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Motivation

ALICE -~ During hard scattering processes heavy quarks (charm ¢, bottom 4 ) are produced

~ The production of charm-quark pairs provides an opportunity to study both Single Parton Scattering (SPS) and
Double Parton Scattering (DPS)

Pl

® Access the internal dynamics of protons
o0 Study the transverse-momentum dependent distributions of
gluonstHi2]
® Investigate the puzzle surrounding the quarkonium production SPS
mechanism(3!
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® Study the parton transverse profile and correlations!4]

1 o478
1 + 645 0pps _
® Improve our understanding of the background (Z + bb , W + W etc.) in

searches for new physics.
® Direct access to more than one parton scattering process

o Pocket formula: o, = ,0, =11f A = Belse 0
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Effective cross-section summary
HLICE IIIIIIIII|III|III

pp @13 TeV [5]
—— LHCb (J/w-J/v)
e . LHCb (JAw-Y(1S))
. LHCb (JAy-T(25))
pp @8 TeV
-~ ATLAS (J/y-Z°)*
o ATLAS (Jy-J/y)
o LHCb (Y (15)-D?)
pp @7 TeV @ The general purpose of DPS measurements 1s to measure the o,
ATLAS (JAy-WH)*
CMS ( ]/,f”_]l/;w)*) O Aim to validate its universality or probe its dependence on process and
LHCb (J/w-D")*
LHCb (D"-D")
ATLAS (W*-2 jets) ® The production of charm-hadron pairs at ALICE will serve as important
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The ALICE Detector Run 2

ALICE Time Projection Chamber (TPC) B ) e LY
o Charged-particle tracking and identificatie

Inner Tracking System (ITS)
@ Vertex reconstruction, track reconstruction

: {1/} ﬂ
s
VO detectors 2

o Triggering

Time Of Flight (TOF)
@ PID

u-Spectrometer
o Trigger and tracking

o Jhy — eTe™ and open heavy-flavour states measurements at mid-rapidity |7| < 0.9
o Jhw — uTu~ measurements with di-u triggered data at forward rapidity (2.5 < y < 4.0)
~ During Run 2, ALICE already conducted measurements of J/iy pair production at forward rapidity (2.5 <y < 4.0)



The ALICE Detector Run 3 (upgrade)

ALICE

TPC upgrade PEERE AW Y CRAYL ATm a aVAN
o New readout Gas Electron Multiplier detector
(GEM)
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New Muon Forward Tracker (MFT)
o Slayers of MAPS at forward rapidity
o Forward vertexing and muon tracking
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New Fast Interaction Trigger (FIT)
- Fast interaction trigger
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J/y pair production 1n pp collision at forward rapidity

Loop over all combinations of double di-u pairs in the same event:

- Compute the 2D invariant mass spectrum

© Arbitrary ordering between the double di-u pairs
- Model the 2D spectrum with J/yy shape constrained from the J/y standard alone analysis

J/ J/
F(ml, mz) — NSIJ/W,SZJ/W )( Si,/l/j(ml) X S‘zl/w(mz) + NBIJ/U/,Szf/l// X Bl l/j(ml) X SZ l/j(mz)

+ N g X SV (my) x ByV(m,) + N g X B"(my) x BJ"(my)

~ Acceptance-times-efficiency correction and lumi. normalisation

25<y,, <40

Di-J/yr
Mixed Signals and background
Double background
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Estimation of the non-prompt contribution

ALICE

® Inclusive o(J/y, Jiy) =10.3 X 2.3 (stat.) = 1.3 (syst.) nb 2

Estimation on the non-prompt contribution

® For single J/ys production:
© Gron—prompiJ/W) =2 X 6.2 X f x B(h, — > J/y+ X) fis the acc. simulated by PYTHIA 8

n

© pmmpt(J / W) — 1ncluswe(J / W) Ohon— prompt(J / Vf)

@ For the J/y pair production:
© Gron—prompi 31V 1Y) = 6% x a x B*(h, — > Iy + X) ais the acc.

© O mmpt(J Iy, Jy) = 1nc:1us1ve(J [y, Jy) = non— prompt(J [y, I y)

Assuming DPS production is the only production mechanism, the effective cross-section O/

can be calculated using the prompt source

7 [6] Phys.Rev.C 108 (2023) 045203
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Estimation on the eff.oc and Results discussion

ALICE
| | |_|_|_|_
J/WJ_/}P +J/ I CcMS, \(sr=1 3 TeV, Jap+Jhp+Jhp 7]
ALICE s=13 TeV, Jip+J/
. Forward-y LHCb, (13 TeeV, J/l]ljl::l/l;p 1 Gpmmpt(J / 1/1)2
- LHCb, Vs=13 TeV, Jap+y(2S) = 6.7 £ 1.6 (stat.) £ 2.7 (syst.) mb
J/ll-’ +x LHCDb, \s=13 TeV, J/y+Y(2S) 2 O (J/l/f J/l//)
—— CMS*, Vs=7 TeV, Jap+Jhyp prompt ’
—— ATL‘[A_S, \s=8 TeV, JAp+Jhp
. - DO, Vs=1.96 TeV, Jip+Jp
—, Mid-y, JAP+X DO, V5=1.96 TeV., JhpsY
— ppvagrfbaidii ® First charmonium pair production
—_— ATLAS*, Vs=8 TeV, Z+b—J/y

measurement in ALICE
® Despite caveats from SPS and DPS

— DO, Vs=1.96 TeV, y+3-jet
DO, Vs=1.96 TeV, 2-y+2-jet

— Y"'x DO, Vs=1.96 TeV, y+3-jet | | | |
e T Ve G ! contributions, this effective value aligns with
—_— Vs=1. A , _ _
i ATLAS, fou7 ToV, 410 quarkonium-pair production measurements

— CMS, Vs=7 TeV, 4-jet
CMS, Vs=13 TeV, 4-jet

—_—— CMS, Vs=7 TeV, W+2-jet
P W+X ATLAS, \s=7 TeV, W+2-jet . .
—a— CMS, Vs=13 TeV, WW ALICE requires more precise measurements

[7] QM2023, Andre Stahl talk



Improvement of ALICE detector (Run 3)

ALICE
Major upgrade of the ALICE detector (2019-2021), and in production since 2022

® Continuous readout: up to 500 kHz in pp and 50 kHz in Pb—Pb

® Full Online and Offline software upgrade (Oz2)

® Already now improvement 2—3 times Iin x-y direction and 5—6 in z direction
® Secondary vertexing at forward rapidity
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~ Excellent performance across all upgraded detectors



% Opportunities on ALICE Run 3
ALICE

2 DO, L =8.1fb"
< ® Data prompt [g]
. S SP MC
® In Run 3, ALICE has the possibility to conduct = = DP MC
. =] w2 Syst. uncertainty
many new analysis, such as: > L.
o Combined analyses of the central barrel-u 2*10
spectrometer B
o prompt / non-prompt separation for forward

rapidity J/y reconstruction
® SPS —-DPS separation sensitive to A(y)
® Exploit ALICE’s unique capabilities at the LHC to

extend A(V) coverage up to ~ 5 0 05 1 15 2 25 3 35 4
(y) 9 HP [An(Jy, Jhy))

[8] Phys. Rev. D 90, 111101
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Iy —DY at midrapidity

ALICE
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® Begin by examine the associated production of J/l//—DO using an unbinned maximum likelihood fit
® Account for reflections* from the DV reconstruction

® A notable associated signal of J/iy —D" can be observed | Ay(J/y, DY | <1.7

1 *reflection: DY — K~ z"and c.c.) built with the wrong mass hypothesis



Associated—D" with J/w at forward rapidity
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® Investigate the associated production of DY in conjunction with a forward rapidity J/ys
® Additionally, consider the presence of the y(25)
® improved S/B can be achieved in forward rapidity J/ys reconstruction

Cover the full Ay range up to ~5
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D"-D" at midrapidity

ALICE

DO same-sign pairs DY opposite-sign pairs

ALICE Performance D’ — K'n* and charge conj. ALICE Performance D’ - K'n* and charge conj
pp, Vs = 13.6 TeV DD + D D° pairs pp, Vs =13.6 TeV D°D° + DD pairs

T 1< p. < 50 GeV/c T 1<p T < 50 GeV/c

________ & 603

% 60=<_ e T P RN SR e T e, T % E ........
&) ] 50_—
ot ] = N
%E; 50_i L‘O E ........
= 7 ™ 40
" 40—; o) “
3 e

] 2 Y
@ 205 S OE
§ 10 10—

0 0
1.70 170 1.70

1.80
1.85
M(Dg 1.90
2

1.75
1.90 LR
(Gel//cé’) 1.95 i o

2\ . : Moy, § EENE
Ge\/® 1.9 e R

; 2
2.00 c2 | . GeV/c?)
205 205 ) 205 505 200 M(D) {

® Double open charm hadron production is also a crucial supplementary measurement
® Investigate the differences between D" same sign pairs (D' DY, DY - DY) and

Opposite sign pairs ( DY - DY) production
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Summary
ALICE

In ALICE Run 2

@ The first measurement of double J/y production was conducted using pp data

@ lIhe GeffiS consistent with measurements of open and hidden charm pair

production

In ALICE Run 3

® Thanks to the detector upgrades and the large data samples

© The J/l//—DO measurements are now feasible in pp and promising in Pob—PDb collisions.

© Cover the full Ay range up to ~ 5

Thank you for your attention!
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ALICE

Backup
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