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Open and Hidden Heavy ATLAS
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Flavours in p+A collisions

e contain heavy c or b quarks

* interact strongly with medium produced in nucleus-nucleus collisions — cold and
hot matter effects
* in p+A collisions — should only contain cold matter effects
* modification of nuclear PDF & parton energy loss as initial-state effect
* absorption in medium as final state effect

« DY and D* mesons are also used to measure D*-hadron correlations (see
correlation talk by Qipeng Hu )

Nuclear modification factor Forward to backward yield ratio double ratio
Oms) do(0(nS))/dprdy*(y* > 0 o(nS)
1 0y . (0(nS))/dprdy”(y™ > 0) oms)jos)  Reny
Rppp = 575 do(0(nS))/dprdy*(y* < 0) = —=
PP = 208 O(ms) Pray ¥ pPb RO(15)

pp pPb

O(nS) = measured meson
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ATLAS detector @AT LAS

2013 p+Pb @ 5.02 TeV
e‘e( * 28 le_l

Barrel w°‘{f§\ N2 | 2015 p+p @ 5.02 TeV
. o \ _“[+ * 25.0 pb—l

w32

2016 p+Pb @ 8.16 TeV
...... - e 763ub7?

Muon trigger
In| < 2.4

Y = yiap - 0.465
positive in proton beam direction
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D meson measurements in p+Pb at
VSNN — 8.16 TeV

New results

* September 2017 D meson production- ATLAS-CONF-2017-073
* 2016 p+Pb /Syy = 8.16 TeV
» correlation partin talk by Qipeng Hu
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Reconstructed decay channels
D° - Kmand D* - D°n, » Knm, (m,- ,,50ft“ pion)

* Reconstructed primary vertex

e Pairs of oppositely- charged tracks, p%’”k > 1 GeV, combined to form D° candidate

(1.7 < m(Km) < 2.0 GeV)
« D% topological cuts
secondary vertex probability (x? fit) &
€oS .y, - closeto 1 e
ny/J(ny)
e ,soft” pion g for D*
track with pr > 400 MeV
D* candidate invariant mass distribution for fit
Am = m(Knng) — m(Km) ’
* non- prompt substracted based on pp FONLL E’D':"”"L‘_'::”'E't" o
b — D at the 8 TeV

D" transverse
momentum
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Weighted Events / 5 MeV
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Fit of D? and D*
invariant mass distributions

$ATLAS
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m(Kn) [GeV]

m(Knx) - m(Kr) [MeV]

ATLAS-CONF-2017-073
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Differential cross section for @ATLAS
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prompt production

o} T ' T T T T T T T ] o) - L e L A S B

= 140 Prompt D° Production ATLAS Preliminary ] = 14~ Prompt D* Producton ~ ATLAS Preliminary —
-8|%‘ - 3<p,<30GeV p+Pb \s,, =8.16 TeV, 76.3 ub™" ] Sl L 5< p, <30 GeV p+Pb {5, = 8.16 TeV, 76.3 ub™” ]
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y* y*

Measured charm meson production cross sections are compatible ATLAS-CONF-2017-073

with extrapolated FONLL x Ap;, from 7 & 8 TeV to 8.16 TeV
prediction within uncertainties. FONLL model
arXiv: 1205.6344 [hep-ph]
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No significant modification of D® and D* production in forward direction with respect to

backward has been observed. Hint of D relative modification at low pr, but large
uncertainties.

ATLAS-CONF-2017-073
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Quarkonia measurements

New results

e September 2017 Quarkonia p+Pb paper — arXiv:1709.03089
* 2013 p+Pb /Syy = 5.02 TeV and 2015 p+p +/s = 5.02 TeV
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https://arxiv.org/abs/1709.03089
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Muon trigger : different for p+Pb and pp
* p+Pb: at least one muon at hardware level (pé‘ > 0GeV, n| < 2.4),
2 muons with pr > 2 GeV in offline trigger
* pp: 2 muons candidates at hardware level (p? >4 GevV, |n| < 2.4)
candidates are muons with opposite charge in offline level

Di-muon range
« p+Pb(nS): pr* € (8.5;30) GeV,—2 < y* < 1.5
« p+PbY(nS): pr* € (0;40) GeV,—-2 < y* < 1.5

20/09/2017 10



Yield extraction ATLAS
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P (ns) Y (nS)

Weighted 2D unbinned maximum Weighted unbinned 1D maximum
likelihood fit likehood fit

e dimuon invariant mass and e dimuon invariant mass only
lifetime e per-dimuon weight: trigger,

« per-dimuon weight: trigger, reconstruction, acceptance
reconstruction, acceptance » different acceptance for each

e extract fraction of prompt and state
non-prompt * Background parametrisation is

pr dependent.

Low prt < 6 GeV or
integrated over pr range
High p7* > 6 GeV

20/09/2017 11
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Nuclear modification factor of
quarkonia (R.;,)
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] ATLAS p+Pb, {5y = 5.02 TeV
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- +7Y(19) =
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The J /3 Rypp as a function of py is consistent with unity

across py range, for lower pr both ATLAS Y (1S) and ALICE
inclusive J /1y are showing suppresion comparable to pp.

20/09/2017

o

ATLAS Y (15)
ATLAS prompt J /¢

ALICE inclusive J /4y

Ropp # 1 means
modification by
nuclear effects

arXiv:1709.03089

12



CTu

/%%é Excited states — Double ratio @ATLAS

o all centralities

W

Y(nS)/ Y(1S)

l.er ] Double ratio for
i ATLAS ] both excited states
E I | bbb bbbt 7 shows suppression
N - . compared to pp
0.8 + + _ _ collisions. The
_ . + i measured double
i ] ratio agrees with
0.6— 4 ATLAS,p_<40 TeV — "
| pp.Vs=502TeV, L=25pb”, |y|<2.0 i CMS and theory
L p+Pb, |5 =5.02TeV, L=28nb",-2.0<y*< 1.5 - prediction.
0.4/~ _
- -<-CMS 7]
| pp,(s=276TeV, L=54pb", |y|<1.93 i
| p+Pb, =502TeV, L=31nb™", |y*|<1.93 | double ratio
0.2~ P*Por Vo ° o Y] i 20(nS)
B — Comover Interaction (E.G. Ferreiro, Phys. Lett. B 731(2014)57) ] 251(25)/0(15) = %
| pPb
0 Y(2S)/Y(1S) Y(3S)/Y(1S) _
arXiv:1709.03089
Y (25)/Y (15) Y (35)/Y (15)
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y(2S) / Jy
pPb

P(ns)
2_ T | I ]
- ATLAS p+Pb, S =5.02TeV, L =28 nb" ]
. 8<p <40GeV pp, Vs =5.02 TeV, L = 25 pb'
1.5 20<y*<15
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Excited states - Double ratios

IIIIIIIII

Prompt y(2S) to J/y Double Ratio

IIllIlIIIlIIII'I

0 |

40 - 90

Double ratios of ¥ (2S) and Y (2S5) are decreasing slightly with

centrality with significance level of one sigma.
Y (35) is inconclusive due to uncertainty.

20/09/2017
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Quarkonia and D meson productions in p+Pb collisions are presented.

e D meson

* Yields are consistent with FONLL prediction from pp after scaling by
mass number of Pb nucleus.

* Forward to background ratio R;z shows no significant asymmetry in
production for prompt D° and D* mesons within |y*| < 0.5.

 The poster D meson production and long-range azimuthal correlation in
8.16 TeV p+Pb collisions with ATLAS by Qipeng Hu.
* Quarkonia

* Prompt]/y Rppp ShOWS no obvious pr dependence and is consistent
with unity.

* ForY (1S) R, we observe suppression at low py.

* Excited states are more suppressed with respect to the ground state and
show slight centrality dependence.

» Ratios of quarkonia ground states to Z boson are independent on event
activity and scale with the number of binary collisions.

e ATLAS HI Public Results

20/09/2017 16
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Additional slides
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Pseudo-proper decay time

_ Lyymyy,

Tm:
Pr

L,, = projection of decay length on the transverse plane

18
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Definition of y* @

*y* = Ylab - 0465
y'= —(YViap + 0.465)

due to shift of center of mass

y* is defined as positive in proton beam direction

19



Nuclear modification factor R,
and R,

CZECH TECHNICAL

NAA
R,, =
A4 T (Tya) X oPP

« N44_per-event yield of quarkonia states in A+A collisions

* (T44) - mean nuclear function ¥

* oPP - cross section in pp collisions

~ 1 dZO_£+Pb/dy " de
AP q2gTTP [dy * dpy

R4

RCent _ (1/N€C1%lt> dsz+Pb/dyde|cent

pA (Tpr>Cent d?oP?P /dydpr

20/09y20/Lp17

N
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Exited states - Double ratios
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Double ratio of

significance in y* and Y (nS) are less than unity by more than
2 sigmas.
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F*

1 (2S) have decreasing trend with one sigma

arXiv:1709.03089
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Nuclear modification factor of

Y (15) (Rypp)
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D meson
FNOLL error contributions

* renormalisation & factorisation scale variations
e charm quark mass & PDFs uncertainty
for more reference: arXiv: 1205.6344 [hep-ph]
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