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Motivation %

ALICE

¢ Heavy quarks (c, b) are primarily produced through hard scattering processes.

o The production of c-hadron pairs provides an opportunity to study both Single Parton Scattering ( )

and Double Parton Scattering (DPS).
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® Access the internal dynamics of protons ' ® Study the parton transverse profile and correlations [4

X s : / , A __B
o Study the transverse-momentum dependent distributions L o Pocket formula: o = 1 GA?'B Sun=1ifA=Belse0
of gluonsm 2] I'+0x8 oy

® Investigate the puzzle surrounding the quarkonium 'i @ Improve our understanding of the background (Z + bb,

: : [3]
RIRUERET e eanL W™ + W™ etc.) in searches for new physics
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Effective cross-section summary ®

ALICE
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The ALICE detector (Run 2)

T Oi-F

tInner Tracking System |
i Track reconstruction |
4t Vertex reconstruction ' |

ALICE

® Jw — eTe” and open heavy-

flavour states measurements
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at midrapidity (| y|< 0.9)
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measurements with di-u triggered

imrojeti'n Chamber| /
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data at forward rapidity (2.5 <y <
4.0)

1T spectrometer |
I Trigger and Tracking

During Run 2, ALICE already conducted measurements of J/ys pair production at forward

rapidity (2.5 <y < 4.0)



Jy—=J/y at forward rapidity: analysis strategy

Loop over all combinations of double di-x pairs in the same event: 25<y <4.0
. i <4

® Compute the 2D invariant mass spectrum
o Arbitrary ordering between the double di-u pairs
@ Model the 2D spectrum with J/ys shape constrained from the J/y standard alone analysis

ALICE
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Estimation of the non-prompt contribution %E
o Inclusive o(Jiy, Jay) = 10.3 + 2.3 (stat.) + 1.3 (syst) nb gAY J%

. . 0 400 Non- t J/
Estimation on the non-prompt contriouton ¢ Feaaeo. ‘fr_‘_p_“_’t”p %

@ For single J/ys production: Primary Vertex

© Opon_promptd/W) = 2 X 62 X f X B (h, — Iy + X), B is the acc. simulated by PYTHIA 8

b
LT
P Gprompt(‘] / W) i inclusive(J / l//) Y non—prompt(J / l//) J/w /
RO v Ly
@ Forthe J/y pair production: / —————— R
L
© Gpon—promptJ /W I/ W) = toal 5 o x B2 (hb — J/w + X) a is the acc. hg Iy /

O Gprompt(‘] / llja J / l//) I inc]usive(J / llja J / l/j) £ non—prompt(J/l//’ J/l//) X

Pengzhong Lu - HP2024 Nagasaki - 23/09/2024 [6] Phys.Rev.C 108 (2023) 045203



Estimation of the non-prompt contribution %E
@ Inclusive o(J/y, Jy) =10.3 x 2.3 (stat.) = 1.3 (syst.) nb i Prompt J%

] L A L Non- tJ/
Estimation on the non-prompt contribution W ik %

@ For single J/ys production: Primary Vertex

© Opon_promptd/W) = 2 X 62 X f X B (h, — Iy + X), B is the acc. simulated by PYTHIA 8

b
— [
P Gprompt(‘] / l//) o inclusive(J / l//) T IlOn—prompt(J / l//) T /
LA SLbLE ¢ 7\ —> [~
M, .
@ For the J/y pair production: / R
L
P Gnon—prompt(J/Wa Jy) = [t)%tal X a X B? (hb — J/y + X), a Is the acc. hg Iy /
s 7\ I l_
0 Gorompt W IW) = G cusive W TIW) = Gron om0 T 1) g

Assuming solely DPS production, one can calculate the o.¢ using the prompt sources

It is an approximation, since we
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Estimation on the eff. 0 and Results discussion
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ALICE

1 Gprompt(‘] / l//)z
2 Gprompt(J / 1/19 J / l//)

= 6.7 £ 1.6 (stat.) = 2.7 (syst.) mb

® First charmonium pair production measurement
in ALICE

® Despite caveats from SPS and DPS
contributions, this effective value aligns with
guarkonium-pair production measurements

ALICE requires more precise measurements

[7] QM2023, Andre Stahl talk
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ALICE detector upgrades for 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—PDb
o Full Online and Offline software upgrade (O32)
® Already now improvement 2—3 times in x-y direction and 5—6 in z direction

® Secondary vertexing at forward rapidity ,
& Excellent performance across all upgraded detectors

e
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Opportunities on ALICE Run 3

ALICE
bl : DO, L =8.11fb"
@ In Run 3, ALICE has the possibility to conduct many wfs&m e
new analyses, such as: - SIF; II\\/IAg

s Syst. uncertainty

o Combined analyses of the central barrel — i

—
o

N, ont/AlAN(J y, /)

spectrometer (DO(|y| < 0.8)-J/w(2.5 <y < 4.0))

o Prompt/non-prompt separation for forward rapidity J/ys

reconstruction

@ SPS -DPS separation sensitive to Ay
® Exploit ALICE’s unigue capabilities at the LHC to

extend Ay coverage up to ~ 5 1
e B N S AR VR

IAN(J/ vy, J/y)
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JAy—DO at midrapidity ()

ALICE
ALICE Performance
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® Begin by examine the associated production of J/yy—D0% using an unbinned maximum likelihood fit.

. * 0 "
® Account for reflections” from the D9 reconstruction. | Ay(J/w, DO | < 1.7

® A notable associated signal of J/iwy—D?0 can be observed.

_ *reflection: D°( — K~z "and c.c.) built with the wrong mass hypothesis 1 1
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JIy (2.5 <y <4.0)-DO
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® Investigate the associated production of D9 in conjunction with a forward rapidity J/y.

@ Additionally, consider the presence of the y(25).

1.3 < |AyJ/y, DY) | < 4.8

@ Improved §/B can be achieved in forward rapidity J/y reconstruction.

Cover the full Ay range up to ~ 5 12
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D0—-DO0 at midrapidity | Ay(D%, D% | < 1.6

ALICE
DO same-sign pairs DO opposite-sign pairs
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® Double open charm hadron production is also a crucial supplementary measurement.

® Investigate the differences between DC same-sign pairs (D'-DY, D’-D") and opposite-sign

pairs (D"-D') production.
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Summary ®

ALICE

In ALICE Run 2:

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

® The o.4 Is consistent with measurements of open and hidden charm pair production.

In ALICE Run 3:

® Thanks to the detector upgrades and the large data samples,
o The Jy—D%measurements are now feasible in pp and promising in Pb—Pb collisions

o Extend the Ay coverage upto ~ 5

/iy ‘ ) % ! p : 4 i 4 . ! ,{ 4 f I
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ALICE

Additional slides



Double charm production in p—Pb collisions

SPS
pl
= 1nA 2 T T
agg 1'8;_ LHCb il
® The double c-hadron are correlated in SPS, uncorrelated in DPS s OF  Rw-sieTey UL
AR
INYA = T
® Correlations can be modified relative to pp due to the nuclear effects: 1E—fH gﬁ 3
0.8 i
i K 'Enterria et al. N
o Modifications of the nuclear PDF? s AN R O
0.2F + Iy D" =
o Cronin effect, energy loss crossing nucleus, hydrodynamic effects? Y AT TR S Do
y(D°, Jly)
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