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* How do the nucleonic properties such as mass and spin emerge from partons | &
and their underlying interactions? -
* How are partons inside the nucleon distributed in both momentum and po- %gr.——-"“ hy

zition S]:raEE?

* How do color-charged quarks and gluons, and jets, interact with a nuclear
medium? How do the confined hadronic states emerge from these quarks

and gluons? How do the quark-gluon interactions create nuclear binding?

* How does a dense nuclear environment affect the dynamics of quarks and
gluons, their correlations, and their interactions? What happens to the gluon ; }X
B S—

density in nuclei? Does it saturate at high energy, giving rise to gluonic matter

Or a glunnic phasr_- with universal properties in all nuclei and even in nucle-
ons?

Low-x measurements are crucialto
the EIC physics mission
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* Key question: Why put hadronic calorimetry in the electron going
direction (backward)?

* Answer: Low-x physics

* Backward region = high gluon densities

“the EIC will be the first experimental facility capable of exploring the
Internal 3-dimensional sea quark and gluon structure of a nucleus at
low x” — EIC White paper
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For leading order processes event kinematics determine the final state
nHCAL = low-x, low-Q?, ~mid to high-y

leptont k

EIC Phasespace

Bjorken scaling €Tr =

variable 2p - q
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For leading order processes event kinematics determine the final state
nHCAL = low-x, low-Q?, ~mid to high-y

lepton k& 2 2
P > W< = (q + P )
Table: Summary of EIC Scientific Goals Dependent on Low x Measurements y = q P
Goal Description Relevance at Low x k: - P
nucleon Wiy
Three- T . . P
Dimensional Map gluon and sea quark distribution in Gluons dominate, essential X Q2
Structure momentum and position space for low x PDFs Bjorken scaling T =
variable 2p q
Proton's Mass and Determine gluon contribution to mass and Polarized gluons at low x high Q2
Spin spin crucial for spin studies
W
Nuclear Structure Study nuclear modifications and gluon Low x probes shadowing, 6\0? A_A_Af-;;::.—ﬁ —
Functions saturation saturation effects \Q,& ‘ 0 = 9
X
>
QCD Non- . . ) . CY n=-0.88 n=0.88
) Study QCD at low Q2 often correlated with Insights into gluon dynamics 0 = 135° 0 = 45
Perturbative 4 Cerftral -
. low x at small scales

Regime B Detgctor

Look for high gluon density state, expected Exclusive to low x, potential L
Search for CGC eng y P . P Lepton . net Hadron

at very low x new physics = L

Endcap 6 Y Endcap
n=—4 N7 n=4
: ~ 2
I_*@ 178° = Ing ) 0 = 29
: — M ———— z
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* Key question: Why put hadronic calorimetry in the electron going direction
(backward)?

 Answer: Low-x physics

* Specifically, nHCAL improves/allows:
* Hermiticity + Electron tagging in low-x
* Diffractive Processes (Vector Mesons + Dijets)
* Neutron detection and neutral veto

* Backward region = high gluon densities

“the EIC will be the first experimental facility capable of exploring the
internal 3-dimensional sea quark and gluon structure of a nucleus at low x” —
EIC White paper
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Hadronic response and e/ separation with the Hl
* H1 upgrade to include SPACAL (1995) in the lead/fibre calorimeter
backward region H1 SPACAL group
« Purpose: Enhanced capability to study low Q?2

physics, improved trigger efficiency for low- % [ (o) Doto =
energy electrons, and better background N 3 ctons . ~‘j
rejection, enabling precise measurements of ok ~R
structure functions and diffractive processes at : .
low X. e
* Current understanding of low-x proton structure E %
functions are based on HERA measurements 25 |
« Hermiticity improved with nHCAL 2 -
Determination of event kinematics — especially for photoproduction 1.5 ‘ :
and CC where we rely on hadronic reconstruction 1 [
 e/pi separation and background rejection are os | U
key challenges at low-x. nHCAL allows hadronic B
o 025 08 0.75 1 1.25
veto Re = Epn/(Evm+Enas)
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At HERA, diffractive events made up a 0 TG00 C et sauraen B
large fraction of the total e+p cross-section o~ |4 fees 2 e s
(10315%). Saturatirc])n modelsfprﬁdict that § “p;
at the EIC, more than 20% of thecross £ . :
section will be diffractive £ f%wﬁm‘mmﬂﬁ
« Diffractive processes are directly 2 o &%
proportional to square of gluon distribution — = . .;5’"“‘“}.
“very sensitive to the onset of non-linear = ¢ # %
dynamics in QCD” | “ WHHHHW‘ Iil
 Exclusive production of the ¢ was one of the e o W [ﬁ‘ﬂ]
featured reactions in the EIC White Paper webovote il
« Consider as motivation only the impact of 0 00z Dot 008 l‘;f’fﬁe‘:‘;] 012 012 016 018

an NHCAL on j/psi->mumu and phi->KK

H.Mantysaari,B.Schenke PRC 101 (2020) 015203
https://arxiv.org/pdf/2103.05419
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* | am confused by this, lets discuss

K from ¢ decay

p_(GeV/c)
=

12

10
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Sartre: e + Au — ¢’ + o+ Au'
E, xE=110x18 (GeV?)
1.0<Q*/(GeV*/c%)<20.0
2.0<W/(GeV/c?)<89.0
-0.500<t/(GeV/c?)<-0.000
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* Example, assuming acceptance in
* NHCAL necessary for accessing low-x production

Satre evp — € WEKpg, HAIT5 8 (GeV)

Sate aep = #+ pop. EATETE GV)

o g SE ¢ OXmnMCAL
* R PR 80~ ‘6 120+ ¢ 1 mCAL
44 ! "
il 24.42% 2 80§ 8 ¢ 25 mnCA
R ey o
LIMCAL % 349% 307T% 326% Dk > g0 5 ¢ o ;
oof ., .° ;
Al % J088% 351% 3582% e - '0
. . .
40 . A
PICAL 20 ) ™ 0~‘ \
3 » . »
neeCAL Bamel  LFHCAL Any o}__L u“—-‘huad IPUPISRS SR
K, = 10 1070 107 10" 1
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* Majority fraction of low-x diffractive J/psi send one or both muons
into backward HCAL acceptance - 40% = nHCAL + any

St 8 s by W oDy o b, (030 IGeV) Gailre arks e dyipuiedy, el 100220 (G
2 ) ¢ O in nHCAL
o o 120 # 140 in nHCAL
e Y 2 : b 240 in nHCAL
= = 100
-
LFMCAL O ] a0
B0
B
=)
20
PCAL
D_s -4 -3 -2 -1
nHCAL Bamel  LPHCAL P id 10 10 10 10 1
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« “Studies of (dijet) diffraction in high-energy electron-proton scattering is one of the high-lights of
the HERA heritage” “The importance of jet probes was reflected in

 Low-x, high-y processes -> Jets in negative eta the EIC Yellow Report where they touched on
nearly every major physics topic (Nucl. Phys.
* Hiinelasticity events = activity BOTH forward & backward A, Vol 1026, 122447Y’
Charged Hadron E vs Eta 18x275: 0.9 < y < 0.85 Noutral Mackon £ ve Bl 10278 00« y <« 098
10’ 10’
§ 09<y<0.95 1 5 0.9<y<0.95
1w . Al W

N_eutral Hadrons

NHCAL - improve Jet Energy Resolution + Jet energy

https://arxiv.org/pdt/1911.00657 scale for large range of low-x measurements
3/21/2025 Daniel Brandenburg 13



We want to do this physics Detector Requirements

+ crucial to EIC Mission

NHCAL Needed for:
. —% o Good p/n separation of tracks with MIP
Low-x & Q”2, highy — aialals
Diffraction - * Good spatial resolution to distinguish
Vector Mesons neutral/charged hadrons
Dijets ul e High efficiency for low-energy neutron
Charged Jet Measurements detection (track-cluster matching)
Scattered Electron ID / * Good timing resolution

Hadron-beam background
mitigation
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* Low X physics:
 Proton structure
e Nuclear structure

3/21/2025

Table: Summary of EIC Scientific Goals Dependent on Low x Measurements

Goal

Three-
Dimensional
Structure

Proton's Mass and
Spin

Nuclear Structure
Functions

QCD Non-
Perturbative
Regime

Search for CGC

Description

Map gluon and sea quark distribution in
momentum and position space

Determine gluon contribution to mass and
spin

Study nuclear modifications and gluon
saturation

Study QCD at low Q2 often correlated with
low x

Look for high gluon density state, expected
at very low x

Daniel Brandenburg

Relevance at Low x

Gluons dominate, essential
for low x PDFs

Polarized gluons at low x
crucial for spin studies

Low x probes shadowing,
saturation effects

Insights into gluon dynamics
at small scales

Exclusive to low x, potential
new physics
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