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Quarkonium Production Model

Phys.Rept. 889 (2020) 1-106 & EPJC (2016) 76:107 for reviews

® No agreement on which mechanism is dominant
[see C. Van Hulse talk on Monday]
e Differences in the treatment of the hadronization
® 3 common models:
1. COLOR SINGLET MODEL:
hadronization w/o gluon emission; colour and spin are preserved
during the hadronization
2. NRQCD AND COLOR OCTET MECHANISM:
higher Fock states of the mesons taken into account; QQ can be
produced in octet states with different quantum number as the
meson;
3. COLOR EVAPORATION MODEL:
based on quark-hadron duality;
only the invariant mass matters; semi-soft gluons emissions;
color-wise decorrelated ct prod. and hadr.
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The CSM up to aa? reproduces J/¢ photoproduction at HERA

— we will restrict to CSM for our EIC predictions
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VENS = 3FS*[1-(1-¢0)?)] + (4FS - CT)*e, VENS (no IC) &3 R .
103 ce=01 Js = 45 Gey ® Same LO VFNS computation previously
1GeV .
G0 2209 shown in green except for the
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o = | . .
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W - e But it is clearly observable if ¢ = 0.1
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e Same LO VFNS computation previously

shown in green except for the
charm-detection efficiency ¢:

dU'VFNS — dl7'3FS [1 o (-] o EC)Z} + (dg.AFS o d(TCT)EC

At /Sep = 45 GeV, yield limited to low
Pr even with £ = 100 fb~"

But it is clearly observable if ¢ = 0.1
with ©(500,50,5) events for

£ = (100,10,1) fb~"

At \/Sep = 140 GeV, Pr range up to

10 GeV with up to thousands of events
with £ =100 fb~’

Could be observed via charm jet
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shown in green except for the
charm-detection efficiency ¢:
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® At /Sep = 45 GeV, yield limited to low
Pr even with £ = 100 fb~"

e But it is clearly observable if ¢ = 0.1
with ©(500,50,5) events for
£ = (100,10,1) fb~"

® At ,/Sep = 140 GeV, Py range up to
10 GeV with up to thousands of events
with £ =100 fb~’

® Could be observed via charm jet

® 4FS yc — J/c depends on c(x) and could be enhanced by intrinsic charm
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® Could be observed via charm jet
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® 4FS yc — J/c depends on c(x) and could be enhanced by intrinsic charm

® Small effect at | /Sep = 140 GeV [We used IC ¢(x) encoded in CT14NNLO]
® Measurable effect at /Sep = 45 GeV: BHPS valence-like peak visible!
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Conclusions

e No agreement on the quarkonium-inclusive-production mechanisms

® For quarkonium production, QCD corrections with Pr-enhanced topologies are

known to be important
We have revisited J/¢ photoproduction at HERA

® (CSM can describe the latest HERA photoproduction data
Agreement improved when accounting for J/¢+charm and b — J/ FD contributions

® We have presented the first QCD-correction study to inclusive J/y
photoproduction at the EIC

[for leptoproduction (Q? # 0): See Jw. qiu et al. 200510832 OF S. Rajesh talk (today, 10:37, Spin Phys. WG)]

1/Sep = 140 GeV:
® + + g QED contribution [new!] leading at large Pr
® 4+ g fusion mostly dominant
® J/ip+charm jet accessible
® J/y +2jets accessible

/Sep = 45 GeV:
® -+ g QED contribution [new!] leading at high Py
® J/y-+charm sensitive to charm PDFs
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Kinematics and cross section
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® Sep = (Pe+ Pp)? = 4EeEp; Syp = W2, = (P + Pp)?; Py = XyPe, S0 Syp = X, Sep

in the proton rest frame

Po-P,
o 77— PQPp

® cross section:

do _ /1 dx 2XaPrfy /e(Xy, Qfax)fa/p (Xa (X7), 1iF)
dzdPr — Jymin 7 z(1-2)

1 2
X W\M(’y+a% Q+R)I%,

2 _m2 2 2
Mz m z and Xm'n _ Ms sz
Xy Sep2(1 z) Sepz(1-2)

® WW distribution
1+ (1 - XY)Z Qmax 2 1
ln +2max.
X“Y Qz ( ) e Qmax Qz ( )

min min

where xq =

o

fW/E(X’V/ Q?nax) = E

where Q2. (x,) = m3x2/(1—x,)

NLO J/¢ photoproduction at large P, DIS 2021
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VFNS treatment of J/y+charm yield
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J/¥~+charm production follows from

® y+g—J/Pp+c+T@and (3FS)
o y+{cc}—J/p+{cc}@an? (4FS)

1 2
doye—sy/prc = m dxe fesp(Xe, )

X |M75%]/¢c|2dq)(P7/Pc — P, Pc),
with
ferp (e, 12) = L)) (xe, 1) + O(a2),
where

2 o dz X
o) = 52 t0g (12) [ Loty (€.12)

with AP splitting function Pgq(2) = 1 [22 +(1-2) } Overlap CT to be subtracted
from 3FS:

dUCT,yC—>j/1p+c = ﬁdxcf /p XC,yF |M7c—>}/tpc| d®(p,, pc — Po,pe)-

NLO J/¢ photoproduction at large P, DIS 2021
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b — J/y feed-down
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1 T T
H1 data: HERA2 [EPJC (2012) 72:2148] e 10 H1 data: HERA2 [EPJC 68, 401 (2010)] e+
LO+PS (no tuning, original Pythia 8.2) — H1 data: HERA2 [EPJC 68, 401 (2010)] (b — J/y subtracted) &
10° ¢ LO+PS (tuned) 55 3 100 b— /¢ (Pythia, tuned) 7%
=3 Nip=38+05 s — WE= PR =My
WF = pR = my 2 - m, = 15GeV
o my, = 4.75 GeV' 9 101 - CTI4NLO
-1 CTI4NLO s
g 2
2 - 102 ]
g %= 10
~ . o
= no tuning = ~
=102 < 10% E
I3 =
~ o — <
2 4 T 04 -
3 ~ o 10 i
103, 3 v Vs =319GeV. z
=319Gev £ 5 . 5[ Vs=319Ge £
Q<162 3 T 10° FQi<25Ge =
0.05 <y <0.65 < (T)’Ta >< 172%,9 X
(o)L in(B)l <2 g 10°6 [ 60 GeV < Woy, < 240 Gev It
104 L . . . . . . . . . s
2 4 6 8 10 12 14 16 18 20 1 10 100
(Pr(b)) [GeV] P? [Gev?)
H1 bb production from EPJC 72 (2012) 2148  [Note: (P (b)) = /(P + %) /2
Nfp = 3.8 & 0.5 estimated via x> —minimisation b — J/¢ tuned with PYTHIA 8.2

roduction at large Py, DIS 2021
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