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pisciaimer

Species Energy Luminosity e polarization p/A polarization
(fo")
Year 1 e+Ru or e+Cu 10 x 115 0.9 N/A N/A
e+d (21 weeks) 10 x 130 9.2 N/A N/A
Year 2
e+p (5 weeks) 10 x 130 0.95-1.03 N/A trans?
Year 3 e+p 10 x 130 4.95 -5.33 N/A trans & long
e+Au (13 weeks) 10 x 100 0.42 N/A N/A
Year 4
e+p (13 weeks) 10 x 250 3.09 - 4.59 N/A trans & long
e+Au (13 weeks) 10 x 100 0.42 N/A N/A
Year 5
e+3He (13 weeks) | 10 x 166 4.33 N/A trans & long
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visciaimer

Species Energy Luminosity e polarization p/A polarization
(fo")
Year 1 e+Ru or e+Cu 10 x 115 0.9 N/A N/A
e+d (21 weeks) 10 x 130 9.2 N/A N/A
Year 2
e+p (5 weeks) 10 x 130 0.95-1.03 N/A trans?
Year 3 e+p 10 x 130 4.95 -5.33 N/A trans & long
e+Au (13 weeks) 10 x 100 0.42 N/A N/A
Year 4
e+p (13 weeks) 10 x 250 3.09 - 4.59 N/A trans & long
e+Au (13 weeks) 10 x 100 0.42 N/A N/A
Year 5
e+°He (13 weeks) | 10 x 166 4.33 N/A trans & long

No electron polarization

No/little mention of TMD/GPD

Not everything in the YR is included here
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visciairmer

Species Energy Luminosity e polarization p/A polarization
(fo")
Year 1 e+Ru or e+Cu 10 x 115 0.9 N/A N/A
e+d (21 weeks) 10 x 130 9.2 N/A N/A
Year 2
e+p (5 weeks) 10 x 130 0.95-1.03 N/A trans?
Year 3 e+p 10 x 130 4.95 -5.33 N/A trans & long
e+Au (13 weeks) 10 x 100 0.42 N/A N/A
Year 4
e+p (13 weeks) 10 x 250 3.09 - 4.59 N/A trans & long
e+Au (13 weeks) 10 x 100 0.42 N/A N/A
Year 5
e+°He (13 weeks) | 10 x 166 4.33 N/A trans & long

No electron polarization

No/little mention of TMD/GPD

Not everything in the YR is included here

*
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don’t believe these results
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with YR filter
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with YR filter without YR filter
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with YR filter without perfect detector filter




Observables
that we know
“We I J)

(but we can always improve)




Af/f (0?2 =10 GeV?)

e+p NC DIS for collinear proton PDFs

simulated in YR: &, . ~ 100 fb~! +CC, +NCe+d £, ., ~ 10 fb~!
expected . L.~ 10 fb_l
e MeHTIOSEIC NC e+p DIS
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Results depend strongly on the PDF set used
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Af/f (0?2 =10 GeV?)

6/26

e+p NC DIS for collinear proton PDFs

simulated in YR: Z; . ~ 100 fb~! +CC, +NC e+d Z;,, ~ 10 fb™"
expected L.~ 10 fb~! w0 NC e+p DIS, charm

u

= MSHT20
T MSHT20+EIC NC e+p DIS —~
S
u d &
o
—
I
S
=
Yo
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X X X

1073 1071 1073 10°1 1073 1071
X X X

Results depend strongly on the PDF set used



Af/f (0?2 =10 GeV?)

6/26

e+p NC DIS for collinear proton PDFs

simulated in YR: &, . ~ 100 fb~! +CC, +NC e+d &, ~ 10 fb~!

. _1 MSHT?2
. gim ~ 10fb m= MSHT20 NC e+p DIS, charm

77 MSHT20+EIC

expected

u

[ MSHT20 NC e+p DIS

[0 MSHT20+EIC

u d

Af/ff  (Q? =10 GeV?)

0.25 0.50 0.25 0.50 0.25 0.50
X X X

% (double) tagged “free” neutron
\ .
VR o IR » N3LO (approx.) available

X X x * bottom possible?

Results depend strongly on the PDF set used
& intrinsic charm unlikely



AfPIAUIFPIAL - (Q2 =10 GeV?)

e+A NC DIS for nuclear PDFs

simulated in YR: &, . ~ 10 fb~!
expected L.~ 1fb!

EE nTuyu2l NC e+p DIS

70 nTuJu2l+EIC

1073 1071 1073 1071 1073 1071
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10 GeV?)

Q%=

Afp/Au /fp/Au
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e+A NC DIS for nuclear PDFs

simulated in YR: &, . ~ 10 fb~!

. ~1
expected L~ 1fb
= nTuu2l NC e+p DIS, charm
70 nTuju2l+EIC
1.1} u
1.0
‘% 0.9
W nTuju21 NC e+p DIS ©
70 nTuJu2l+EIC T 1.1
1.1 Ng 1.0
< 0.9
1.0 o)
% 1.1
0.9 Lo
1.1 0.9
0.25 0.50 0.25 0.50 0.25 0.50
1.0 X X X
0.9
1 * light nuclei
Lo % N3LO (approx.) available
0.9 *_ bottom possible?

& A-dependence not possible



8/26

SIDIS in e+p (light hadrons)

simulated in YR: &, . ~ 10 fb~!
expected : L~ 10fb™!  wm pssia

7 DSS14+EIC
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SIDIS in e+p (light hadrons)

simulated in YR: &, . ~ 10 fb~!

expected : L~ 10fb™!  wm pssia

7 DSS14+EIC
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AfIf  (Q? =10 GeV?)
o r
© o
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0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75
» N2LO fully available z z z

% new COMPASS data (2410.12005 [hep-ex])



https://arxiv.org/abs/2410.12005

Observables about
which we know at
least something

(in no particular order}
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Hadron formation in-medium for low energies (suppression at HERMES and JLAB)

Hadron formation outside the medium for EIC?
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Hadron formation in-medium for low energies (suppression at HERMES and JLAB)

Hadron formation outside the medium for EIC?

NFF24
NFF24+EIC
11+ U . d | S *
1_0-_ ...................................................................................... _ ...................................................................................... _ ...................................................................................... >< NeW (glObaI)
L 097 i . extraction of nFFs.
> _
O 1 1 1 1 1 1 1 1 1
= T g A nFF2_4 by M. Doradau, R.T.
| _ _ _ Martinez, R. Sassot, M.
(SR — I R R Stratmann, 2411.08222 [hep-ph]
2 09¢f - -
i: _1 ] 1 ] ] ] ] ] ]
g 11p 9 - S - ¢
10 .-_ ...................................................................................... .-_ ...................................................................................... .-_ ...................................................................................... ><< JLAB Fe data
097 i i poorly described
0.I25 0.::30 0.I75 0.I25 0.::30 0.175 O.I25 O.::SO 0.175 (Wrt Pb)

V4 V4 V4
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Frrvdvy 111 OoOVIIV 11T T/

Longer formation times, hadronization expected inside the medium?

Discriminating power for different theoretical models.

2.0 [ 2.0 [
| D” at 10 GeV (e) x 100 GeV (A) ; | B at 10 GeV (e) x 100 GeV (A) |
I 2GeV<pr<3 GeV — —2<n<0 I 2GeV<pr<3 GeV _'
N sZiooZolos===T=IITRM I
— SR EEEEEEEE R % . 1 = | e asiiomm====So
= 1.0 B e ez === < 1.0 SAUN NI TTTITTITITIE T N
o NS
N
0.5 — —2<n<0 \:\;
: in-medium evolution s [ --- O<n<2 \;
: f 2<n<4
e —————r—. T . ————.
03 04 05 06 07 08 09 03 04 05 06 07 08 09
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Di-nadron rragmentaton runctions

Mostly related with polarised collisions, but still some things can be done.
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Flon strucuure rancuons

e
N
10¢ .
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SFYR: &, ~ 100fb~!
expected: &,  ~ 10 fb~!

0.5

JAM
B L EIC

0.47

valence

=R
8 02
0.11
00 oot 0 04 06 08
X
* Sullivan process proposed
for pion GPDs



14/26

Fion rorm ractors

1 ' | 1 | 1 | I
., Amendolia et al.

0.6 - ® Ackermann p(e,e’n*)n

. A Brauel et al. (Reanalyzed)

m JLab (F_-1)

o JLab (F_-2)

0.5 _|{{ JLab 12 GeV (projected errors)

FFYR: &, ~20fb~!

0.4 - S S I
" * e ¥ -
- . Projected EIC 5(e) x 100(p) )
-\6» 0.3— ..‘~._ Bihabede B
0‘2 Bakulev Hard QCD B
Melntichouk Duality
0.1 Hutauruk Cloet & Thomas BSE+NJL |-
Nesterenko & Radyushkin QSR
Roberts et al Dyson—-Schwinger
J.P.B.C. de Melo et al Light Front QFT
000 I 1 I I I I I T
0 10 20 30
Q* (GeV?)

expected: &, ~ 10 fb~!
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Fion rorm r1actors

] ' | ] | ] | !
, Amendolia et al.

0.6 - ® Ackermann p(e,e’nn*)n

. A Brauel et al. (Reanalyzed)

m JLab (F_-1)

o JLab (F_-2)

05 _|{{ JLab 12 GeV (projected errors)

FFYR: &, ~20fb~!

0.4 - S S I
. * e 4 -
- T Projected EIC 5(e) x 100(p) )
-\é’ 0.3— ..‘~._ Bihabede B
0’2 Bakulev Hard QCD B
Melntichouk Duality
0.1 Hutauruk Cloet & Thomas BSE+NJL |-
Nesterenko & Radyushkin QSR
Roberts et al Dyson—-Schwinger
J.P.B.C. de Melo et al Light Front QFT
0.0 l 1 I | I || I I
0 10 20 30
Q° (GeV?)

* Also possible to measure nucleon form factors



mmcidsive aiiracuorn 10r vruvrs

—t [GeV?]

Ep = 100 GeV

[ [ [
B 6=05+10mrad —
8 = 7 mrad
~ 8=5mrad 7
—— kin. limit

access to FL
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meciusive airiractorn 10r vrors

—t [GeV?]

1.4

1.2

Ep = 100 GeV

| | | |
B 6=05+10mrad —
0 = 7 mrad
B O=5mrad 7
access to FL

zZ

zZ

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
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Quark DPDF from 5% simulations
Ep =275 GeV, E¢ =18 GeV, Q? > 5 GeV?, § < 0.1, 375 data points.

;;;;;;;;

| dominated by syst.
uncertainties (5%)

L p2 =60 GeV?
1 | | | |
0 02 04 06 038
z
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0.16
0.14
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0.1
0.08
0.06

gint ~ sz_l

p? =20 GeV?

1 1 | 1 1 1 |

02 04 06 08 1
z

ZIEUS-SJ[ wi
Fit S (A) ]
Fit S (B)
it S (C)

(C) mm

p2 = 200 GeV? i
| | 1




16/26

Diffractive cross-sections

p
0.9 08 0.7 06 05 04 0.3 0.2
- I I I I I I I I
1.8 ¢ I
1.6 |
14 saturation model
o -
QO 12k
> B
S 1 - - --- - oo e e e e e e oo -
o 0.8 - Q%2=5GeV?
© C x=1x103
0.6 —
0.4 —  15GeV on 100 GeV
T E JLdt=11fbT/A shadowing model (LTS)
%2 Eur. Phys... A52 (2016), 268
O | ] | | | 1 I ] | ] | ] | 1 I |
107" 1 10

M2 (GeV?)
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21ITdCUVvVe CIUoO~oC L LIVITO

B
0.9 08 07 06 05 04 03 0.2
- | | IS R B — |
1.8 ¢~_|
1.6 |
140 saturation model
[ -
O 12
> B
< |
O g8l Q°=5GeV?
© = x=1x1073 . I
o6 T 0T S
0.4 — 15 GeV on 100 GeV
T E [Ldt =1 fb 1/A shadowing model (LTS)
%2 Eur. Phys.J. A52 (2016), 268
O [ | ] | | | 1 | ] | ] | ] ] ] | |
107" 1 10
M2 (GeV?)

numerator :day 503 measurement (year 2, p)

denominator: day 1096 measurement (years 4 and 5, Au) NEW!
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| AN N ECASA TR AY] UI_JGI Hl IUIU_HI WWAAWEIVIEIN

|s factorisation broken?

Z. Phys. C 68 (1995) 113-120 2o ep =€ + 2jets + X +V @ VS =92 GeV
Rept.Prog.Phys. 85 (2022) 12, 126301 — H1 2006 Fit B
JHEP 05 (2020) 074 o | H1 2006 Fit A |
- - ZEUS 2009 Fit S) (x 1.23)
50} _
=)
] ] & 40_ ]
very sensitive to the 4,
9 .
=
DPDFs set used Rl |
g .
20 .
10F .
0
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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rIdyyovu ot dijgyuidiiuaoeo il T v

) [72] [72]
© . . © ©
o 50, o S e, S10f°,
> 6L A By = 10k O %, a=1 > F
A =0.5 10
= 107 & Ap a = N , =S| D-I:I- a=-2
© Ay © 9 T10°F
04 A A o L (o) o 3 fm)
10° 4 Light jet A%AAAAAAAAAA 10°F o <4Light jet | ”ﬂuﬂﬂﬂ
" ] -
+4-Charm jet M, [ ©  #Charm jet 10 E" ﬂuunnﬂﬂﬂmﬂ
1 04 .0“'“. 1 04 EO -A- T
. "o _ __-" e, 10 . & Light jet
0%k ° ., 10°8 -~ o e +Chamjet
° g . 10°F A
Ee: 10.0 GeV %o 0 . L -.-‘ : -A-, .
E,:100.0GeV  **j00 A : S
10° Int. Lumi: 10 b M) 0% * I|m""""'l"" 1o 4.4.4_+__4_
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© 2.5F | © 2.5F 1 @ 25F
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@ b | |I ! w o | 1] I | |
e + ++l+ T L ¢ T. & E 4 +|. TT| l. iy E .+.| L l‘ -A-A- |
2 15F +,*+ '+l | | 2, 1.5F T | l 2, 1.5 ot Tt 1] ||_|_ ||I |
i ot |t B | 2 F Ll T
g £ ..000' ¢ | | g 1= .-".. | ‘ g 1'__A_-A-A f | T
€ 05k £ 0.50" € 0.5F |
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© T FEERE FEETE PR T FRETE FEETE FENTE FREN | © RN FEETI PEET ENREY FUTR FUET AUUNY AU T] FUTT | © | | | | |
0
0.1 0.2 0.3 0.4 05 06 0.7 0.8 %0102 0304 05 06 0.7 0.8 0.9 % 01 02 03 04 05
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. All sort of studies of jet substructure
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Global event shapes

1-jettiness Tf (77)

very sensitive to a;

00 005 010 015 020 025 030 035
T1
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Global event shapes

1-jettiness Tf (77)

very sensitive to a;

00 005 010 015 020 025 030 035
T1

Target fragmentation and fracture functions

* Very limited experimental data
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wWlUalnuilid ProuaucGuurnt riiculidinolini

p/A

direct lepto/photon resolved exclusive/diffractive

* Three models for the actual production mechanism. Data are inconclusive.

* EIC can measure all three processes by exploring different kinematic regimes.



Observables we
know nothing
about
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N\
)<< rFarity=vioialiiyg vio

Unpolarised electrons and polarised hadrons, contribute to AX and AG
Phys.Rev.D 104 (2021) 3, 034028
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>< rarity-vioialirigy vio

Unpolarised electrons and polarised hadrons, contribute to A2 and AG
Phys.Rev.D 104 (2021) 3, 034028

><< naon rorm r1actors anda structure runctions

Testing the feasibility at JLAB (proposed)
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><< r—arilty=vioiatdiily vio

Unpolarised electrons and polarised hadrons, contribute to A2 and AG
Phys.Rev.D 104 (2021) 3, 034028

><< Nnaorl 10rir 1aCtors arid strucuure ruricuoris

Testing the feasibility at JLAB (proposed)

)\<< imicirusive ridciedr dirracuor) arnd rioururs

e-Au Eay/A =100 GeV, E¢=21GeV, L=2fb" <.
o
;'Eésm o Eowm ';”F'c';'sm'.L BT 'E i
0.06 [ 00w T oo Q\
i £€=01— :: ] ‘_: B ]
E 004 [ Q2 =56 Ge2 1 Q2 = 10 Gev? ] = ~
o [ i : [
oo = = < -l _
[ T e ] A%
0 P i : . ]
| FGS18-L g:ggég — | FGs1sL EEZ%% O M o0 V' pr” . . .
0.06 | g=01— | ' e Ca, thick: ipsat thin: bCGC -
: I : f - —+ Sn, thick: ipsat, thin: bCGC
& 0.04 Q2 = 56 GeV2 T Q2 = 180 GeV?2 ] O ) — Au, thick: ipsat, thin: bCGC
L 1 - A ! | ! I | I L I L
0.02 | . i ol 0.2 0.4 0.6 0.8 1
[ RN ] [3
0.01 0.1 0.01 0.1 1 expected: ‘gint ~ 1 fb
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¥ Parity-violating DIS

Unpolarised electrons and polarised hadrons, contribute to A2 and AG
Phys.Rev.D 104 (2021) 3, 034028

X Kaon form factors and structure functions

Testing the feasibility at JLAB (proposed)

X Inclusive nuclear diffraction and nDPDFs

X Jets (from any type of process) in e+A

DIS, diffractive, photo-production, etc. Energy loss, medium properties,

saturation. Substructure and flavour tagging.
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¥ Parity-violating DIS

Unpolarised electrons and polarised hadrons, contribute to A2 and AG
Phys.Rev.D 104 (2021) 3, 034028

X Kaon form factors and structure functions

Testing the feasibility at JLAB (proposed)

X Inclusive nuclear diffraction and nDPDFs

X Jets (from any type of process) in e+A

DIS, diffractive, photo-production, etc. Energy loss, medium properties,

saturation. Substructure and flavour tagging.

X Large [t| diffractive production of vector mesons
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><< alturatuori DIS is not the most adequate observable (scaling?)

in e+A: coherent, incoherent and dissociative incoherent




>< alturdiuoiri DIS is not the most adequate observable

dO_(e+Au—>e’+Au’+¢)/dt (nb/GeVz)
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in e+A: coherent, incoherent and dissociative incoherent

exclusive production

g fLdt =10 fb"1/A o coherent - no saturation

== 1<Q2<10 GeV2 o incoherent - no saturation

=0 x <0.01 m coherent - saturation (bSat)
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dO_(e+Au—>e’+Au’+¢)/dt (nb/GeVz)
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104

10°

102

10

—
<

102
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DIS is not the most adequate observable

in e+A: coherent, incoherent and dissociative incoherent

exclusive production

g JLdt =10 fb"1/A o coherent - no saturation
== 1<Q2<10 GeV2 o incoherent - no saturation
=0 x <0.01 m coherent - saturation (bSat)
= O IN(Kgecay)! < 4 e incoherent - saturation (bSat)
S P(Kdecay) > 1 GeV/c
= ott = 5%
"o
§_o
o]
= Heeac® O
_‘.00:@”'.0|“oﬂ--A
3 L L
E = 'ﬁel:m:tt\:\:\j o0e
:_ n D.';D .'-. o
§ .J:ID .I .
= " - I:||:| n
L
__ l. E;;;djﬁe:::?f::t\jq:\ju
= L n
= ke ",
N L E‘$
- T"++|
E ™
_III|III|III|III|III|III|III|III|III
0O 0.02 0.04 006 008 01 012 0.14 0.16 0.18

It (GeV?)

di-something azimuthal
angle correlations

p[t’;‘ig > 2 GeV mEp
p;fig > pf;ssoc > 1 GeV oep smeared
_ ecAu
0.2 < erlg, zp°¢ < 0.4 oeAu smeared

Vs =90 GeV

2 2.9 3 3.9 4 4.5
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* Despite not having the fully polarised collider nor the integrated luminosity

envisioned in the YR, the first years of the EIC are very promising.

* It will be possible to use early first data to improve on observables that we

are familiar with (plus contributions from other experiments before EIC starts).

*  Even without all nuclear species and “low” luminosity, many observables

are absolutely new and exciting.

. Careful and realistic studies are the next step.

* | would not rule out anything that is not 100% impossible for now.

» Ruvs. Cu? Choose Ru!
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We have come a long way from the YR, but we have a lot more to do.

We just need to keep studying QCD. After all, curiosity didn’t kill the cat...

... It just landed him at the vet a couple of times.
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