7 TeV pp
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HEP 07 (2014) 154

4

P-wave charmonium production!

Important to understand this production channel
to get a complete picture of quarkonium
production.

Experimentally challenging:

low p muons;

precise reconstruction of soft (pT~5

GeV) photon through conversions: low
efficiencies

unbinned maximum likelihood fit on
corrected mass and lifetime

extract the production of the X states
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http://link.springer.com/article/10.1007/JHEP07%282014%29154

Prompt X, = J/QY and 0(X,,)/0(X.,) ratio @ 7 TeV pp
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Fraction of prompt J/\p produced in X feed down = Prompt X, cross-section ratio
20-30% of prompt J/\P are produced in X decays more X | than X

ratio sensitive to presence of possible

HEP 07 (2014) 154

colour octet contributions in NRQCD
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http://link.springer.com/article/10.1007/JHEP07%282014%29154

p+Pb @ 5.02TeV and pp @ 2.76 TeV : Summary

*Measured differential cross sections, Reg for [/, R p, for /P and Y(25) via pp interpolation; non-prompt
component for J/P and P(2S).

‘Reg agrees with theoretical predictions that include shadowing effects based on EPSO9.

*Non-prompt |/ and P(2S) cross sections in pp: good agreement with FONLL predictions.

*R,pp of prompt and non-prompt J/\p:independent of centrality with centrality bias corrections.

*R,p, of prompt and non-prompt J/\p: above unity showing no significant dependence on pr and y*.

‘Pt y* dependence of prompt (2S) R, : not clear, but there is an overall enhancement integrated over
the whole kinematic region.

*Prompt W(2S) R, p, : decreasing trend from peripheral to central collisions, confirmed by the P(25) to Z
ratio.

*Prompt WY(2S) to J/P double ratio: no obvious rapidity dependence, but decreases with increasing event
activity.
Pb+Pb @ 2.76 TeV:

« Muons R :factor of ~ 2.5 suppression in the yield for most central compared to most peripheral
collisions.

* Normalized |/ yield : centrality dependent suppression.
Pp @ 7 and 8TeV:

* J/P, P(2S) brand new differential cross-sections of prompt and non-prompt production: 8 < |y| < 110 GeV,
[y] < 20.

 Prompt production and NRQCD predictions (including colour-octet contributions with .various
matrix elements tuned to earlier collider data): good agreement

+ Non prompt production and FNOLL predictions: reasonable agreement across pr and .

- P(25) (S-wave) and X _(P-wave): study production just below the open charm threshold to undertake feed-
down uncertainties. 32
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Delivered: 22.8 fb™
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Interpolation of pp data

[ po+ Vsp1 linear
o(Vs) ={ (Vs/po)?* power law
. po(1 —exp(—+Vs/p1))  exponential

Interpolation between pp data @ 2./6 TeV with /7 and 8 TeV
8.5-10 GeV in pT, only 2.76 and 7 TeV
10-30 GeV in pT: 2.76, 7 and 8 TeV
ATLAS-CONF-2015-023

L | L | L
ATLAS Preliminary
10 < p, < 30 GeV

T T T T | T T T T | T T T T
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Quarkonium/Heavy Flavour trigger @ 7 and 8 TeV pp

Mainly based on dimuon signatures with some analyses
using single-muon triggers

P (2S) EF_mu4mu6_Bmumu
B EF_mu4mu6_Upsimumu Y(ZS)

—e— EF_mu20

> [ T T T | T T T | T T T T T T | T T T | T T T
[)) Trigger . .

= 107 4, EF_omus_Dib ATLAS Preliminary
o = [ EF_2mu4_Jpsimumu

Lo B EF_2mu4_Bmumu

=~ 6 EF_2mu4_Upsimumu

g 1 O E I EF_mu4mu6_Jpsimumu Y(1 S)

= -

C

L

s =7TeV det~2.3fb"
1 1 1 | 1 1 ] | 1 1 1 | 1 1 1 | 1 1

1 | 1 1
4 6 8 10 12 14
m,, [GeV]

V)

Level-1:

HW based, fast muon detectors, coarse resolution “region-of-interest’” (Rol), dimuons with P >4 GeV
Level- 2 / Event Filter (EF):

SWV based, precise confirmation of the muons with Inner Detector track reconstruction, dimuon vertex

construction (inv. mass cut)
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Cross section evaluation for quarkonium analyses @ 7 and 8 TeV pp

_’ . ' '
For each channel Q= final: they depend on the unknown polarization

status of Q (spin alignment);

d’o 0 NCQo:;ﬁnal » the correction is evaluated for the isotropic
. BR(Q — final) = A Ay’ case and an envelope of variations is computed
p:ay L-Apr - Ay for the various polarizations. Example:
W(25) = T
. . . . . o 20 . — -
extr.ac’uon of the S|gn§1ls s obtained with = ' V<075  — lsotropic  ---r Longitudinal -
unbinned maximum likelihood methods; 18- —
E‘é 1 6: -------- Transverse 0 -'-' Transverse + ='-' Transverse - _
efficiency corrections for tracking, % | - : - Off-plane+ - - Off-plane - Envelope ]
reconstruction and triggering are obtained g 14L ... ~
with data driven methods (e.g., tag and I SRS L T 7
probe for the trigger); R R
1O e -
acceptance Correc_tlons’ _to re- 08:_ g = .........___:""'----...___;:I
cover the visible phase space Iin 06t | | ATLAS 1
pt and y for comparison with 10 20 30 40 50(268(.')) 70 a \1/00
CD predictions, are obtained v Pr =€V,
vaith sirﬁwula’cion' JHEP 07 (\20 | 4> 077
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http://link.springer.com/article/10.1007/JHEP09%282014%29079

Charmonia analyses @ 5.02 TeV p+Pb and @ 2.76 TeV pp

e muon candidates:

* acceptance
* combination of charged-particle tracks

reconstructed in the ID and MS

B0 o 1

w(2S) Acceptance ATLAS Internal
p$ >4 GeV
'l <2.4

E ATLAS Internal
25 e ﬁT‘ >4 GeV
- Inpl <24

Jhy p, [GeV]
=3
S
>
e}
o
.

v(2S) p, [GeV]

* muon pairs: :

151

10

* Oopposite sign charges and originating

.......................

from a common vertex T
* trigger efficiency:

* prompt and non-prompt processes

distinguished by * pseudo-proper time” €trigger — €L1 * €EF
Lyymyy,
T = TR
Pr et = 1—[1— €y (P, gl -mt)] - [1—ef'y (Do, @ b))
« weight applied: €EF = €gp(Pr1, 91 " M) * €gp(Pros @5 * 15)

* unbinned mass-lifetime maximum
ikelihood fit to separate prompt and
non prompt production components

-1 _
Wintal = A- €reco * €trig
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Charmonia analyses @ 5.02 TeV p+Pb

Elements iIn common:
* Same pPb data sample, same triggers, secondary dimuon vertex refitting

* Same muon selection criteria and reconstruction efficiency corrections

* Same version of |/ acceptance map

Elements that are different:

* Included P(25) in fit model; fit model was kept as similar as possible to 7 and 8
TeV analyses to reduce interpolation uncertainties

* Included 2.76 TeV pp data for calculation of RpPb

» Updated efficiency map from 8 TeV pp was used for LI trigger correction
* Finer-binned Event Filter efficiency map was used

* Centrality dependence was studied using several centrality estimators
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Open heavy flavour in Pb+Pb

Muon signal

extraction 3) Scattering angle 5) Composite discriminant
significance: (r =0.07/):
A
|) Separate muons s<k)—i[is-- 3 C:‘ Ifloss '
= \/ﬁ Z i £ J ID

(hea\/y fla\/our decays> =1 ]—k 1 D_,% 10:| I L L L B O O BN B B |S| T |I|(|)|8(|)°/|| T T 1 ]
from and o . - o salodon =
} deflections in the trajectory *®¥ o eoams
€Cays : ' : 8F — _ Background, 0-80%
4 resulting from decays In flight i o Baderouns oqom -
= - - Background, 60-80% -
2) Momentum balance 4) Take the maximum: 6F S -
= Simulation ]
S5¢ 5<p,<6GeV E
Aploss _ PID — PMS — Apculo(pe e }) S = max {lS (k)l, k = 1,2, } 42_ - |T|| < 1.05 _i
pID pID st | ‘| .. ATLAS Preliminary -
: Ptk TE :
C Distributions of- J“r{: B -
PYTHIA+HIJING 1 %..-L. E
momentum and O: _.! L1 | L1 1 1 | L1 ;-;- 1 I:'-- | -_-"E--L_*__l——l’——-l— |:
angle-dependent 0 01 02 03 04 05 06 07
C

average energy loss

of muons in the ATLAS-CONF-2012-050

calorimeter (from
MC simulations)
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€

Open heavy flavour in Pb+Pb @ 2.76 TeV

Signal extracted from a template fit

Efficiency for reconstructing 0-10% 60-80%
muons associated with HF
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Entries / 50 MeV

Predictions of direct production with

Upsilon (Yn—pup) production @ 7 TeV pp
Phys. Rev. D 87/, 052004 (2013)

x10°

3_I T | T T T T T T T
ATLAS

2_
- $

| Vs=7TeV det=1.8fb'1

—e— Data

—— Fitting results
Background
Y(1S) .
Y (2S) i
. Y(8Y) _

ly**1<1.20 :
20.0 < p:_“ <21.0GeV

12
m,, [GeV]

the NNLO* Color Singlet
Mechanism (CSM) and inclusive
predictions from the Color

Evaporation Model (CEM).
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Observation an excited of Bc* meson state @ 7 TeV and 8 TeV pp
Phys. Rev. Lett. 113, 212004 (2014) distributions of the right charge

invariant mass distributions of combinations
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The mass and decay of this state are consistent with expectations for
the second S-wave state of the B*c meson, B*c(25)
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B+— J/Y(—pp) K+ production @ 7 TeV pp
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Measurement of Br(B* = X_ K% @ 7 TeV pp
JHEP 07 (2014) 154 Bt — % Kt

Branching fraction measurement from
the Xc = J/P Y sample and the

reference BT — |/ KT
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