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365 pages 
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Selected topics ... 9

● Perturbative / Non-perturbative transition
● How far can we push at low Q, W, &  large ®S 

challenging, but worthwhile  

● Low-x:   Extend the EIC reach
● Saturation, recombination, resummation, collective effects

● Heavy Quarks:    Multi-scale challenges 
● Strange: resolve the current strange PDF ambiguity
● Charm: threshold production; intrinsic charm???
● Bottom: complementary testing of charm issues
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Low Q
Low W

Low
 X



  

Higher Twist Olga Evdokimov

Eur. Phys. J. C (2014) 74:2814
DOI 10.1140/epjc/s10052-014-28

… not typically included
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Perturbative / Non-perturbative transition 12



  

Low-x
MuIC can greatly extend this region



  
Review: Edmond Iancu & Raju Venugopalan: arXiv:0303204

Hi 
Energy

Low 
Energy
g(x)

Nuclear medium effects:
● Quark Gluon Plasma
● Color Glass Condensate
● Recombination
● Saturation
● Resummation
● …    your theory here

Nuclear Medium Effects at small momentum fraction (x) 14

We gain a geometric  factor of   A1/3 



  

how can we determine the gluon

gg
N

15

Semi-Inclusive 
Hadron Production

Quarkonia 
Production

Measuring the nuclear Gluon PDF 15

Semi-Inclusive Hadron Production
Heavy Quark Production

Q = 2 GeV

nCTEQ15

nCTEQ15+SIH



  

CT Collaboration: 2108.06596 [hep-ph]

CT18x:  Saturation inspired ¹  modification
CT18sx: w/ HELL small-x resummation code

Resum

Sat.

Saturation inspired x-dependent 

Small-x resummation from HELL
Marco Bonvini, et al., Eur.Phys.J.C 76 (2016) 11, 597

Gluon is sensitive to small-x treatment 1
6

EIC
MuIC

SURGE 
collaboration 
will examine



  

Heavy Quarks
strange
charm
bottom

… multi-scale problem



  

Multi-Scale Problems are Challenging
Two-Loop Total Cross Section e+e-: One Scale

Two-Loop Drell-Yan Cross Section: Two Scales

Ref:
CTEQ

Handbook

18

New territory

ln(mb/Q) 
can spoil 

perturbation 
expansion

{mc, mb}
ideal theoretical
testing ground



  

Strange



  

Surprise:  …  LHC sees more strange than expected 20

ATLAS: Eur. Phys. J. C 77 (2017) 367

Surprise:
We expected rs = 1/2

LHC finds  rs > 1

We expect: At the LHC:

Proton
case

We observe similar effects in pPb



  

Phys.Rev.D 103 (2021) 7, 074023

Charm Jets at the EIC 21

Large Strange Uncertainty



  
Reconstructed XJB

Rs ~ 0.86
Rs ~ 0.56
Rs ~ 0.33

100 fb-1
M. Arratia, Y. Furletova, T.J. Hobbs, F. Olness, S.J. Sekula, 
Phys.Rev.D 103 (2021) 7, 074023

      The Strange PDF  from   Charm Jets at the EIC    22
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Enhanced Strange

Suppressed Strange

Clear measure of 
Strange PDF beyond 

uncertainties

W+s  → cjet

discrimination

harder with nuclei



  

Charm



  

Charm:  … intrinsic charm controversy 24

● threshold important
● non-monotonic shape
● ln(mc/Q) terms



  

Bottom



  

Multi-Scale Problems are Challenging
Two-Loop Total Cross Section e+e-: One Scale

Two-Loop Drell-Yan Cross Section: Two Scales

Ref:
CTEQ

Handbook

26

MuIC: new territory

ln(mb/Q) 
can spoil 

perturbation 
expansion

{mc, mb}
ideal theoretical
testing ground



  

Conclusions



  

Conclusions:    Build on & extend EIC Program 28

● Perturbative / Non-perturbative transition
● How far can we push at low Q, W, &  large ®S 

challenging, but worthwhile  

● Low-x:   Extend the EIC reach
● Saturation, recombination, resummation, collective effects

● Heavy Quarks:    Multi-scale challenges 
● Strange: resolve the current strange PDF ambiguity
● Charm: threshold production; intrinsic charm???
● Bottom: complementary testing of charm issues
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