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Motivations dm@h

e Naively: “Cold Nuclear Matter effects as HI baseline”
e Now, numerous new Iinsights:
= J/P production mechanisms

= saturation scale in QCD

= medium-induced gluon radiation
= shadowing + other modifications of gluon PDFs
= absorption of the QQ pair

= |on-direction observables vs. proton-direction
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Method

e Measure dimuons

e Trigger: 1+ MUO at L1; 2 muons > 2 GeV, full scan Event Filter

e [wo largely independent analyses:

= May 2015 J/p paper - arXiv:1505.08141 [hep-ex]

= June 2015 J/P and P(2S) - ATLAS-CONFE-2015-023
e Separate prompt from non-prompt (b-quarks) J/p and P(2S)
e Analysis ranges: 8.5 < pT <30 GeV, |y*| < 1.94 (1.5)

e Perform weighted simultaneous fit to invariant mass and lifetime
to subtract background, separate prompt/non-prompt charmonia

e \Weights: L1 trigger, Event Filter, reconstruction efticiency,
acceptance
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Ingredients of
simultaneous fit

PDF(m,7) = 3, ki fi(m)- hi(t) ®g(7)
CB: Crystal ball function

G: Gaussian

E: Exponential

g: Double Gaussian

§: Delta Function

Type  Source fi(m) hi(t)
JWS P wCBi(m)+(1-w)Gi(m) (1)
JWS NP wCBi(m)+ (1 -w)Gi(m) E(1)
p(25)S P wiCBym) + (1 - wi)Galm) — 6(7)
W(25)S NP wiCBy(m) + (1 - w;)Go(m)  Ex(7)
Bkg P flat o(T)
Bkg NP E3 (m) E4(T )
Bkg NP Es(m) Es(|l)
4



C¢o/dy*dpr, prompt and non-prompt

Non-prompt fraction vs. y* and pr

RFs vS. Y™ and pr, prompt and non-prompt




Differential production cross section vs. pr

J/Y in p+Pb, in ion beam direction
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Prompt drops faster than J/{ from b
Measurement precision quite good!
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Differential production cross section vs. pr

Prompt drops faster than J/i from b
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J/Y in p+Pb, in proton beam direction
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Comparison to FONLL (pp) calculation ixs| )
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FONLL: M. Cacciari, M. Greco and P. Nason, JHEP 9805 P, [GeV]
(1998) 007 [arXiv:hep-ph/9803400]; M. Cacciari, S. Frixione
and P. Nason, JHEP 0103 (2001) 006 [arXiv:hep-ph/0102134].
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Comparison to FONLL (pp) calculation i @J
Nonprompt J/i in p+Pb, in proton beam direction®

| | | | | | | | | | | | | | | | | | | | | | | | I | |
E - ATLAS -
5 102 5 2013 p+Pb, 28.1 nb™" _
- [ _
— : e sy= 5.02 TeV ]
= - _
’:TL i B 0<y*<1.94 -
E; i _ Data, |
T 10k 2 Nonprompt J/y —
an Z 7]
X N « FONLL ]
%, “Data are ~consistent with the }
oF . FONLL pp heavy quark
2 calculation ¢
0@ 15" within (large) uncertainties E
T | ] | I | | | | I | | ] | | | | ] ] I ] ] | ] | ] T
10 15 20 25 30

FONLL: M. Cacciari, M. Greco and P. Nason, JHEP 9805 0. [GeV]
(1998) 007 [arXiv:hep-ph/9803400]; M. Cacciari, S. Frixione !
and P. Nason, JHEP 0103 (2001) 006 [arXiv:hep-ph/0102134].

Will Brooks - J/y and y(2S) Production in p-Pb Collisions at 5.02 TeV with ATLAS - Hard Probes 2015, McGill University, June 2015 9




Comparison to FONLL (pp) calculation

Nonprompt J/y in p+Pb vs. y*
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Nonprompt fraction

Nonprompt fraction for J/y in p+Pb vs. pr fiﬁ
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Nonprompt fraction
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Differential production cross section for :
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Forward-backward ratio e

Nonprompt J/ in p+Pb vs. y*
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Differential production cross sections
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Non prompt qJ(ZS) and J/l/) in 2 76 TeV p+p vs. pr ====,
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Check of centrality
behavior by
normalizing to
number of Z bosons:

Ny/Nz vs. FCal Ex

J/ appears to be flat

Decreasing trend for P(2S)

==z

10

14

12

10 < p’ <30 GeV ATLAS Preliminary 7
I~ T -
—  15<y,/<15 p+Pb {5 =5.02TeV ~ —

Prompt JAp to Z ratio

8_ —

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

0 20 40 60 80

i 77—
5'2 NZ [ I I I I ]
i 10 < pi* <30 GeV ATLAS Preliminary |

15<y, <15 p+Pb \s, = 5.02 TeV
8~ 30<y_*<20 ]
z Non-Prompt JAyp to Z ratio

0 20 40 60 80
E™? [GeV]
9-2 ,\‘2 IIIIIIIIIIIIIIIIIII |
LTS p! <30 GeV ATLAS Preliminary |
15<y *<15 p+PDb \sy, = 5.02 TeV
0.8~ 3.0<y," <20 —

Prompt y(2S) to Z ratio

0.2 + + —
0 |||||||||||||||||||
0 20 40 60 80

| Prompt J/y

- J/Y fromb

Prompt ¢(2S)

20



Uncorrected Self-Normalized Ratio

Check of centrality behavior o %%’

using ‘self-normalized ratios’ e

3.5 | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T ’l':
" —e— Prompt JAy ATLAS Preliminary ] N
3 Non-Prompt J/y p+Pb \'sy, = 5.02 Tey,"" ] w P
5 52 —a— Prompt ¢(25) - v Nev .
g e Z '#' * ] NO—90%
2: —= CMS Y(1S) | N P
- . - O - 90%
1.5 i $ el - ev
3 8 - FCal pFCal
: e . ET T cent
O W ] p—
- %0 . EFC’al EFC’al
O _' | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ] T T O - 90%
0 0.5 1 1.5 2 2.5 3 3.5
E_IIZ_CaI / < E_I;Cal>
(@) 3.5_! LI I R R L LI B I B B By B B B B 7 -'(_3 3'5_' L L L L L |.I ' T /’:
Es C e Prompt Jiyp ATLAS Preliminary .~ - = " —e— Prompt Jiy ATLAS Preliminary .
o 3:_ —— Non-Prompt JAy p+Pb |5 = 5.02 Teyx"' E 3 3:_ —— Non-Prompt J/y p+Pb |s =5.02 TeV B
ﬁ -~ —a— Prompt ¢(2S) . % 5 5:_ —=— Prompt ¢(25) ’ ’ E
g 2.5:— o7 - g . E —— 7 % ]
) - . o) - N
2 2 P = % t E
3 u 4 ] @ - ]
% - ] % - :
72 = E 1.5 =
5 1OF i $ T n 3 n i $ T .
_,g C '," i -'6 - ’,"‘ _]
o = + -] o = + .
g - $ . . ) N @ :
C ] O - . ]
O T ] 05— & . ]
0.5 - * Glauber (w_=0) . E ’ GGCF (0,=0.11) E
O:¢ :' 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 : O_’ . . . | I . . . | . . . . | : : : : | : : : . | : : : : | I I I . a
0 0.5 1 1.5 2 25 3 35 0 0.5 1 1.5 2 2.5 3 3.5

E'||:'0aI/< E:Cal> E'||:'0a|/< E:—Cal> 27



Ratio of prompt (2S) to J/y vs. FCal Er i @;
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Evidence for centrality dependence E7* [GeV]

Similar pattern as Z-normalized y(2S)
Decreasing trend with centrality; magnitude > ALICE’s
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Roeo(WRS)/R (1)
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Prompt double ratio vs. FCal ET and y* == a@h
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Conclusions

Measurement of J/iy and ¥(2S) production in p-Pb
collisions at 5.02 TeV - first precise quarkonia results
from ion beams in ATLAS!

Measured differential cross sections, Rrs for J/i, Rppo
for Jw and yY(2S) via pp interpolation; nonprompt
fraction, single and double ratios, for J/i and y(2S)

Separation: prompt and nonprompt (b) components

Nuclear medium effects seen in a number of
observables and hints in others - most prominently:

= Rrg significantly larger than ALICE’s (at forward y*)
= Roppo>1 for J/ and Y(2S), ~all measured kinematics

= Double ratio of ¥(2S)/J/yp enhanced at low centrality
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Inverse average weight

Inverse average weight
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ALICE
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ALICE P(2S) results (1)
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et
Comparison of the two ATLAS J/{ analyses == a@h

Elements in common:

e Same pPb data sample, same triggers, secondary dimuon vertex refitting
e Same muon selection criteria and reconstruction efficiency corrections

e Same version of J/ acceptance map

Elements that are different:;

e I[ncluded 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 Rppp

e Updated efficiency map from 8 TeV pp was used for L1 trigger correction
e Finer-binned Event Filter efficiency map was used

e Centrality dependence was studied using several centrality estimators

Will Brooks - J/y and y(2S) Production in p-Pb Collisions at 5.02 TeV with ATLAS - Hard Probes 2015, McGill University, June 2015 38
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Definition of y~ e,

y* = —(Yiap + 0.465) 0+Pb run period A

Y = Yiap — 0.465 0+Pb run period B

v* is defined as positive In the proton beam direction
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Definition of pseudo-proper time

Ly,

Ty,
P

T

where Lxy IS the projection of the decay
length on the transverse plane
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