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Photoproduction of J/Ψ
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  Ultra-peripheral collisions

• Electromagnetic field of Lorentz-contracted nuclei can be seen as a flux of quasi real 

photons.


• The intensity of the photon flux is proportional to .


• For an impact parameter larger than the sum of the radii of the nuclei:


•  Strong interactions are strongly suppressed.


• Photon induced processes remain.


These processes are called Ultra-peripheral collisions.
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• Center-of-mass energy of the photon-nucleus 
system:





• The momentum transferred -t is related to the 
transverse momentum of the :


W2
γPb = sNNMJ/Ψe−y

J/Ψ

| t | = p2
T
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  Incoherent photoproduction of J/  vector mesonsΨ

• The incoherent photoproduction of a vector meson measures the interaction 
with one nucleon inside the target nucleus: 


• Characterized by  of the 


• two cases:


• The nucleon remains intact


• The nucleon gets excited and dissociates after the interaction


• In both cases the nucleus breaks up and one or more neutrons are produced 
at forward direction.


We can measure the  (equivalently ) dependence of this process for 
different rapidities (equivalently ).

pT > 300 MeV/c J/Ψ

pT | t |
WγPb
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• The cross section for incoherent production, in a Good-Walker 
approach, is proportional to the variance of the fluctuations of the 
gluon field.





where the amplitude  depends on the gluon distribution of the 
target.


Predictions including fluctuations at the sub-nucleon scale predict 
a different dependence on 

dσγPb

dt
inc
T,L =

(RT,L
g )2

16π ⟨ Aj(x, Q2, ⃗Δ)T,L

2

⟩
j

− ⟨Aj(x, Q2, ⃗Δ)T,L⟩j

2

A

| t |
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FIG. 1: Coherent (thick) and incoherent (thin lines) di↵rac-
tive J/ production cross section as a function of t, with (solid
lines) and without (dashed lines) subnucleonic fluctuations.
The band shows statistical uncertainty of the calculation.

Thus we shall only calculate the cross section in the re-
gion where xP . 0.015. At

p
sNN = 2.76 TeV this cor-

responds to |y| . 2.5, at
p

sNN = 5.02 TeV to |y| . 3 in
the case of J/ production.

V. RESULTS

The coherent and incoherent J/ production cross sec-
tions in ultraperipheral Pb+Pb collisions at

p
sNN =

5.02 TeV calculated using the Boosted Gaussian wave
function are shown in Fig. 1. The cross sections at
y = 0 are first calculated without subnucleonic fluctu-
ations, and then including both the geometric and Qs

normalization fluctuations for the nucleons. Only the
three first coherent peaks are shown, as calculating the
average becomes numerically challenging at high |t| [19].
Further, it will be hard to measure the coherent cross
section in this regime.

We find that the coherent cross section is slightly re-
duced when the subnucleon scale fluctuations are in-
cluded. This change is caused by the modification of the
impact parameter dependence of the dipole amplitude
discussed in Sec. II.

Below |t| . 0.25 GeV2, where one is sensitive only to
fluctuations on length scales larger than the nucleon size,
the incoherent cross section is approximately the same
with and without nucleon structure fluctuations. On the
other hand, at larger |t| subnucleonic fluctuations clearly
modify the slope of the incoherent cross section. The |t|
value 0.25 GeV2, where the incoherent cross section be-
comes sensitive to subnucleonic fluctuations, corresponds
to a distance scale ⇠ 0.4 fm, which is of the order of the
sizes of the gluonic hot spots in the nucleon (their root
mean square radius is

p
2Bq ⇡ 0.24 fm). Preliminary

ALICE data on exclusive J/ production [43] show that
the change in slope occurs around

p
�t ⇡ pT ⇠ 0.5 GeV,

which is in quantitative agreement with our results.
Next, we compare our results with the total (t inte-

grated) J/ production cross sections measured by AL-
ICE [8, 9] and CMS [10] at

p
sNN = 2.76 TeV as a

function of the J/ rapidity. The results for coherent
and incoherent di↵raction are shown in Figs. 2 and 3, re-
spectively. We show results obtained by using both the
Boosted Gaussian and Gaus-LC wave functions for the
J/ . Similarly to previous literature [27], we find that
the di↵erent wave functions mainly a↵ect the overall nor-
malization of the cross section.
In Fig. 2 we see that the coherent cross section is

somewhat reduced when subnucleonic fluctuations are
included. This change is comparable to the model un-
certainties related to the J/ wave function. In particu-
lar, we find that replacing the Boosted Gaussian by the
Gaus-LC parametrization, both the coherent and inco-
herent (shown in Fig. 3) cross sections are reduced by
approximately 20%.
Using the Boosted Gaussian wave function, without

subnucleon scale fluctuations, the coherent cross section
is significantly overestimated, as in Ref. [27], and the
incoherent cross section agrees with the data. Includ-
ing geometric fluctuations increases the incoherent cross
section almost by a factor of 2, and the results are con-
sistently above the data for both processes. The rapidity
dependence of the data is well reproduced. Results with
subnucleon scale fluctuations obtained with the Gaus-LC
wave function are close to the experimental data for the
coherent cross section and slightly higher for the incoher-
ent cross section. At midrapidity, the ALICE coherent
cross section datapoint is overestimated by 1.3� and the
incoherent cross section by 2�. We note that there is
tension between the HERA e + p data where the coher-
ent cross section is underestimated by our model with
subnucleonic fluctuations [32].
To reduce model uncertainties related to the vector

meson wave function we study the ratio of incoherent to
coherent cross section. Our results are compared to the
ALICE data [8] at

p
sNN = 2.76 TeV in Fig. 4. It can

be seen that inclusion of the subnucleonic fluctuations
brings this ratio to a level compatible with the exper-
imental data. The ratio is found to be approximately
independent of rapidity and we confirm that the depen-
dence on the vector meson wave function is very weak.
Predictions for the J/ rapidity distribution in ultra-

peripheral Pb+Pb collisions at
p

sNN = 5.02 TeV are
shown in Figs. 5 and 6. As for the lower energy, we find
that the subnucleon scale geometric fluctuations have a
large e↵ect on the incoherent cross section. The ratio of
the cross sections for the two processes for

p
sNN = 5.02

TeV decreases due to larger saturation e↵ects on the in-
coherent cross section [18]. Numerically this e↵ect is
small in the LHC energy range, and we find that atp

sNN = 5.02 TeV the ratio decreases by 0.5 . . . 3%.
Finally, in Fig. 7 we show |t|-spectra for J/ pro-

Incoherent (thin lines) diffractive J/Psi  production cross section as a function of |t|, with (solid) 
and without (dashed) sub nucleonic fluctuation.

 Can be found here: http://inspirehep.net/record/1519841

http://inspirehep.net/record/1519841


•Either nucleus can serve as a photon emitter or as the target:
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UPC cross section of photo produced J/  Ψ

Calculated photon flux

Measured cross section

J/  cross section on range of x of order Ψ 10−2 J/  cross section on range of x of order Ψ 10−5

Extract the two contributions.
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dσPbPb→J/ΨPbPb(y)
dy

= NγPb(y) ⋅ σγPb→J/ΨPb(y) + NγPb(−y) ⋅ σγPb→J/ΨPb(−y)

x =
MJ/Ψ

sNN
e−y



•It was proposed to separate the large and small energy contributions to the cross section by tagging the production of neutrons at beam rapidities.


•Neutrons measured in Zero Degree Calorimeters


•Separation into two break-up classes: (0nXn) and (Xn0n)
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Proposed here: http://inspirehep.net/record/1273593
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dσXn0n
PbPb→J/ΨX(y)

dy
= NXn0n

γPb (−y) ⋅ σγPb→J/ΨX(−y)dσ0nXn
PbPb→J/ΨX(y)

dy
= N0nXn

γPb (y) ⋅ σγPb→J/ΨX(y)

dσPbPb→J/ΨPbPb(y)
dy

= NγPb(y) ⋅ σγPb→J/ΨPb(y) + NγPb(−y) ⋅ σγPb→J/ΨPb(−y)

 high-x gluon


 low energy photon

→

→

 low-x gluon


 high energy photon

→

→

Proposed here: http://inspirehep.net/record/1273593
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Analysis



• Data sample: Muon Calo pass 3:PbPb 2018 MUON: periods q,r


• Trigger: CMUP6-NOPF-MUFAST = !0VBA & 0MUL


• !0VBA: no signal in V0A detector with beam-beam timing


• 0MUL: low  unlike sign muon trigger


• Used anchored MC LHC18q and LHC18r data periods, labeled as LHC18l7

−pT

Vendulka Fílová

Analyzed data
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Data selection4 ALICE Analysis Note 2012

Cut Number of survivors
Preselection criteria

AOD events 92106524
Events selected in good runs 91422936
Trigger information found 85482
At least one muon track 85482
Two good muon tracks 85482

Offline selection criteria
Selected with CMUP6 trigger 85482
General kinematics selection 64889

No SPD tracklets 49342
ADA(C) decision 48861

Empty V0A 46801
Maximum 2 cells fired and matched to muons in V0C 40339

Rapidity �4.0 < yµ+µ� <�2.5 40339
Mass cut 2.85 < Mµ+µ� < 3.35 GeV/c2 23531

Cut pT > 0.3 GeV/c 6622

Table 1: Table of events that survived each cut in the preselection and selection of the data used for the
analysis. General kinemtics cut stands for selection in mass and transverse momentum: 2.0 < Mµ+µ� <
6.0 GeV/c2 and pT < 5.0 GeV/c

where NJ/y is the number of incoherent J/y candidates extracted from the mass fit, fC is the coefficient
of coherent contamination in the sample, fD is the coeffiecient of the feed-down events, (Acc⇥ e)J/y
is the acceptance and efficiency of the reconstruction, BR(J/y ! µ+µ�) is the branching ratio of J/y
decaying into dimuon pair, Lint is the integrated luminosity of the sample and Dy, DpT are the interval
widths of rapidity and transverse momentum.

Since the J/y yield obtained from the mass fits is contaminated by the J/y candidates that were produced
either coherently or from the feed-down of y 0, the number of pure incoherent J/y events is obtained as:

Ninc =
NJ/y

1+ fC + fD
, (2)

where values fC and fD are described and calculated in Sec. 4.3, 4.4.

4.1 Yield of J/y candidates

Incoherent J/y enriched sample with transverse momentum range 0.3 < pT < 1.5 GeV/c in the mass
range 2.0 < mµ+µ� < 6.0 GeV/c2 was fitted with a double-sided Crystal Ball (DSCB) function and the
background with an exponential function with a polynomial tail.

The tail parameters of the DSCB function aR,aL were fixed to the values obtained from fitting the in-
variant mass distributions of reconstructed Monte Carlo (MC) events from kIncohJpsiToMu data sample.
The MC data underwent the same rapidity and transverse momentum selection. The invariant mass dis-
tributions of kIncohJpsiToMu data sample in different rapidity and transverse momentum bins can be
found in the appendix.

The peak of y 0 was also fitted with a DSCB function with the same parameter values as for J/y a with
fixed value of the y 0 invariant mass my 0=3.686 GeV/c2.

The invariant mass distribution for the full range of measured rapidity and full range of pT is shown in
Fig. 1. The J/y yield was calculated as the integral of the DSCB in J/y mass range, 2.85 < mµ+µ� <

13

This part of the selection is 
done in LEGO trains.

• General kinematics:


•  GeV/ 


• 


•  GeV/

2.0 < mμ+μ− < 6.0 c2

−4.0 < y < − 2.5

pT < 5.0 c
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Cross section

Signal obtained from the invariant mass fit

Coefficient of 
coherent 

contamination

Coefficient of 
feed-down 

contamination
Efficiency 

(Tracking from 
Monte Carlo, 
vetoes from 

special samples)

Integrated luminosity

Lint = 533 μb−1

Branching ratio 
  

0.05961±0.00033 
here

J/Ψ → μ+μ−

14

d2σJ/Ψ

dydpT
=

NJ/Ψ

(1 + fC + fD) ⋅ (A × ϵ)J/Ψ ⋅ BR(J/Ψ → μ+μ−) ⋅ Lint ⋅ Δy ⋅ ΔpT

Binning

https://pdglive.lbl.gov/Particle.action?init=0&node=M070&home=MXXX025
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Signal extraction



Vendulka Fílová

Signal extraction
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Preliminary  = 5.02 TeVNNsALICE, Pb-Pb 
 < 0.50

T
p-4.00 < y < -3.25, 0.30 < ZDC class = 5

# Entries = 1131

 0.004± = 3.107 ψJ/m

  30±(2.85,3.35) = 667 ψJ/N

  31± = 691 ψJ/N

 0.000± = 1.000 2a

 0.000± = 1.000 3a

 0.004± = 0.156 4a

 0.110±lambda = -1.175 

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

0.006 -0.308 -0.031 -0.358 0.102 1.000

0.114 0.030 -0.052 -0.322 1.000 0.102

-0.126 0.065 0.067 1.000 -0.322 -0.358

-0.045 -0.086 1.000 0.067 -0.052 -0.031

0.389 1.000 -0.086 0.065 0.030 -0.308

1.000 0.389 -0.045 -0.126 0.114 0.006

a4 lambda mjpsi nBkgd nJPsi nPsi2s

nPsi2s

nJPsi

nBkgd

mjpsi

lambda

a4

ZDC class = 5 means there is no neutron classes separation

bin (GeV/c) -4.0<y<-3.25 -3.25<y<-2.5

(0.3; 0.5) 691±31 627±29

(0.5; 0.7) 533±26 476±25

(0.7; 0.9) 462±23 370±21

(0.9; 1.2) 540±24 427±22

(1.2; 1.5) 387±20 307±19

• Individual fits are in the backup.
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Signal extraction

Signal obtained from the invariant mass fit

Coefficient of 
coherent 

contamination

Coefficient of 
feed-down 

contamination
Efficiency 

(Tracking from 
Monte Carlo, 
vetoes from 

special samples)

Integrated luminosity

Lint = 533 μb−1
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d2σJ/Ψ

dydpT
=

NJ/Ψ

(1 + fC + fD) ⋅ (A × ϵ)J/Ψ ⋅ BR(J/Ψ → μ+μ−) ⋅ Lint ⋅ Δy ⋅ ΔpT

BinningBranching ratio 
  

0.05961±0.00033 
here

J/Ψ → μ+μ−

https://pdglive.lbl.gov/Particle.action?init=0&node=M070&home=MXXX025
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Coherent and feed-down contamination coefficients
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Transverse momentum distribution

19
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 < 3.35µµm-4.00 < y < -3.25, 2.85 < 
ZDC class = 5

Data

ψCoherent J/

ψIncoherent J/

ψ  J/→' ψCoh. 

ψ  J/→' ψIncoh. 

Nucleon disoc.

1−

0.8−
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0.2−

0

0.2

0.4

0.6

0.8

1

-0.561 0.237 1.000

-0.051 1.000 0.237

1.000 -0.051 -0.561

NIncohJpsiToX jpsiCoh jpsiIncoh

jpsiIncoh

jpsiCoh

NIncohJpsiToX

• Transverse momentum fit is used to extract the contribution from coherent production and feed-down.
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Coherent and feed-down contamination coefficients

20

  f pTbin
C =

NpTbin
coh

NpTbin
incoh + NpTbin

disoc

Coherent contamination 
coefficient -4<y<-3.25 -3.25<y<-2.5

(0.3,0.5) 0.087±0.004 0.124±0.007

(0.5,0.7) 0.006±0.000 0.008±0.000

(0.7,0.9) 0.001±0.000 0.002±0.000

(0.9,1.2) 0.001±0.000 0.001±0.000

(1.2,1.5) 0.000±0.000 0.000±0.000

Feed-down contamination 
coefficient -4<y<-3.25 -3.25<y<-2.5

(0.3,0.5) 0.156±0.007 0.210±0.011

(0.5,0.7) 0.018±0.002 0.018±0.002

(0.7,0.9) 0.006±0.001 0.005±0.001

(0.9,1.2) 0.002±0.000 0.001±0.000

(1.2,1.5) 0.000±0.000 0.000±0.000

  
 
f pTbin
DCoh =

NpTbin
cohΨ′￼

NpTbin
incohJ/Ψ + NpTbin

disocJ/Ψ
f pTbin
DIncoh =

NpTbin
incohΨ′￼

NpTbin
incohJ/Ψ + NpTbin

disocJ/Ψ

f pTbin
D = f pTbin

DCoh + f pTbin
DIncoh
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Efficiency of reconstructed events (A × ϵ)MC

Signal obtained from the invariant mass fit

Coefficient of 
coherent 

contamination

Coefficient of 
feed-down 

contamination
Efficiency 

(Tracking from 
Monte Carlo, 
vetoes from 

special samples)

Integrated luminosity

Lint = 533 μb−1

21

d2σJ/Ψ

dydpT
=

NJ/Ψ

(1 + fC + fD) ⋅ (A × ϵ)J/Ψ ⋅ BR(J/Ψ → μ+μ−) ⋅ Lint ⋅ Δy ⋅ ΔpT

BinningBranching ratio 
  

0.05961±0.00033 
here

J/Ψ → μ+μ−

In the back-up

https://pdglive.lbl.gov/Particle.action?init=0&node=M070&home=MXXX025
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Cross section
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UPC cross section
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Separation into neutron classes (0nXn) and (Xn0n)
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UPC cross section
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• Low energy 
 • David’s measurement 
 • High energy 
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Photon lead cross section

(0nXn) (Xn0n)
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Goal: photon lead energy dependence
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Summary and outlook

•The UPC cross section for incoherent  photoproduction in rapidity and  bins was reported.


•Separation into nuclear break-up classes and first results were shown.


•Still some work left: systematics, neutron migration,…


J/Ψ pT

28
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Stay tuned! And thank you for your attention!
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Backup

30

Signal extraction



• J/  signal is extracted from a fit to the invariant mass distribution of the muon pair


• Fitting function: Double-sided crystal ball


• MC incoherent J/  sample studied:


• Parameters  are fixed to .


•  fixed first, then  fixed.


• Background fitted  with an exponential with polynomial tail in first two  bins


• Some of the parameters were fixed.


• Background in last three bins was fitted with an exponential function.

Ψ

Ψ

n n = 10

σL, σR αL, αR

pT

Vendulka Fílová

Signal extraction
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# Entries = 780

 0.004± = 3.104 ψJ/m

  25±(2.85,3.35) = 513 ψJ/N

  26± = 530 ψJ/N

 0.000± = 0.000 2a

 0.024± = 0.137 3a

 0.000± = 0.005 4a
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Preliminary  = 5.02 TeVNNsALICE, Pb-Pb 
 < 0.50

T
p-4.00 < y < -3.25, 0.30 < ZDC class = 5

# Entries = 1131

 0.004± = 3.103 ψJ/m

  30±(2.85,3.35) = 665 ψJ/N
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Backup: Signal extraction: -4.0<y<-3.25
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Preliminary  = 5.02 TeVNNsALICE, Pb-Pb 
 < 0.90

T
p-4.00 < y < -3.25, 0.70 < ZDC class = 5

# Entries = 576

 0.004± = 3.106 ψJ/m

  22±(2.85,3.35) = 446 ψJ/N

  23± = 461 ψJ/N

 0.162±lambda = -0.357 

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

-0.234 0.041 -0.373 0.059 1.000

0.036 0.005 -0.196 1.000 0.059

0.037 -0.025 1.000 -0.196 -0.373

-0.074 1.000 -0.025 0.005 0.041

1.000 -0.074 0.037 0.036 -0.234

lambda mjpsi nBkgd nJPsi nPsi2s

nPsi2s

nJPsi

nBkgd

mjpsi

lambda

Background fitted with exponential

Fixed



Vendulka Fílová

Backup: Signal extraction: -4.0<y<-3.25
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Preliminary  = 5.02 TeVNNsALICE, Pb-Pb 
 < 1.20

T
p-4.00 < y < -3.25, 0.90 < ZDC class = 5

# Entries = 621

 0.004± = 3.104 ψJ/m
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Preliminary  = 5.02 TeVNNsALICE, Pb-Pb 
 < 1.50

T
p-4.00 < y < -3.25, 1.20 < ZDC class = 5

# Entries = 440
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Preliminary  = 5.02 TeVNNsALICE, Pb-Pb 
 < 0.70

T
p-3.25 < y < -2.50, 0.50 < ZDC class = 5

# Entries = 720
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Preliminary  = 5.02 TeVNNsALICE, Pb-Pb 
 < 0.50

T
p-3.25 < y < -2.50, 0.30 < ZDC class = 5

# Entries = 1098
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Backup: Signal extraction: -3.25<y<-2.5
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Preliminary  = 5.02 TeVNNsALICE, Pb-Pb 
 < 0.90

T
p-3.25 < y < -2.50, 0.70 < ZDC class = 5

# Entries = 529
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  20±(2.85,3.35) = 361 ψJ/N
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Backup: Signal extraction: -3.25<y<-2.5
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Preliminary  = 5.02 TeVNNsALICE, Pb-Pb 
 < 1.20

T
p-3.25 < y < -2.50, 0.90 < ZDC class = 5

# Entries = 599

 0.004± = 3.131 ψJ/m

  22±(2.85,3.35) = 417 ψJ/N

  22± = 427 ψJ/N
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Preliminary  = 5.02 TeVNNsALICE, Pb-Pb 
 < 1.50

T
p-3.25 < y < -2.50, 1.20 < ZDC class = 5

# Entries = 416
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  18±(2.85,3.35) = 299 ψJ/N
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Extraction of signal in small  bins for the fits of  distributionpT pT



• Signal for  distribution obtained by fitting  invariant mass in range 
 in small  bins


• DSCB was used, parameters were fixed, except the mass.


• Background fitted with exponential.

pT μ+μ−
2.85 < mμμ < 3.45 GeV/c2 pT

Vendulka Fílová

Transverse momentum distribution

37

Pt bin (GeV/c) Pt step
1. (0.,0.15) 0.01
2. (0.15,0.2) 0.025
3. (0.2,0.3) 0.05
4. (0.3,1.0) 0.1
5. (1.0,2.0) 0.2
6. (2.0,3.5) 0.5
7. (3.5,5.0) 1.5
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Backup: Signal for  distribution: Invariant mass fits in small  binspT pT
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Acceptance and efficiency
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Efficiency of reconstructed events (A × ϵ)MC
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• Give with  


• T h e M o n t e C a r l o d a t a s a m p l e : 
kIncohJpsiToMu: incoherent 


•  : number of events that fulfilled the 
same selection as the selection for the 




•  : number of events within the 
rapidity range and  bin


• Plots are in the backup.

(A × ϵ)MC =
N rec

MC

Ngen
MC

J/Ψ → μ+μ−

N rec
MC

J/Ψ

Ngen
MC

pT

-4<y<-3.25 -3.25<y<-2.5

(0.3,0.5) 0.1330 0.1014

(0.5,0.7) 0.1326 0.1005

(0.7,0.9) 0.1333 0.0987

(0.9,1.2) 0.1382 0.0983

(1.2,1.5) 0.1540 0.1018

Total (0.3,1.5) 0.1332 0.1006
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