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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)

+ far backward
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The electron-proton/ion collider (ePIC) detector (current status)

+ far forward
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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): _
high-precision PbWQO4+SiPMs 3HCA

 Barrel EM cal (BEMC):
SciGlass/Imaging EM cal ostat A AD/TC

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




The ePIC central detector (current status)

HCAL

e Inner+outer HCAL:
steel+Sci: control shower leakage —
(inner) and detection of neutrals SHCA

« FHCAL.: finally segmented
steel+tungsten+Sci for good
energy resolution — 0DIR




The ePIC central detector (current status)

PID

 Cherenkov detectors:
= MRICH/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)
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Physics with EIC
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Kinematic coverage for DIS
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Kinematic coverage
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Quarkonium production (at the EIC) oo

— Access to production mechanism of quarkonia, which is not yet understood

 Usual assumption: factorisation between QQ formation and QQ hadronisation

» Different approaches for hadronisation: colour-evaporation model, colour-singlet model, non-relativistic QCD (NRQCD)

NRQCD

colour-octet state

/

Figures by Pietro Faccioli
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— Access to gluon distributions



Inclusive J/y production -
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Inclusive J/Y production il
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Intrinsic charm at the LHC
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Intrinsic charm at the EIC
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TMD PDFs in unpolarised protons R
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TMD PDFs in unpolarised protons -

e+p— e+ J/yY+ X, leading sub-process: e + g — e + |cc] ’

— probe gluon distribution

— Py, mostly from gluon kr LHC: access to linearly polarised gluons
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TMD PDFs in transversely polarised protons | %~
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Exclusive measurements on protons

3D longitudinal-momentum
+ position structure
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Exclusive measurements on protons
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Exclusive measurements on protons

3D longitudinal-momentum
+ position structure
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Exclusive measurements on p at EIC:
detection of the nucleon
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Reconstruction of J/Y via electrons and muons

Distribution of electron and muons
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EIC: exclusive J/Y production on p et
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Diffractive production on nuclel

— probe gluon saturation (for not too heavy final states)
— nuclear imaging in position space
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- Coherent production: measurements up to large t:
3D or 2D (x independent) transverse position
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Coherent photoproduction in PbPb at the LHC

ALICE, Eur. Phys. J. C 81 (2021) 712

— 14

EEREE STARLIGHT

do/dy (mb

10— ----- LTA (GKZ)

— = lIM BG (GM)
— — |Psat (LM)

- BGK-I (LS)

- - - - GG-HS (CCK)
— — b-BK (BCCM)

ALICE Pb+Pb — Pb+Pb+Jip sy = 5.02 TeV

1 ALICE coherent JAp
- Impulse approximation

—— EPS09 LO (GKZ)

no gluon

shadowing
/

-4.0<y<-2.5

|y|<0.8 «— 0.3 x 108 < xg < 1.4 x10-

0.7 x 102 < xg < 3.3 x10-2 (dominant)

1.1 x 105 < xg < 5.1 x10°

Results indicate shadowing in gluon PDF:

Pb

g~ 0.65at x 1073
A gp 20

R, =

do, p,/dltl (mb c? GeV™?)

Model / Data

—l
o

ALICE, Phys. Lett. B 817 (2021) 136280

ALICE Pb+Pb — Pb+Pb+J/y \s,, =5.02 TeV

ALICE coherent J/y, lyl<0.8
—+ Experimental uncorrelated syst. + stat.

Experimental correlated syst.
UPC to yPb model uncertainty
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] 5 v b-BK/ Data
v LR o e i 77777777777777777777777
0 0.002 0.004 0.006 0.008 0.01 0.012
It (GeV? ¢



do(® AU = € AV I /gt (nb/GeV?)

EIC: diffractive eA

5 o coherent - no saturation
104:::; J/ y o incoherent - no saturation

e = coherent - saturation (bSat)

:'D ¢ incoherent - saturation (bSat)
108 fLdt = 10/A fb

= 1<Q% <10 GeV?, x < 0.01
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— resolving minima

Toll, Ulrich, PRC 87 (13) 0249

t] (GeV?)

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

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

Need precise determination of t.

reconstruction via scattered lepton and exclusively
produced vector meson/photon
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Diffractive eA: study of exclusive J/y production in ePb

_ Extraction of coherent signal from _
J/p — eTe . 0 . J/p — utp
_ N S —— coherent and incoherent production __ ————————
- o - -
% i ECCE Preliminary i % i ECCE Preliminary i
Sartre+BeAGLE 18x108.4 GeV Sartre+BeAGLE 18x108.4 GeV
8 104 SaTSHRaLE taion oY _ 8 10ty S SRS el
= o ePb— J/y(ee)+e'Pb . -CCJ Q ePb— JAp(uu)+e'Pb :
—_ ﬂ Corrected for BR ] — [ ) Corrected for BR ]
S . 3 6 ] Sartre ee truth | D . 3 [ Sartre pu truth
B 10°F kg O ECCE reco.+eePID+FF = B 10°F O ECCE reco.+uuPID+FF =
O ] : - O : o2 up incoherent bg -
10°F E 10°E E
10_ E 10E... . E
- et ML T GOy SaTed 1 Distinction of e and p in present studly: - R :
1E ke I "?!' E deposition in EEMC cluster/Ptrack: 1k
' oo i 55_ >0.6 2 e
_||||||||| |||||||-:Eé L |; <O'6_’l‘l [ I
O 0.020.04 0.06 0.08 0.1 0.120.14
p2 [GeV]

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 p7 = (D .1 + Per,1)° 22



Summary

» Quarkonium production at the EIC offers:

» complementary information to probe the quarkonium production mechanism

~ excellent tool to probe the gluon content of nucleon,
with the advantage of a clean probe, compared to the LHC

* Promising studies based on detector simulation for physics of exclusive measurements

» High potential for non-exclusive physics:
> next step: further studies using full detector simulation
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Back up
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Diffractive eA: study of exclusive J/y production in ePb

On the importance of the EEMC for the scattered lepton

o)
10 | | | | | | | | | | | | | | | - | | | | | | | J | | | | | | | | | | |
- ECCE Simulation
: Sartre 1.37 J/ijp—uu
'y x<0.01, Q*>2 GeV?, 6 >0.08
4 {I'f P> GeVp >100 MeVn <3.2
10 L —e "ECCE tracker, B=1.4T
- e' ECCE tracker, B=3T
— e' track+clus, B=1.4T

- - - e' track+clus, B=3T

Counts

1 03 = e e'track+EEMC response, B=1.4T —
= e' track+EEMC response, B=3T S

2 d B
10° : _
10 ;'_, f _

=|=|=|=TJ._._._:_:

002 04 06 08 T2 74 16 18 o

P(reco)/P(truth)
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