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The electron-ion collider
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The electron-proton/ion collider (ePIC) detector (current status)
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The electron-proton/ion collider (ePIC) detector (current status)
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The electron-proton/ion collider (ePIC) detector (current status)
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The electron-proton/ion collider (ePIC) detector (current status)
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The electron-proton/ion collider (ePIC) detector (current status)
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The ePIC central detector (current status)
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The ePIC central detector (current status)

1.7 T magnet

* Monolithic Active Pixel Sensor
(MAPS) Silicon vertexing/inner
tracker
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* uRWell/microMegas
« AC-LGAD/TOF




The ePIC central detector (current status)

Tracking resolution |n| < 0.5
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The ePIC central detector (current status)

EM CAL
* Electron-endcap EM cal (EEMC): o -
high-precision PbWQO4+SiPMs 3HCA
 Barrel EM cal (BEMC):
Imaging EM cal ostat . / AD/TC

* Forward EM cal (FEMC): ; .
Finely segmented W-SciFi === SDIF




detector (current status)

HCAL

* Inner+outer HCAL.:
steel+Sci: control shower leakage
(inner) and detection of neutrals

« FHCAL.: finally segmented
steel+tungsten+Sci for good
energy resolution

e Backward HCal: steel+Sci TR S B f
sandwich: tail catcher = ) AICHE :




The ePIC central detector (current status)

PID

 Cherenkov detectors:
= pfRICH, hpDIRC, dRICH

BHCA ~ 1 GeV/c<p<b0 GeV/c

 AC-LGAD/TOF:
~p<0.5-3GeV/c




The ePIC central detector (current status)

PID

 Cherenkov detectors:
pfRICH, hpDIRC, dRICH

~ 1 GeV/c<p<b0 GeV/c

* AC-LGAD/TOF:

F PYTHIA e (18) + p(275)
~p<0.5-3GeV/c
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Kinematic coverage for DIS
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Reconstruction of DIS variables
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Helicity structure of the nucleon gluons

Inclusive measurements
— access to gluon spin
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Helicity structure of the nucleon: gluons 9+
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Helicity structure of the nucleon gluons

Inclusive measurements
— access to gluon spin
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Helicity structure of the nucleon: sea quarks

Semi-inclusive measurements, via good hadron PID
— access to sea-quark spin



Helicity structure of the nucleon: sea quarks
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Semi-inclusive measurements, via good hadron PID

— access to sea-quark spin
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Helicity structure of the nucleon: sea quarks D
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Semi-inclusive measurements, via good hadron PID
— access to sea-quark spin
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3D spin-dependent momentum structure of the nucleon  ™...:2.

Semi-inclusive measurements, with hadron reconstruction and pid down to low prt(~100 MeV for ) = §

@—@ Sivers asymmetry

e Low x and Q2: asymmetry well below 1% — need high precision

e TMD evolution o
| Parametrlsatlon M. Bury et al., JHEP, 05:151, 2021
o U 5x4al 107 o ox1do w1 aons o |
§ o mefsod |
s e 2 €[02,03] |1 1 )
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Decrease of asymmetry with increasing Q2 — need high precision (<1%) to measure asymmetry at high Q2
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Uncertainties Sivers asymmetry

e Low x and QZ2: small statistical uncertainty.

e For not too large Pt (and 2)
statistical uncertainty well below 1%.

e Systematic uncertainties increase with Pt (and z)
likely because of higher smearing effects.

e Intermediate and high x:
good coverage in Q2,
complementarity at different COM energies.

- Beam polarisations set to 70%.

- systematic uncertainty=
|generated - reconstructed|

additionally: 3% scale uncertainty
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Sivers TMD PDF: impact of EIC

Parametrisation from
M. Bury et al., JHEP, 05:151, 2021

Q=2 GeV

ECCE

DIS variables via scattered lepton

Q> 1 GeV’ 5 x 41 GeV?
0.01 <y <0.95 g § %88 gg¥2 L =10 fb~" for each collision energy pion and kaon data
W2 > 10 GeV? 18 x 275 GeV? 19



Di-hadron production from in eA
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Di-jet correlations — search for signs of saturation:
suppression of back-to-back dijet correlations in nucleus
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Di-hadron production from in eA
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Di-jet correlations — search for signs of saturation:
suppression of back-to-back dijet correlations in nucleus
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Di-hadron production and jets In eA

» Complementarity region covered by

dihadron and jet production
# correlated back-to-back hadron pairs in

e+Au/e+p scaled by Al/3
Away-side suppression
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Exclusive measurements on p

Detection of the recoll protons
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3D position+momentum structure of nucleon:
exclusive measurements on p

d’c/(dt*dQ*dx;) [nb/GeV*]

Deeply virtual Compton scattering
— sensitive to quarks (and gluons)

ECCE

106_— ||||||1||||||||||||||||—
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e Box: Beam 10x100 GeV .
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Exclusive J/ production
— excellent to probe gluon GPDs

-t [GeV?]



Coherent eA production

— probe gluon saturation

— nuclear imaging in position space:

Need measured pr range as extended as possible.

/. . Experimentally limited by maximum transverse momentum.
dAJ_ GPD(LI?, O, AJ_) fi_rLbLAL P Y Y
V ~third diffractive minimum.
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Coherent eA production

— probe gluon saturation

— nuclear imaging in position space:

104

do(® AU € AV IN) /gt (nb/GeV?)
. 3 ] 9

—_t
<

—
<
N

dAJ_ GPD(CE, O, AJ_) €

. Experimentally limited by maximum transverse momentum.
’LbJ_ AJ_

Need measured pr range as extended as possible.
~third diffractive minimum.

0
Toll, Ulrich, PRC 87 (13) 0249
5 J / o coherent - no saturation
== “V o incoherent - no saturation
- O = coherent - saturation (bSat)
- e incoherent - saturation (bSat)
= o [Ldt = 10/A fb™
- . 1<Q? <10 GeV?, x < 0.01
o
L =
. =
- "
- *r%#
E o | LT
— In(edecay)| < 4 ‘ ‘&;
- P(edecay) > 1 GeV/c
- (a) ott=5%
llllllllllllllllllllllllllllllllll
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

t] (GeV?)

0.18

— resolving minima is crucial

* Need 90%, 99%, and > 99.8% veto efficiency for
iIncoherent production, for the respective minima at
iIncreasing t.

« veto of events where nuclei break up
— use entire far-forward detector systems

 Need precise determination of t.

* reconstruction via scattered lepton and exclusively

produced vector meson/photon
17




Diffractive eA: study of exclusive J/Y production in ePb

. . — nuclear imaging in position space:
Extraction of coherent signal from

coherent and incoherent production

C\II_I B | | | | | | | | | | | | | | _
> i ECCE Preliminary

8 al Sartre+BeAGLE 18x108.4 GeV

2 10°% L., =10fA * E
-8 ePb— JAp(uu)+e'Pb

— Corrected for BR

G Sartre uu truth

O 10° - Sa uu _
® @) reco.+uuPID+FF =
 FF I @000 T -

—
o
N

—l
o

D D OFD
E-

OF ) 1@
' 301

e Simulation: coherent (Sartre)+incoherent

(Beagle, normalised to Sartre)
* No background simulation
 No simulation of the beam spread

t via scattered lepton and reconstructed

vector meson p% ~ (ﬁ]/w,T + ﬁef,T)z 18



Coherent ¢ production in eA

— probe gluon saturation

eAu 18x110 GeV EPIC (o, BAU 18x110 GeV EPIC
— I ‘ ‘ I | I = = | | [ I ' [ | ' l ' | | ' [ [ l =
g1 2<Q°<10 GeV? 0.01 <y <0.85 . - - -
105 x Iyq'l<3.5, IMinv - MQI < 0.02 GeV _ N : e

= Sartre ¢ MC = 10°- § ¥ - _; =

- C 5, ® Sartre ¢ RECO w. EEMC - ‘f -
—~10% = i @, O  Sartre ¢ RECO track only — . B = i
¢ - 1% 2. Sartre ¢ RECO best - S - ‘*
= - NG - £ 105 ofig— R =
GO 10° = | P = 3 & -
— F ] : 2 w. EEMC -
- - - = 1 —
O 102 = “O = 7 ¢ =
2 - N o® \*o.“v$ ft* " + -
S - % LAl

N P j f + * ® e

10 — 107 . -
- ¢ > KK &= KK :
1 = | . 10_2 | | | | | | | | I | | I | | I
0 0.05 0.1 015 0 0.05 0.1 0.15 0.:
I (GeVz) It (GeV?)

w. EEMC: Ee from EECAL; me from PDG; angles from tracking;
¢ — KK from tracking

track only: e and ¢ from tracking only
best: weighted average of above methods after cut on their E ratios1(@.5 - 1.5)



Summary

 EIC with ePIC can address various low-x physics topics through:
* Precise inclusive (spin-dependent) DIS measurements via high-resolution EM calorimeters.

- Measurements for 3D (spin-dependent) tomography in momentum space provided by
good Cherenkov-based and TOF AC-LGAD hadron PID detectors and tracking.

» Study of nuclear matter via heavy-flavour production (precise vertexing) and di-hadrons.

- Diffractive and exclusive measurements with coherent/incoherent separation via

very precise EM calorimeters and forward detector system.

20



