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Outline

e Small x
* EIC kinematics. Evolution equations DGLAP vs BFKL
* Resummation at small x

* Nonlinear evolution: parton saturation. Opportunities at EIC

* Inclusive diffraction at EIC
* Longitudinal diffractive structure function

* Extraction of Pomeron and Reggeon, estimate of uncertainties
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What s EIC ?

EIC: Electron-Ion Collider facility that will be built
at Brookhaven National Laboratory using and
upgrading existing RHIC complex. Partnership
between BNL and Jefferson Lab.

Capabilities of EIC

High luminosity 10°} — 103*cm =25~
(100-1000 times more than HERA)

Variable center of mass energies 20 -140 GeV

Beams with different A: from light nuclei
(proton) to the heaviest nuclei (uranium)

Polarized electron and proton beams.
Possibility of polarized light ions.

Dedicated forward instrumentation: proton
tagging (essential for diffraction)

Up to two interaction regions

Injector
Linac

Polarized
Electron

Electron Source

Injection
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Electron Electron
Storage Cooler 4
Ring N
S— \\
[0 |
Electron

Possible Gun
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Location

Hadron Electrons
Storage Possible

Ring Detector
Location
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Kinematic range at EIC

proton nucleus: Pb
Q? (GeV?) Q? (GeV?)
105%— UL R RRLL R T T T TTT T T T TTT T T 11T TR 1063_%_— LR L R L R R T TTTTT T ""H'jE_L
- HERA ] = EIC eAu 18X110 GeV -
oL EIC ep 18X275 GeV ] 10°; E:g e:” ;?()ﬂ 13 ‘\3',9" -
2 ceee o o T = eAu e
 EIC ep 10X275 GeV == N
L s e e e e oo Je[H 1 04 - ppb@ LHC A
oo o o o INOCOS E 3
1o’k EIC ep 10X100 GeV i g : %
- cosemes o eCleCleCT -
F EICep5X100 GeV  .amii iz oo sl oog]
B A L O N f = {a akal 107 ¢ DO0OCE
ol —SZiioamtaobono) = 0000
10°¢ eSS SR o f O O O O - pey 2R
= _::ﬁz'ﬁummmggggggg 102 oo/ooooo
| Entitii g
comesamens a0 omoooooooQ -
10 mmwmtt Gt S m oo 0000000 - pPb@LHC d@%é?mﬂ%é‘gg
- o—r 1 . OopOO0DOoooOoOOcCcy _ : )
- SETlpuishopropoonoooon 3 10¢ RHIC seeih o
- oo'e o o] o] o] [0 [J 1 0 [ fe [ 0100 01 0100 - - ooooo Dﬂiﬂgﬁﬁé—v -
c s OILDWON MO O OO OO - oooooopooooon -
1E e OOOMOOMOOOOOOO E 1L ooooogdpoooog |
- sOfoppbeooaooooon 3 = 3
10_1-!— | IITIIIIl | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| 1 IIIIH+I- 10_1-1_— | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | ||||H+_|-
10° 10° 10* 10° 102 10" 1 10° 10° 10* 10°® 102 10" 1
X X

plots from :Armesto, Cridge, Giuli, Harland-Lang,
Newman, Schmookler, Thorne, Wichmann

Proton: EIC kinematic range overlaps with HERA, extends to larger x
Nucleus: EIC the only DIS machine to extend down to small x
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Gluon density in proton and nuclel

proton nucleus: Pb
QE 1 - o 10 GeV? — —-06 T T T T T T |||||
uz = e ]
1.4 }
08 = HERAPDF2.0 NLO 7 ) |
7 — HERAPDF2.0 NNLO 1. 2
__,O

0.6

T,

04+ xg (x 0.

: =502 1 EPPS21
I ~— | OO ol ol il ||||J|
e R R = . -4 - -2 -1
! 107" 107 107 10
X
Gluon density dominates at small x v Q’
What happens at small x (high energy) ? Q? + W?

How nuclear environment modifies PDFs ? W2 —
— °Y*p

Anna Stasto, Small x and diffraction at the EIC, INT Program on Heavy lon Physics in the EIC era, Seattle, August 19, 2024



Collinear limit and DGLAP evolution

v*N  as atemplate
Large parameter

E (ﬂ/: Q2 — 0O Probing small distances
N knJ_ 3
E 0000000000
kn—lJ_
= Strong ordering in transverse momenta
Shesssees 2 2 2 2 2
(00
k3¢ “Cooxy,
S Collinear dynamics
ka1 &8 '55;;
oz ¢
S\ Resummation of large logarithms

Q’ .
"A
. C Q% 1.2 k3 2 k3 2 k2 2
/ dki | 2/ dky 2/ >+ dksy 2/ norhdky 2N(
p I % 0

9
2 k%J_

Focusing on gluon
emissions Qs
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DGLAP evolution

Dokshitzer-Gribov-Lipatov-Altarelli-Parisi
DGLAP evolution equations for parton densities

(N

; \ : 12 Y qu:u Z dz qquO‘S) Py.g(2, ) QJ(ZaN)
Kn ? 8,u Oés) Pg ( s) g(%a:uz)
: 000000000
Ve g g; : quark den51ty, g : gluon density
S S @ Splitting functions calculated perturbatively
— g _ (0) (1 U513 5(2)
E.'."'O"v‘,.'. Pab(Z, 043) - Pb_>a(270é5) _ 27_‘_Pab ( ) _|_ (27_‘_) Pab ( ) _|_ (27.‘_) Pab (Z) + ce
- LO NLO NNLO
7P
ky | S ‘5:;% Leading order splitting functions
S ’ 1422 3
:5. (O) o — —
Q* LR Far' (2 CF[(l —r (! ?)
0 ) (o _ o [2 2]
. Pog'(2) = Tr|2" + (1 - 2)7) dominant at small z(x)
2 2
PO () = Cp [ (i 2) _
POy =204~ L2 ) s oA _64”fTR}

1-2)+ (=)
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Impact of EIC on collinear PDFs

proton nucleus: Au

1'2_ Q?=m2 L Q?=m2

i Au

z z > 0.8
4« HERAPDF2.0 NNLO 44 HERAPDF2.0 NNLO 4 C
S HERA + EIC 3> HERA + EIC o3 0.6F— p
1.2 :; o C EIC simulation
R X o 04f
=> 1.1 XXX o 3 3 =
X [ 3RRANRNRS E 1RRRXRREL 4 pt o
— ﬂllllnlll a : I~N~I Ill li) - 0.2 —
-~ |RXRNRN -~ R L0 X C
SOOOK R YOO MYOCOK ° -
=) 1 R R RRRRIKKS 0 18R o < -
+> Q2 R :_: %2 S0 + x::"' X X —0-2;
=} 2258 "& Q 'c> X ": 0.40
X -0.4
R a3 > S 10
0.9 E: Y, ‘/ E:
E 0.8 :; 0.8
| E{
11 4

| R T TTT] S S W R TIT] B S SR T

EIC simulation

-
o F
[N
[y

10 103 102 10! 1 10 1073

< -
41—
X N & ° o
__ ___ e o2
Q*=m2 R 12 @?=m? X %
4<HERAPDF2.0 NNLO /4% [ 44 HERAPDF2.0 NNLO R a o0
& HERA + EIC S | NNHERA +EIC < F
i 3 -0.2—
1.05 oS r : -
o 05_ /} R 11+ /e > -0.4 Ll
X R @t SRR 10 10 10 10 1
— A < CRRRRX
—_ Q —_— QRRRAXR X
< AR 0 LRRRXRXL
S | Rt L LESEIERR | & R -
+ 3 S % XXX+ X ~ 98 | EIC simulation
2 ] RS ] 0% < o6 :
X L X 3 S [ XX l":"E 8 0.4 ?
- R 09 XXX . e 02
- Ratio ¢ .
RRXXX & 02
- ASES - 3 -0.
<o -
- - [+ -0.4 =
d 1 1 1 u I il 1 X0 & -08E
10 10° 10 107 1 10 10° 107 107" 1 0.8~
X X -1 —4 ““1—3‘ — “““172 — “““171 e
10 10 10 10 1

Armesto, Cridge, Giuli, Harland-Lang, Newman,
Schmookler, Thorne, Wichmann
Proton : Combining HERA and EIC. EIC impact mostly large but also moderate and small
X. Biggest changes in valence distribution (smaller impact on global analyses like MSHT20)
Nucleus: EIC has large impact at small x for all parton species
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High energy / Regge / small Bjorken x limit

Large parameter High energy or Regge limit
S — 00 s> Q% > A?
Q* fixed, perturbative

Light cone proton momentum

pt=p’+p’ ki =xp"

Strong ordering in longitudinal momenta

.CZZ‘<<.CE1 <<£U2<<°'°<<33n

Perturbative coupling but large logarithm

s < 1 s =1 > 1
n—~In—
S T Q2
Large logarithms Leading logarithmic LL resummation
1\" "
.. asNey 11 (as In _) (a0 2)
X X X S0
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High energy / Regge / small Bjorken x limit

Resummation performed by BFKL evolution equation

Balitskii, Fadin, Kuraey, Lipatov

0
Olnl/x

folx, k) = /d2k’K(aS,k,k’) fo(z, k)

Branching kernel (perturbative expansion)

/ / 2 / 3
K(as, k, k') =asKo(k, k') + as K (k, k') + O(a?)
QCD: LL, NLL sYM: LL, NLL, NNLL

unintegrated (transverse momentum f ( X, k)
dependent) gluon density

compare with DGLAP- af@ 4 Q2 Z / dz J_m fg( Q2)

collinear approach 0 log Q 2

fj (a:, QQ) integrated (collinear) parton distribution function (PDF)
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BFKL at NLL

0
81n1/xfg

(z,k) = /d2k’K(as,k,k’) folz, k)

NLL corrections to BFKL K = a Ky + Oz?Kl + ...

N,
Fadin, Lipatov o o Qs = FsiVe
Camici, Ciafaloni Wwp = a84 In 2(1 T 6°5048) d
NLL corrections to BFKL equation are large and negative
Main sources: 1o
- wWp
* running coupling °8f L

e kinematical effects L
04l
* DGLAP anomalous dimension '

0.2

Need resummation at small x ! P

Ciafaloni, Colferai, Salam, AS | | | | Qs
Altarelli, Ball, Forte; Thorne, White; Sabio Vera
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Resummation at small x

Ciafaloni, Colferai, Salam, AS

Include kinematical constraint: limits
on transverse momenta, resum
double transverse logarithms

Include DGLAP splitting function and
running coupling in the leading part

Subtractions to avoid double counting,
guarantee momentum sum rule

The integro-differential equation
becomes double integral equation

Transverse and longitudinal momenta
no longer factorized

0.5

04

0.3

0.2

0.1

,,,,,,,,,, 42 LL BFKL
---- NLL BFKL
----  w-—expansion
v o | SLREL scheme A

\ —— scheme B

005 01 015 02 025 03 035

Resummation stabilizes the BFKL expansion

Intercept, and therefore the resulting growth with 1/x is slowed down

Strong preasymptotic effects. Need DGLAP terms with BFKL

More consistent with phenomenology

resummed
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Resummation at small x : phenomenology

Example : structure functions at HERA

| C 2
Fg(x, 2)2.0: F2 (CB,Q )

1.5}F

1.0F

Fo(x,Q%)

Li,AS

0.2} 1
H F2° HVQDIS
M\k

W F2° CASCADE |

0.0} - 0.0}
1.x107% 5 x10"4 0.001 0.005 0.010 1.x107* 5.x10~% 0.001 0.005 0.010
X X

» Application of the CCSS resummation to phenomenology of deep inelastic scattering

* Very good simultaneous description of F5, F5 at small x
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Evidence for BFKL at HERA ?

Ba”, Bertoni,BOnVini,Marzani,ROjO,ROttO” 165 Kinematic coverage move the cutoff to
. | include more data
e Used small x resummation method of o,
Altarelli, Ball, Forte 10t
e Perform fits to data with the cut on .
small x/small Q region 3
° 1023
e Observe the variation or lack of :
. . . 2 Dcut=2..5 . : \
variation in ){ 101;\,\ v \“\ Fixed-order theory
Small-x resummation eﬂectsA 3 \\ should work fine here
NNPDF3.1sx, HERA NC inclusive data could be importanthere ____——> "]
o] N S
1_16_ e e e B s e e B e s e I L B e ] 1010'—5 10—% 103 10-2 10-1 10°
1 --%-- NNLO 1 )
1_14: "?" NNLO-+NLLXx NNLO worsens as we include :
M eerafanyenn more small-x data —
[ &~ NLO \t NE « y’changes for DGLAP at NNLO at low x
Cpll B NLO#NLLX | T e E
g [ L . * NNLO+NNLLx gives best description
Z 11 A -
= [ G - i : :
- m;'@'::,,@ N 1 ¢ Interestingly NLO and NLO+NLLx do not differ by
1.08— .'~" i, " &, S WV """'-. - u-m-au'm':@ — . . .
Y ;? Sl . a lot (flat splitting function at NLO?)
106— .7."7----V"'-v."‘v---v"',."‘ ................. \ . . .
N NNLO+NLLx best description everywhere * Resummation important for consistent
1.04 I1_|6I | I1{8I - 2| — I2!2I | l2_|4l | l2_|6l | l2_|8l - :; | description from large to smallx
D

cut
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Another small x problem: saturation

y
~
=

- CTEQ é.Sparton '

3.5 ~ distribution functions * . 2
sof O =10GeV s Does the rise of gluon xg(x, Q) get tamed?
2.5 Important to understand for initial conditions in heavy ion collisions

2.0F

Probe interacts coherently with nucleons

Momentum Fraction Times Parton Densit

0 e e i .
0.0001 0.001 0.01 0.1 1.0
Fraction of Overall Proton Momentum Carried by Parton

QCD at high energy (low x) and/or high density (large A) Q2
predicts saturation of gluons

X DENSE @ X [fixed Q]
Tls REGION % e
> &8 DENSE
o 2 REGION
()
>
g BK/JIMWLK
2 o
= DILUTE
~ Q REGION
|
5 b DILUTE
c REGION
‘ DGLAP
In Aqco In Q In A

Nuclei provide enhancement of the density : opportunities to test saturation at EIC
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Testing saturation through inclusive structure functions at EIC

Study differences in evolution between linear DGLAP evolution and nonlinear evolution with saturation
Matching of both approaches in the region where saturation effects expected to be small
Quantify differences away from the matching region: differences in evolution dynamics

FBK __ 17Rew
Armesto, Lappi,Mant ] 2,L 2,L
rmesto, Lappi,Mantysaari,
PP. Yy FBK
Paukkunen,Tevio 197, 2. L 197,
F, difference (%) F, difference (%)
60 60
10 10
0 0
-10 -10
-60 : -60
104 103 1072
X

Heavy nucleus: difference between DGLAP and nonlinear are few % for Ff and up to 20% for F3.

Longitudinal structure function can provide good sensitivity at EIC
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Diffraction at EIC

e Simulations of F 5(3) for EIC

* Motivation: why is F I? ) interesting ? H1 measurement
e Pseudodata simulation, energy beam scenarios. Extraction of F f )
* 4D diffractive cross section and Reggeon extraction at EIC

* EIC pseudodata for 4D diftractive cross section with t dependence

e Extraction of Pomeron and Reggeon partonic structure, estimate of uncertainties

Series of works on diffraction at ep/eA machines:

Inclusive diffraction in future electron-proton and electron-ion colliders e-Print: 1901.09076
Diffractive longitudinal structure function at Electron Ion Collider e-Print: 2112.06839
Extracting the partonic structure of colorless exchanges at Electron Ion Collider e-Print: 2406.02237

also EIC Yellow Report, Sec. 7.1.6, 8.5.7

Armesto, Newman, Stominski, Stasto

Anna Stasto, Small x and diffraction at the EIC, INT Program on Heavy lon Physics in the EIC era, Seattle, August 19, 2024
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https://arxiv.org/abs/1901.09076
https://arxiv.org/abs/2112.06839
https://arxiv.org/abs/2406.02227

Diffraction in DIS

e Diffractive characterized by the rapidity gap: no activity in part of the detector
e At HERA in electron-proton collisions: about 10% events diffractive

® Interpretation of diffraction : need colorless exchange

H1 ep— Xy e

I rapidity gap

Questions:

® What is the nature of this exchange ? Partonic composition ?
® One, two, or more exchanges ? Pomeron IP, Reggeon IR ?

e Evolution ? Relation to saturation, higher twists ?

® Energy, momentum transfer dependence ?

Anna Stasto, Small x and diffraction at the EIC, INT Program on Heavy lon Physics in the EIC era, Seattle, August 19, 2024 18



Diffractive kinematics in DIS

Standard DIS variables:

[’ e’ electron-proton inelasticity

o [ S S cms energy squared: Y — P . q
2 P

g — ( [ - P) Pl
Bjorken x

photon-proton
cms energy squared: Q2 Q2 Q2

€T = p— —
5 5 2P -q ys Q2%+ W2
p > W = (q + P ) (minus) photon virtuality
P 2 __ 2
Q”=—q
Diffractive DIS variables:
[ZC — €5] 5 — L z L Q2 + M?{ —1 momentum fraction of the
— P = 5 o QQ + W2 Pomeron w.r.t hadron

2 2 .

B = Q Q momentum fraction of parton

2(0P—P')-q B Q)% + M% — ¢t w.r.t Pomeron

t = (P '— P )2 4-momentum transfer squared
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Diffractive cross section, structure functions

Diffractive cross section depends on 4 variables (¢, /3, Qz, 1):

d*oP 2T 2

Edpagrd ~ pgi 7 G AOD

where Vi =1+ (1-y)*

Reduced cross section depends on two structure functlons

PO(E,8,Q% 1) = FPV(E5,Q2 1) — PO (¢, .G 1)
_|_

Upon integration over t:

0
FPO) (¢, 8,07) /_ dt Fy 10 (6.8, Q2 1)

oL (e, 8,Q%) = FPP (¢, 8,Q%) — L FPP¥ (¢, 8,Q?)

Y
Dimensions:
Wheny <1 D(43)  pD(43) oPW] = Gev 2
O-I" T 2 O'P(g) Dimensionless
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Phase space (x,02) EIC-HERA

EIC can operate at various energy
combinations

Can cover wide range of x
Large instantaneous luminosity

Statistics should not be a
limiting factor

Q2 [GeV?]

EIC 3 scenarios - HERA

— — — — —
104 | ZEUS-LRG ~« ' |
| H1-LRG o
HERA-FLPS
103 B Ne > -3.5
- 0.005<y<0.96
B<1
¢<0.5
102 |
[ 3 GeV? oxyﬁfﬁng‘f xx
xx/:: K} x»/
100 L hera o~ |
| 920 GeV ' ]
27.5 GeV )
N
101 ot it i
106 10- 10-4 10-3 10-2 10-1
X = B§

Only selected energy scenarios at EIC shown
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Why F.09 s interesting? F.0 at HERA

Why FP is interesting?

FP vanishes in the parton model, similarly to inclusive case
Gets non-vanishing contributions in QCD
As in inclusive case, particularly sensitive to the diffractive gluon density

Expected large higher twists, provides test of the non-linear, saturation phenomena

Experimentally challenging...

Measurement requires several beam energies
FP strongest when y — 1. Low electron energies

H1 measurement: 4 energies, E;=920, 820, 575, 460 GeV, electron beam E.=27.6 GeV

Large errors, limited by statistics at HERA

Careful evaluation of systematics. Best precision 4%, with uncorrelated sources as low as 2%
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F.P® at HERA

~ 0.05 —~ 0.05
Xip FE NO L H1 extrapolated Fit B / NQ extrapolated Fit B /'
e Hidata < 004 - X;p = 0.0005 < 0.0k X;p = 0.003
H1 2006 DPDF Fit B o 2o 2 T 22 2
------ H1 2006 DPDF Fit A % 0.03- @ =agey / 5& - @ =aGey
- Golec-Biernat & Luszczak o X.o = 0.003 N | ®
ol P I il 094003
L 0.02 Q% =44 GeV? / 1 Thy /
xp F5 S N |
o  H1data 0.01F ™ ~izo-- '
—— — H1 2006 DPDF Fit B i
0
-0.01 S |
10" 2x10" 1
5 1
B
H1 conclusions: < ¥ 0.04
D < 0-05:~——/¢/ o <
. . o o
Measurements of ¢,” consistent with < + e
. . N | - N 0.02- = 0.003
predictions from the models o e P e } G rsaer |
o o /
- * X" 0.01 e /
Extracted F 5 has a tendency to be higher Xpp =0.0005 '
) . . -0.05 Q" =11.5GeV 0 |
than the predictions, though compatible :
. . . . . L L L L L - L L L I L L L L L L1
with model predictions within errors 4x10"  5x10" g 10" 1
B B

Overall: 0 < FP < Fy
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Pseudodata generation: collinear factorization for diffraction

Use the collinear factorization for the description of HERA and pseudodata simulation

k K
e >
@Y Colln
B/ X
g =
©)
P > —— o
P A ! Collinear factorization in diffractive DIS
(" 6 ™\
D@
B (1.6:@%51) = 3 /5 — Cojr; (Z,cf) FP(2, 6, Q%)
\ y

* Diffractive cross section can be factorized into the convolution of the perturbatively calculable
partonic cross sections and diffractive parton distributions (DPDFs)

® Partonic cross sections are the same as in the inclusive DIS

® The DPDFs are non-perturbative objects, but evolved perturbatively with DGLAP

Anna Stasto, Small x and diffraction at the EIC, INT Program on Heavy lon Physics in the EIC era, Seattle, August 19, 2024
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Pseudodata generation: model for diffractive structure functions

* Parametrization of the DPDFs as in H1 and ZEUS analysis ok /k>/

e Regge factorization assumed (0

e (B(orz), 0?%) dependence in parton distribution of diffractive exchange B) }X
factorized from flux factors with (7, &) dependence

e Dominant term ‘Pomeron’, at low & p X ®

e At higher & additional exchanges ‘Reggeons’ need to be included p ?J p’ Y

D (26,02 1) = A, ) (2, Q%) + (D FE(z, Q%)

Pomeron Reggeon

Regge type flux: Trajectory:

. eBP,Rt
f]p,]R(fat) — AIP,R

_ /
gQOZJP,IR(t)_l Ck]p,]R(t) o CV]P,]R(O) TP R t

177(2.6.Q%) = 0p(€) f(2. Q%) + 0 (6) f(=. Q) ob (&) = [t Fh mlét)

Pomeron PDFs obtained via NLO DGLAP evolution starting at initial scale pp2=1.8 GeV?2

2fi(zd) = AP (1= )% =g

Reggeon PDFs taken from the GRYV fits to the pion structure function (could also be determined at EIC!)
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Pseudodata generation: energy choice

01283) = FQD 3) (B,€,Q%) — Y, FE) 3) (8,€,Q%) Integrated over t-momentum transfer
2 2
Vi, = 2 J

Vi 1+ (1—y)

Can disentangle FzD ©) from F If) ©) by varying energy and performing the linear fit in Y.

2 2
Y = Q_ — Q_ Need to vary the energy \/E to change y for fixed (3,¢,Q2)
xs  PEs
E, [GeV]
41 100 120 165 180 275
5129 45 49 57 60 74

10| 40 63 69 81 &8 105

E :5 10 18 GeV 181 54 8 93 109 114 141

S-17 all 17 combinations

EIC energies for electron and proton:

E. [GeV]

E, = 41,100,120,165,180,275 GeV o o bl ed

S-5 5 - green (EIC preferred)
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Simulated measurement of F 2@ vs f§ in bins of (€,02)

Uncorr. systematic error 1%, 5 MC samples to illustrate fluctuations

£ =0.01 £=0.1 £ =0.01 £E=0.1 € =0.01 £€=0.1

b | L | A | L | e R TR ’ '+"""" R TR ’ ""'- I R | L | ' """'" LR | L | o """.
L 4 N + 4 N L + 4 N
. 13 1 13 . 1 13
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Small differences between S-17 and S-9, small reduction to range and increase in uncertainties.

More pronounced reduction in range and higher uncertainties in S-5.

An extraction of F 5 possible with EIC-favored set of energy combinations

Anna Stasto, Small x and diffraction at the EIC, INT Program on Heavy lon Physics in the EIC era, Seattle, August 19, 2024 27



Diffraction at HERA: importance of ‘Reggeon

— 2 —— T IDUIRD ...
50’{)(4) ~ §F5(4) vs & for fixed o H1 FPS (|t|=0.25 GeV") Regge fit IP+IR IP only
N B 2 _ 2 |_ 2 _ B 2 _ 2 |_ 2 _ 2
_ 7. . ) S 0.08:—Q —_2,7GeV -« —_2A7oe\/2 e —_2.7GeV -« —_2.7GeV =
|| = 0.25GeV~ in bins of 5, O O -~ g=002 | p=o00s | g=015 | =03 |
O o0sf- - = = =
T 0.04f- — — — —
D | | | | |
b 0.02| - u.,«(‘ k‘T‘ \T - < -
. . . o 0:“ N S B N =H N N S
DGSCI’lbed bY two COl’ltI’lbUthDS: x - Q*=53GeV* |- Q*=5.3GeV* | Q®=5.3CeV? | Q*=5.3GeV2 | Q*=5.3GeV?
0.08 - =002 - p=0.06 - B8=0.15 - 8 =0.35 - =07
N 0.06 [ . [ . .
Leading ‘Pomeron’ at low & cal 3 3 F g
_0.22 oo2| WL N—“i} | B~ad [ TEe |
Efp~ & N R SRR R SR SR SR
- Q°=107GeV* |F @®=10.76GeV* |F @®=10.7GeV* | @*=10.7GeV* |- @® = 10.7 GeV?
008~ g-002 | p=006 | p=015 | p=035 [ g=07
0.06 | - - - -
- i | MY
Subleading ‘Reggeon’ at high ¢ 0.02| R ;é‘j’} L S S
obbonn B B BB

1.0 - Q°=24GeV || @®=24GeVf | @*=24GeV | Q*=24GeV | Q' =24CeV

éfm ~ 5 ' 0081 g-002, | ﬁ=o.osv}  g=015 | g=035 [ g=07
0.06 | - - - -
o ol I\Iﬂ
0.02| — - o Julll = -

. ol b b B B ]
Subleadmg terms pOOI'ly 107 107107 107107 10 107 10103 0
constrained Xp= &
Anna Stasto, Small x and diffraction at the EIC, INT Program on Heavy lon Physics in the EIC era, Seattle, August 19, 2024 28



EIC pseudodata generation with t dependence

Use ZEUS P + IR fit with the GRV pion structure function for the IR
Pseudodata generated in all 4-variables : (f = z, &, Q2, t)

Diffractive PDF:

P (2Q% 6 = op(6.) FE(2,.Q%) + om(&.t) fF(2,Q%)

Fluxes:

Buit Trajectories:

¢M(€7t) — §2§M(t)1 OéM(t) — OKM(O) -+ Oéllwt M= IP, IR

Reduced cross section:

oW = op(€,t) ff’ (B, Q2) + om(&,t) FE(B,Q%)

2

Flux parameters: cop(E1) 5_0,22 oIt
ZEUS fit EoR(Et) ¢06+181t] (=2[t] _ ¢0.6 [(=2+1.81n¢) |1
parameters
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Reggeon and Pomeron component in cross section at EIC

0.1 L

§Ored [GeV2

0.01 —
0.001 —
0.0001 —
1e-05 —
1e-06

16-07 [

1e-08 L 1

Q2 = 20 GeV2
B=0.133

0.25

Reg/Pom

-t [GeV?]

1.5

4D cross section pseudodata

e Changing ¢ slope as transitioning from
Pomeron to Reggeon dominated region

e o slowly varying with O

O R, N WA UILO N OOV O

/] IR/IP ratio vs —t for £ = 0.01, 0.1

4+ * Change of ratio for small vs large £ as
. a function of —t: different slope

1 ¢ IR/IP <1 for small £ ~ 0.02
1 e IR/IP > 1 for larger £ > 0.1 : not

-t [GeV?]

accessible at HERA
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Parametrisation for fitting the pseudodata: full 4D fit IP+IR

* Treat the Pomeron and Reggeon contributions as symmetrically as possible
* Light quark separation not possible with only inclusive NC fits

e For both /P and IR fit the gluon and the sum of quarks
e Generic parametrization at Qg = 1.8 GeV?:

T (,QF) = AL &P (1 - 0)A (14 DI BT

where k = g,gand m = IP, IR
* Following sensitivity studies a suitable choice is:
. fqﬂD has A,B,C parameters
. fg) has A,B,C parameters
. féR has A,B,C,D parameters
. ng has A,B,C parameters
e In addition fit for the parameters of the fluxes for IP and R: a(0), o', B

(m)
€B t

£2oz(m>(t)—1

a™ (1) = o™ (0) 4+ o (™t
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Recovering the Pomeron and Reggeon inputs
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Fit results with free Reggeon parametrization (solid) made to the pseudodata based on
the GRV pion structure function (dashed)

Reggeon reproduced reasonably well

Pomeron reproduced almost perfectly
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Uncertainties of diffractive PDFs: Pomeron

Pomeron gluon Pomeron quark

Pomeron gluon data cut: t = -1.5 GeV?2 Pomeron quark data cut: t = -1.5 GeV?2

02} &£=o0.01 £=0.1 £=0.1
Q2 = 6 GeV?2 Q2 = 6 GeV2 0.04 - Q2 = 6 GeV2

0.02

-0.02 |

0.2 4 _ -0.04 |-

£=0.01

Q2 = 60 GeV2 0.04

0.02

0.1} -

7] -0.02

a
5 s
2 -0.04 L
OF

§
-0.2 + 4 L £
3

* relative uncer tainty linear horizontal scale

e <few % or better in most regions note different vertical scale for
. gluons and quarks

e larger uncertainty for gluon at large z (and also small z)

e normalization error at 2% is dominant at most regions (dashed red)
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Uncertainties of diffractive PDFs: Reggeon

Reggeon gluon Reggeon quark
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e <2 % or better in most regions for quark except at large z
* Larger uncertainty for Reggeon gluon which is much smaller than Pomeron gluon

e Mild sensitivity to the cut on & for gluon, quark less sensitive
e Minimal sensitivity to the cut on ¢, dense vs sparse binning, lower luminosity & = 10 fb™!

EIC can constrain Reggeon at similar level of precision as the Pomeron

even when restricting data to |#| < 0.5 GeV?and &, ~ 0.15+0.2
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Low energy scenario: 3 GeV x 41 GeV
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* Low energy scenario:
E,=5GeV X E,=41GeV

e Kinematics restricted:

e« £>0.01, by cms energy

et > —0.6 GeV?, forward
detector acceptance

* Reggeon dominated

* Fix Pomeron from HERA and fit only
Reggeon

e Luminosity & = 10 fb™!
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Low energy: Reggeon DPDFs and uncertainties

relative
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Reggeon gluon data cut: £ < 0.22, t = -0.6 GeV?

£=0.01
Q2 = 6 GeV?2

0.2 0.4 0.6 0.8
z z

* Quark Reggeon constrained very well
e Larger uncertainty for Reggeon gluon which is much smaller than Pomeron gluon
e Two bands indicate sensitivity to two Monte Carlo samples: small variation

Reggeon quark

Reggeon quark data cut: £ <0.22,t = -0.6 GeV?2
e :
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Low energy data at EIC can already determine Reggeon
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Summary

e Resummation at small x essential for stable results. Kinematical
constraint. Combines DGLAP with BFKL.

* Strong preasymptotic effects: modifies moderate x and small x region

* EIC will allow precision tests for saturation with nuclei. Longitudinal
structure function more sensitive

* Opportunities for inclusive diffraction at EIC: tagged protons

* Good prospects for measurement the diffractive longitudinal structure
function

* 4-D fit with Pomeron and Reggeon to the diffractive pseudodata

* EIC can extract flux parameters and partonic structure of the
subleading ‘Reggeon’ exchange with similar precision to the leading
‘Pomeron’ exchange
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