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From Yellow report to EIC@QIP6

The EIC Yellow Report is a year long EICUG
driven activity (from Dec 2019 MIT kickoff
meeting - until Dec 2020), which summarizes
science requirements for the detectors and
possible implementations of the detector
technologies at EIC.

~800-page document
412 authors, 151 institutions

This proposal (EIC@IP6) emerged from the
Yellow Report discussions. It is based on the
Reference detector (next slides) and a new 3T
magnet
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AND DETECTOR
CONCEPTS FOR THE
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https://arxiv.org/abs/2103.05419

Physics at EIC

e+p/Ae+X ' [ Inclusive: unpolarized f,(x,Q2) and helicity Afi(x,Q2)
Inclusive DIS distributions through unpolarized and polarized structure

function measurements (F,, F_ g;)

O Define kinematics (x, Q2) through electron (e-ID is critical) /
hadron final state or a combination of both

Semi-Inclusive DIS
(SDIS)

(d SIDIS: flavor tagging through hadron identification studying

FF / TMD’s (transverse momentum, k; dependence)
U Azimuthal asymmetry measurement — full azimuthal acceptance
U Heavy flavor (charm / bottom): excellent vertex reconstruction

d Exclusive: tagging of final state proton using Roman Pots
studying GPD’s (impact parameter, bydependence) using
DVCS and VM production

 eA: impact parameter determination / neutron tagging

EIC Users’ Group Meeting - Miami Meeting using Zero-Degree Ca lorimeter (ZDC
July 15-17, 2020

Deeply-Virtual
Compton Scattering
(bves)




Physics requirements

Tracking Electrons and Photons w/Kip PID HCAL
n Nomenclature Muons
Allowed Min Resolutio p-Range Resolution
Min pr Resolution X/Xo Si-Vertex E n oe/E PID (GeVic) | Separation Min E OelE
-6.9—-58 . 086/8 < 1.5%; 106 < Q2
low-Q2tagger <102 GeV2
pusiiary |
45— -40 LpIA Detectors
4.0—-35 ~50%/NE+6%
-3.56—-3.0 2%/NE+
1-3)%
T Ol ~ 0.1%xp+2.0% Ty (-3)%
40pum
-25—-20 ~45%/NE+6%
20—- Oyxy~30|
20—-15 Op/p ~ 0.05%xp+1.0% xy 2oﬂ:/pr+ 7%/NE+ - <7 GeVic
-1.5—-1.0 (1-3)% suppression
10—-05 up to 1:104
-0.5—0.0
Central 100 MeV T . o | ~5%or | Owz~ 20U, | 5o ~500 . .
00—05 Detector Oplp ~ 0.05%>p+0.5% | \osg (:-':](22())/; Td&(:\l’/) MeV <10Gevie| 237 | Mev | B5%NE+T% USEL‘;' for
05—1.0 135 MeV K gm + 5 pm improve
: : =15 GeVic resolution
1.0—15 (10-12)%/ =30 GeV/c
oy —— VE+(1-3)%
D Oplp ~ 0.05%xp+1.0% Oxy~30pum/pT+
20pm
20—25 . 3cen |[550GeVic 25%/NE
-~ 0.
25—3.0 UXWf;gﬁm’PT* <30 GeV/c
Oplp ~ 0.1%xp+2.0% o
30—35 Oxy ggﬁm’pﬁ <45 GeVic
35—40
40—45
te Detectors
>6.2 Proton Ointrinsic(|H)/|t] < 1%;
Spectrometer Acceptance:
0.2< pr<1.2 GeVic

N

Figure 8.126: Summary of the Physics Working Group detector requirements




EIC Detector requirements

General purpose collider detector

U Large rapidity (-4 <m < 4) coverage; and far beyond
in the far-forward detector region

O High precision low mass tracking

o small (u-vertex) and large radius (gaseous-based)
tracking

O Electromagnetic and Hadronic Calorimetry
o equal coverage of tracking and EM-calorimetry
L High performance PID to separate «t, K, p on track
level
o also need good e/m separation
 Large acceptance for diffraction, tagging, neutrons
from nuclear breakup: critical for physics program
o Several ancillary detectors integrated in the beam

line: low-Q? tagger, Roman Pots, Zero-Degree
Calorimeter, Off-momentum spectrometer

L Control of systematics
o luminosity monitor, electron & hadron polarimetry
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New 3T Magnet

3927
O Specification document is being finalized

- O Account for geometric constraints
Y O Observe the projectivity requirement in
the forward gaseous RICH volume
. - L Optimize for tracking at large |n|

i ¥ | A preliminary electric design will be
P available on a time scale of weeks
O Interface to GEANT is technically

L 0.008 T _ : _
available (field map import)

Projectivity Plot
1.5 —5deg
—10 deg

Projectivity plot in the RICH region e

—20 deg

—25 deg

! Parameter New Magnet  ||BABAR/sPHENIX Magnet

Maximum Central Field (T) 3 1.5

Coil length (mm) 3600 3512
Warm bore diameter (m) 3.2 2.8

Uniformity in tracking region
— (z=0,r < 80 cm) (%) 3 3
°] Conductor NbTi in Cu Matrix Al stabilized NbTi
Operating Temperature (K) 4.5 45

0.5

(z*By-y*Bz)/sart(z"z+y*y)

Table 11.1: Summary of some of the main requirements of the EIC detector solenoid magnet.




EIC reference detector

[Cherenkov ][ Cryostat | [ERTINNN] [EmGal | [FEIGHN NI INWRGONN (S Tocker |[ TOF ][ OTR ][ 7RD |

n 1.10

+200.0 +300.0 +400.0 +500.0
hadrons electrons
> <

IP6 hall center

a -4.5/+5.0 m machine-element-free region for central detector

O 25 mrad crossing angle (current IP6 design)

Q Individual detector component space allocations provided by
the Yellow Report Working Groups
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Tracking/Material Budget

__________________________________________________________________________________________________

D Vertex + central + forward / backward tracker layout ]

(moderate momentum resolution, vertex resolution ‘Eimnoutgng — e‘i
~20 um) Central b(ifﬂi;')" section Hadron-outgoing side S I

L Up to 3 T central solenoid field (maximize B*dl integral
at high [n|)

O Low material budget

O Central area of beampipe (around IP):
~1.5m of beryllium to minimize multipl
scattering for low Py particles

O Low-mass exit window for far-forward

particles

O Minimize bremsstrahlung and conversions for
primary particles

O Improve tracking performance at large |n| by

m|n|m|2|ng mU|t|p|e COU|Omb Scattering D Few % radiation |ength materia|

thickness for the required angular
range (low angle)

O Minimize the dead material in front of the high-
resolution e/m calorimeters

_____________________________________~

0.40 Hadron endcap side
Fun4AlI-EIC Simulation -
. Mat: | t , [%
0.35 Tracking and PID detectors aterial in acceptance, [%]
= TPC end-cap, cable and air excluded
%, 0.30 EEE mRICH AeroGel ;
;g 0.25 W HBD-GEM Gas RICH
c Il DIRC
Q) e
—1 0.20 Bl Forward silicon tracker
_S 0.15 B Forward/backward GEMs
o mmm TPC (field cage+gas)
S 0.10 I MAPS vertex tracker
o s Mar-2020 beam chamber
0.05
+/- 60 mrad
0.00

-4 -2 0 2

Psuedoraiiditi
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MAPS uVertex

O For primary and secondary vertex reconstruction

O Low material budget:
O ~0.3% X/X, per layer (possibly 0.05% a la ITS3 for ALICE)

O High spatial resolution: DCA,yp resolution VS p,

nnnnnnnnnn

Q 20 um (or smaller) pixels E
_ 2 L « in FST
O Barrel+ Disks for endcaps S ——n=10-15
O C —a— n=15-20
e = —4—n=2.0-25
X 80— —4—n=2530
@ L —4— n=3.035
F el
st
20b
0_ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

o
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Track P, (GeVic)

Central beampipe with the outer
diameter 63.5 mm:
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Electron outgoing side el \
Central beryllium section Hadron-outgoing side b

(1.47m)
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== =@- -~ FundAll, 409.8 mm outer radius
——@— EICROOT, 409.8 mm outer radius
== =@-== FundAll, 500.0 mm outer radius
iy EICROOT, 500.0 mm outer radius
= ==@-=-= FundAll, 600.0 mm outer radius
—@— EICROOT, 600.0 mm outer radius
===@=== FundAll, 775.0 mm outer radius
——a@— EICROOT, 775.0 mm outer radius

S

Central tracker

@
o

Relative momentum resolution [%]
w

O For momentum reconstruction *
2
O low material budget tracker (gaseous) 15
[ Sufficient spatial resolution N q<n<1
3 dE/dx for low-momentum PID (?) N S S S lilio'm;nluﬁ\%;v}c]
O Tracking layer after DIRC .
14T === 1<p<2GeV/c
' —8— 25 <p <30 GeV/e
. . . 15—
Hybrid version of MPGD + Si tracker b esoue
(discussions between eRD6, eRD22 & eRD25) £ 1T s pcacee

[Cherenkov | [ Cryostat | [ICIIENNN [EmGai | (aGHN I INRRGHNN (s voc |["70F ][ TRD ]

n-1.00 10.00
N .

y1.10
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|
|
N, | R4
|
|
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Alternative tracklng options

_____________________________ __-__O_III-

,/ O sTGC (ATLAS, STAR) \I
|

| . STAR |
L |
I I
I oo Zals :
: S :
| ¥ |
'\ O ~100 um or better spatial resolution ,'
‘A cost efficient /

\
|
|
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|
|
I
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|
|
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|

O 6-8 concentric layers up to R~ 80 cm

. \.O <100 pum resolution (potentially in 2D)
a as Ilght weight as the other EIC optlons

Q can provide dE/dx (over pressure by design)
P
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Endcaps: MPGDs

To improve momentum resolution at large rapidities.

Spatial resolution well below 100 um
Large-area detectors possible

Cost efficient compared to silicon

(G [Cryosar™) IR0 [ NESGaT (ESERTEHN I NERGON (5 e ] (068 [ ] o]
-1.00 n0.00

Endcap
GEMs (outer)

endcap
GEMs (inner)

m
~

nd Meth. A376(1996), 29 _

nstr. and Meth. AB05(2016), 2

Drift Cathode
[

Avalanche
ZZ Pa

Momentum Resolution vs. Particle Momentum
(Pions, Theta = 15.41°)

e No Outer GEMs
® With Outer GEMs §

20 30 40

Momentum (GeV/c)

50 60 70

TR

e
B, Pitch
4000

[ TOpsLiDsS

k S ). ——

EIC R&D: Iarg 2D GEI\/I module —




Electro-Magnetic Calorimeter

 Applications
O Scattered electron kinematics measurement at large |n| in the e-endcap
O Photon detection and energy measurement
O e/h separation (via E/p & cluster topology)
Q =%y separation ->may also consider a highly segmented preshower

[ Anticipated stochastic term in energy resolution & available space

0 4.2l | 2.1 | 1.1 | (1.4

or/E ~2%/VE ~7%/VE ~10-12%/VE ~10-12%/VE
space ~50 cm ~50 cm ~30 cm ~40 cm
) ) # Type samp- famp Xo Rm  Ap cell x% AZ | op/E, %
 Other considerations ling, mm mm_mmmmmm? cm |«
1 W/ScFi** ©047ScFi 2% 70 19 200 25% 20 30 |25 13
O Fast timing W powd.
2 PbWO;™ - - 89 196 203 20> 225 35 |10 25
O Compactness (small )(Oand RM) 3 Shashlyk*** 0.75W/Cu’ 16% 124 26 250 252 20 40 | 1.6 83
1.5Sc
a Tower granularity 4 W/ScFi** 0592ScFi  12% 13 28 280 252 20 43 |17 7.1
. . ! with PMT W powd|
O Readout immune to the magnetic field 5 Shashlyk*** 08Pb  20% 164 35 520 402 20 48 |15 6

" P 1.55Sc
W . TF1 Pb glass*** - - 380 20
Sc. glass*b - - 400 20

N
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T



g

g

g

Crystals

High resolution EmCal in the electron-endcap for t
scattering electron measurements

PWO where space is tight, and the highest possible
energy resolution is required

Scintillating glass (E/C R&D) otherwise

O More cost efficient, easier manufacturing

O Potentially better optical properties

[Cherenkov | ["Cryostat | TN (e i) M= ISR (S Trocker |[C70F ][ 7Pc ||

-1.00
<

n-4.20

2019: 2cm x 2cm X 4cm

Example: SC1 glass

Feb 2020: 2cm x 2cm x 20cm (7 X0)

TRD

10.00

Light Yield (pe/MeV)

Light Yield (pe/MeV)

PWO: vendo

r characterization
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(Gt [ Cyosar] IR () e AN MRS 57 ] (0] [0
-1.00 n0.00

Sampling EmCal

[ Well established technology
0O HERA-B, ALICE, PHENIX, PANDA, ...

 Medium energy resolution ~7..13%/VE

N420f —m

d Compact (X, ~7mm or less), cost efficient

_________________________________________________

" W/Cu/ScTile shashlyk v W/SciFi spacal

iScintiIIating Fibers embedded in a W/epoxy mix
' Light collection uniformity can yet be improved

o
N

Energy Resolution

L1

T I T T T T T T T
Fun4All-EIC Simulation 018

Tower 36

on

Geant4, truth energy deposition
Total Rad Length = 20X

1/6X,: A E/E = 5.92%/VE @ 1.05%
1/4X,: A E/E = 6.72%/VE ® 1.30%

— Tower 36: 2%(8 pip) @ 3.2(0.1)% @ 13.5(0.2)%1g ’

Resolut
o
>

— Tower 29: 2%(8 pip) @ 3.8(0.1)% @ 12.8(0.2)%H

2018

—— AVETage: 2%(5 pip) @ 3.5(0.1/% & 13.30.2)%/E| ’

*0**

) . _ o o -

B 0.1 2 1/2X,: A E/E = 10.64 /°/\{E D 1.67% — — 0-12__ UILUC 10° 2%%(5 pip) @ 2.8%% @ 15.5%%NE

S 01 3/4X,: A E/E = 13.68%/VE ® 2.06% A E 2017
8 . 1Xy: A E/E = 16.19%NE @ 2.12% 0.1 ——e—— THP 10° 2%%{E ) @2.9%% @ 16.1%%AE

D 0.08 008k

<] T

lII|HI|III|IH|II1|III|III|

0.08f :
Tower20  F | ~133%/NE +3.5% =

Tower boundary

0.02F

1 P T S T AN TR T R S N S S [ B B
5 10 15 20 25

' Geant4 truth electron energy (GeV)
A CEEEE— — — — — — — — — — — S aTEEREREE —

b ! Livuileool ! !
Block boundary L T B 201 L |251 L |30
Input Energy (GeV)




Hadronic Calorimeter

 Main purpose: jet energy measurement

> Particle Flow Algorithm usage anticipated (where HCal role is identification and energy
measurements of the neutral hadrons, namely neutrons and K|)

|H

A In general, the “conventional” hadronic calorimetry is considered per default

O Anticipated stochastic term in energy resolution & depth

o¢/E ~50%/VE + 10% ~100%/VE + 10% ~50%/VE + 10%
depth ~5 7\4 ~5 7\.| ~6-7 )\4

O Other considerations

O Space!

O Interplay with EmCal in a “binary” EmCal+HCal configuration
O Tower granularity (~10 x 10 cm? suffices)

0O Readout immune to the magnetic field

V* \A/’
! .,(( o




IR (TErcai ] (o) M- NGO (s Traco |[70F J["TPc [ TR0 |
1,00 n0.00
< ;!
N 1

EES fa1.10
N 1

Fe/Sc sandwich

[ HCAL in endcap

[ Compact LEGO-style design
O Can be used with a mixed Fe/Pb absorber
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[Cherenkov ] Cryostat | IRNETRTNN [TEwcar ] [Fuamionn) Mo IWIEGHNN (S Teceer |[CTOF |["TPC ][ TRD
10,00
1

Fe/Sc ( barrel)

1 Similar as used in sSPHENIX

O Solid 32-sector steel frame, but only ~3.5 A,
O Moderate energy resolution

la1.10

=12 L L L L L B
w T ]
;LI.I SPHENIX Preliminary .
< 1 o T —_—— — — — ]
S AE/E = 2%(3p/p) & 12.4% @ 88.2%/\E 1
S | ]
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Particle ID

 In general, need to separate:

Q Electrons from photons  ->4n coverage in tracking
Q Electrons from charged hadrons -> mostly provided by calorimetry

O Charged pions, kaons and protons from each other -> Cherenkov detectors

[llustration of PID detectors achievements:
Pythia MC

10?

-t
Q

Physics requirements:

- - - ]
> = i
Rapidity nt/K/p and n0/y Min pT (E) g T[/K i = 10°
|
-35--1.0 7GeV/c 18GeV/c 100 MeV/c &
10 — 2
-1.0-1.0 810 GeV/c 8 GeV/c 100 MeV/c - ﬁ: l i 10
1.0-35 50GeV/c 20 GeV/c 100 MeV/c |

'
o]

N \

INE
'

N

o

-

=.,

Cherenkov detectors, complemented by other technologies at lower momenta

-
o



Particle
rack

DIRC

S S
Mirror /Cherenkov

Photon Trajectories

U

Radially compact ( ~ 8-10 cm)

U

= 2
and <100 PS t|m|ng (T[/K up to ~6 GeV/C) g 1 gkpixel-based (geometric) reconstruction
=16
 Re-use BaBar quartz bars ? 1 ,
ion i o AW AT R
[ Integration into a 4 detector can be R A Dl I BT
challenging 08 L
0.6F blue: 1mrad tracking resolution
0.4F red: 0.5mrad tracking resolution
0.2F black: ideal tracking
2680 B0 100 T 40— To0

NS g b,

LTI

separation [s.d.]

Focusing

high-performance DIRC with better optics

/

TR [TErGai ) [eioaN IS IWEGEN (s 7o« | [7oF ] [7Pc ][~ TR0
-1.00 n0.00
N ;
~. i

Detector

Surface

-400.0

u
Poo®

+100.0

+500.0

+200.0 +300.0 +400.0

Cherenkov angle resolution angle per particle

n/K separation power at 6 GeV/c

0.5mrad tracking assumed -=-o6,=0.05ns

—~-0,=0.10ns

‘ i _L°t=0'15 ns
RN S i
- S R S I R I T .
el Ty e

A

T
i — —L‘-—‘L H_j— —
e
]

AN

11111

n

time imaging reconstructio
1 L 1

L 1

1éO ;fO 160
polar angle [deg]

20 40 60 80 100

polar angle [deg]




Modular-RICH(mRICH)

O For hadron PID in the electron end-cap e e i e e e

d Compact version of a conventional aerogel-
based proximity focusing RICH

ln1.10

New features: a) separation of optical and |

. Fresnel lens
electronic components; b) longer focal |
/ .\"\

length (6”); c) 3mm x 3mm photosensors.

n4.20

N420f — oo _

T
00 © +100.0 +200.0 +300.0 +400.0 +500.0

-500. ~400.0 -300.0 -200.0 -1000 P

N, vs Momentum (2nd Prototype)
2 S0F
wsb =  Omm x Omm Pixel size
ok = P 2um Piel size
il 5 I [+ amm>x3mm Pixe size |
2" mRICH prototype was tested at Fermilab Test Aerog ~20 c SQWﬁane F u emm x 6mm Pixel size
Beam Facility in June/July 2018 - 30—
F = .
25—
) 205— .
Beam Test at Fermilab GEANT4 Simulation E . -
155— g -
10 " A "
E . 2 : o g n
5— a n
30 = R A T T -
o_l 1 | 11 1 1 | | A T ks | | { R Pkl S | | | Hoe R DN | | M L e | T L L 4 * 1111 ! 11
3 5 6 7 8 9 10

momemtum (GeV)

out_y (mm)

Expect /K 3o separation up to 8-10 GeV/c
O Was also tested with SiPM r |

15 20
pixel ID

PP ——



D I | [ ] t RI C I I [Cherenkov ] [ Cryostat | ITEIoNN [TErcai | (EaimicHN IS INWEGENN (i Tecor ] [TOF PG TRD
| | a ra I a O r -1.\03 "o;,oo

3 Hadron PID in the forward/hadron end-cap

 Use a combination of aerogel and C,F, with indices
of refraction matching EIC momentum range in the |

forward endcap ~  Fmwmww T w
3 Similar to LHC-b, HERMES, JLAB/Hall-B, ...
Aerogel Gas Spherical MirrF)r ) 1, Hits on detector

“~_Photon impact Radiators: Aerogel (nagpo™1.02) + Gas (ncye ™ 1.0008)
i Detector: 0.5 m?/sector, 3x3 mm? pixel
<> Single-photon detection in ~1T magnetic field

O\ Outside acceptance, reduced constraints

~— |/ 1@ Continuous >3c /K separation up to 60 GeV/c and
— K/p separation to higher momenta

O >30 e/m separation up to ~15 GeV/c

L B B R
10751 7 Voo = 19°

track —

A
Dy = 15° =

track —

___________________________________________________________________________

0II'I20I II40I IIGOI 1 I80 I100
p (GeV/c)

p (GeV/c)




Addltlonal e |ID

To improve e-identification for leptonic/semi-
leptonic decays.

O In addition to Calorimeters and Cherenkov
detectors in the hadron-endcap considering
TRD.

O GEM -TRD/Tracker :

O e/=w rejection factor ~10 for momenta
between 2-100 GeV/c from a single ~15cm
thick module.

/pion /elecfron
Radiator Entrance
window
T r—
o
Primary 3
dE/dx -+
clusters /@ R —
photon Xe_ gas tg,
mixture s
I [ Amplification
region
/ / Readout

pion electron

L 9%
-

O Very precise Tracking segment behind dRICH:

o ] e (=l ] oo [ o W o
-1.00 I]D‘OD
:

T 0
-100.0 00 ® +1000 +2000 43000 +400.0

fa1.10

n4.20

E e Xe 20mm, e/n
18 = Xe20mm,ele
F ¥ Xe 20mm, data-
16 .
143 /
12F %
10F + PR
F LR Y
8F s’
6: S R
F / —
£
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2: “_/}il’
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S
=
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s
3 20 [
=
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ngh resolution timing technologies

—— i — — — — — — — — — — — — — — — — — —

(AC)-LGAD

o \
l QE__ =2597 |
| QE,_  =24.11:+1.01 | DC-contact
| | AC-pad #1 AC-pad #2 AC-pad #3
I br— I I I I
| E | AN capacitive
| >'__' | resistive p’-gain oxide
I | n-cathode
| | p-Si
| ' ++
. I p
: 10[:)100 -75 50 25 0 25 50 75 100 |
. X [mm] |
: O QE routinely >20% | 1400 ‘ , ‘ 250 ‘
| o ) . . sl | | 12001 7] data 200/100 | 7] data 200/100
;3 >90% gain uniformity 5 | — =17 200] | — st 17 — |
| . 'E =m0l | | 1000 | ikl 3 ighiady
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I'Q  Performance in high B field is & : = =
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| R Argonne 10 pm | 0 : 0
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10.0% Magnetic Field (Tesla) I )
L 5 g | | @ Detectors can provide <20ps / layer
: _ UV-enhanced version -> TOF! | ‘ . _
| " sw w0 = w6 W | | @ AC-coupled variety gives 100% fill factor and
Wavelength (nm] Il potentially a high spatial resolution (dozens of

Expecting affordable detectors with <10ps microns) with >1mm large pixels

timing on the EIC CD-2 time scale
PO




Far forward (hadron going) region

\zpf dipole
ZDC oo
—
b ul

/ =2.0
Roman pots ) ; W W @

(inside pipe) P' B1apf dipole
. ' B1pf dipole
Off-Momentum \
Q1bpf quadrupole

far-backward far-forward
detectors detectors crep pF
Cpnt fector %

7 Q4ER

x (m)
°
@

Detectors
¥, = Pznucleon
L — . Q2pf quadrupole
Pz peam Hadrom Q1apf quadrupole
coming from IP BOapf dipole

mrad

[mrad] (inside magnet bore) B0pf dipole
ZDC @ ~30m 6<5.5(n > 6) pT<1.3 GeV
Roman Pots 0*<0<5.0(n > 6) *Low pT(t) cutoff

(beam optics)

Off-Momentum 0.0<0<5.0(n>6) Low-rigidity particles
Detectors from nuclear breakups
BO forward 5,5 <6 <20.0 High pT(t)
spectrometer (4.6<mn <5.9)

e U —— 000 0



Far-forward detectors

____________________________________________________________________________________________

\”f Roman-Pots and Off- momentum A

BO-spectrometer (5.5<6<20.0mrad) ' detectors 0.0* (100 cut) <8 < 5.0 mrad

m
- ! g-Momentit P
d Warm space for detector package insert ! %etedo's

located inside a vacuum vessel to isolate /Rom/anvots
from insulating vacuum. h " O

gean*® ¥4 ZDC
I A VIA

this area ( MAPS) with layers of fast- X 4

timing detectors (LGADs) ' O Low Pt particles P; < 1.3 GeV

' O Shape and coverage of BO tracker needs ! : .

Q Higher granularity detectors needed in h

1 O RPs: movable, integrated into the vacuum
to be further evaluated N

hn t
Space for } system |
detectors INNER CRYOSTAT i O Fast Timing and moderate granularity
HEATSHIELD . (500x500 um?)
i 1 AC-LGADs

Lo a(z) = e B(2)

\
ELECTRON \ .
BEAM TUBE - - HADRON
= = BEAM TUBE
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Far-forward/backward detectors

P e T I T e T T T e e e

" Zero Degree Calorimeter

______________________________________________

~ -, ~

' Far-backward ( electron-going) region

O For detection of neutrons and photons

120_..H!....!....!..
(O<e<5.5 mrad ) 1002_ ..... % ....... ...........................................
O (Limited by bore of magnet where the I .
neutron cone has to exit) £ of e, 311 IS T
O Pb/Sci Calorimeter ( FoCAL...) 3 af e e
‘]%:' o I] ........................... Dﬂ .........
OED . _p0f— E[l .......................... ..... gé ___________
m _8946l = 1—3i5l = ‘—C‘i}OI = l—215I = ‘—20 = l—15I = l—10I = I—5l = I0

Length z (m)

O This area is designed to provide coverage fo
the low-Q? events (photoproduction).

O Si-strip detectors (or Timepix or diamond )
detectors for precise position/angle

O W/ScFi, etc for energy measurements

O Similar technology for luminosity detector

—— Generated

Spectator Neutrons
e+d collisions
18x110 GeV/n

Photons

e e N e e e e e = = = = = = - —




Reference Detector — Streaming Readout Architecture

— Data
====_ Configuration & Control
Power

DAQ
| (Data Acquisition) Possible at EIC as data
rates manageable

I
[ BW: O(10 Tbps) > (500 kHz, O(100) Gbps)

Detector FEB | FEP
(Front End Board) I (Front End Processor)
|
| BW: O(100 prs)>
I I
| 4
| L~100m |
fiber |
| 1
I
! Fiber |

Global timing, busy & sync
Beam collision clock input
Goal: O(100 Gbps>

[
I
I
| FPGA
I
i

T

Fiber

Switch / Switch /
Server: Server:
Processing Buffer

S' LVDS ~ 5m ( 80)
Analog ~ 20m

Power Supply System

(HV, LV, Bias)

30 July 2020

Cooling Syste




Central detector maintenance

O Short access (hours)— no major disassembly actions
] Longer access mode for maintenance (endcaps rolled out)

S
B
=

=g
]
T
»

=————0 AlKAKKK

O Scheduled maintenance (months) — detector moved to the assembly hall
Q The only option to access the central tracker and the forward / vertex / backward



Central detector mstallatlon in IP6

A e v I o 1 %]
[é SSE s :
~ ]
T'Ff IHT —; Iﬂi
1 e = Hall length ~3200 cm
e g — Hall width ~1615 cm
/’ M Door width 823 cm
STAR detector in | ‘ =t Door height 823 cm
the beam position fahinition

Vs

> Limited space along the beam line (the final focusing quads are placed as close
to the IP as possible in order to maximize the luminosity)

> Barrel part of the main detector is designed to fit through the door
» Use Iarge assembly hall for the long detector maintenance




Summary & Outlook

O EIC reference detector
Q Itis based on the EICUG community effort, and presented as such in the CDR
O The Yellow Report physics studies show that it meets the requirements
O Anew 3 T magnet matching this configuration is being designed as we speak

O The detector includes a variety of different technologies for tracking,
calorimetry, particle identification and ancillary detectors along the beam line
O The technology choice is largely determined by the EIC Detector R&D Program

A concrete configuration will be defined shortly in the detector proposal drafting
process, based on the groups joining the effort, within the available cost range

 The detailed Geant4 simulations will be conducted for this coherent detector setup

 The simulation environment(s) for the purposes of preparing a detector proposal
must be agreed upon quickly, with the understanding that we need reliable working
tools now, and more detailed / realistic studies than the ones in the YR are requi

‘l = | N Y - =
g




Backup




Background/radiation

» The HERA and KEK experience show that having backgrounds under control is
crucial for the EIC detector performance [ Primary collisions/ionizing J

radiation

‘ Radiation dose in [Jcm °]for 1.0 fb " integrated luminosity I

» There are several background/radiation sources :
¢ primary collisions
* beam-gas induced
% synchrotron radiation |_Synchrotron rad.

Radial coordinate, [cm]

» The design of absorbers
and masks must be
modeled thoroughly

yet AR | R e W), OO el
800 400 -300 200 -100 0 100 200 300 400 500
Z coordinate (along the beam line), [cm]

-> backward EmCal: ~250 rad/year
(at a “nominal” luminosity
~103% cm2s)

GEANT4 Beam-gas event

600

400

200

0 S . 09090 OB .

X/cm




EIC physics measurements

pin and
Flavor
structure of
nucleons and
lei

Parton
Distributions in
nucleons and
nuclei

QCD at
Extreme Parton
Densities -
Saturation

Tomography
Transverse
Momentum
Dist.

Tomography
Spatial
Imaging

e(ku/) ]
"E,/ R v* y
ety ,
Y*(qu) I+€/ \x_f
> ) —  HEEH®xED ey
P(p,) ) p N D
inclusive DIS (ep/eA) semi-inclusive DIS (ep/eA) exclusive processes (ep/eA)
® measure scattered lepton ®* measure scattered lepton ¢ measure all particles in event
- large kinematic coverage and hadrons in coincidence - rapidity gap: hermeticity
(where reach to lowest x,Q?2 —> hadron identification over « far forward instrumentation
also impacts IR design) entire acceptance (recoil protons, exclusivity)
—> event kinematics reconstruction - tracking
(tracking, e/m calorimetry) —> hadronic calorimetry (jets)

=~ high quality electron ID in the
accept_,w

,,,,,,,

—> vertexing (charm)




|IR-related physics requirements

Table 2.2: Summary of the requirements from the physics program on the overall IR design.

Hadron Lepton

. . +4.5 m main detector
Machine element free region

beam elements < 1.5° in main detector volume

Beam Pipe Low mass material, i.e. Beryllium
Integration of detectors Local Polarimeter
Zero Degree Calorimeter 60cm x60cm x2m  @s = 30m

scattered proton/neutron acc. |Proton: 0.18 GeV/c < pr < 1.3GeV/c
all energies for e+p 0.5 < xp < 1(xL = E},/ EBeam)
Neutron: pr < 1.3GeV/c

scattered proton/neutron acc. Proton and Neutron:
all energies for e+A f < 6mrad (for /s = 50GeV)
6 < 4mrad (for \/s = 100 GeV)

Relative Luminosity: R = LT+/~=/L+=/~+ < 10~*
Luminosity 7 acceptance: =1 mrad
—J6L/L < 1%

Low Q?-Tagger Acceptance: Q% < 0.1GeV

‘\"(} > 7).
U



orward Proton Acceptance -

5 GeV x41 GeV
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2501 ==
200}
150F
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Need both detector
systems together here!

High Divergence: smaller 8* at IP, but bigger

B(z = 30m) -> higher lumi., larger beam at RP
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Off-Momentum detectors

(0.0< @ < 5.0 mrad)

oft-Momen™ P N
1ors n > n'
petec s \_/' t=(n'-d)>-M,
S - Roma“_PO x_y_image_RP_Ext x_y_image_BO
— v
e —— | o

Single BO
plane

g
T

S

o,
©
g
I
N
=]
(@)
y coordinate [mm]

» Protons that come from nuclear breakup have

a different magnetic rigidity than their I Y coonsnate (mm)
respective nuclear beam (x,<1) e Frefon. Pl MEFTSGrCS i
» This means the protons experience more et R e A
bending in the dipoles. =
» As aresult, small angle (6 < 5mrad) protons -
from these events will not make it to the -t
Roman Pots, and will instead exit the beam 1
pipe after the last dipole. sm

|
1a 1
-3 -2 -1 0 1 2 3 0 5 10 15 20 25

» Detecting these requires “off-momentum Azimuthal angle,  rad] Petar snghe, O{ved

te‘c\:corS('Z‘./v : Neutron spe
E in 0».\'»"',‘ IS
C \' " N ,’( " ’,:\. g ‘




[Cherenkow ] [Cryostat ] [TEmGal | INCSEINN (FRIGHN) (NG G (S Treceer |[TT0F ][ TR0 |
-1.00 00,00
~

Alternative option

® Use a single-radiator high-momentum RICH

> Will need to complement it by other PID
detectors at lower momenta

00000

——— e — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — ——— ——————— — — — — —

Window
Drift
Wires \

» Asingle-radiator design with the relatively heavy C,F, radiator
» After upgrade: UV range, Csl-coated THGEM-based photon detectors

—_—— e —— e — =

\ » Adetector like this would fit EIC needs provided perhaps a lighter radiator (with the
\ n/K separation up to at least ~50 GeV/c) is used
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Time of Flight PID

® May sound hopeless for a compact detector,
but in fact it is not

> Need very high resolution timing detectors

> Must resolve all the issues with t,, clock
distribution, long term stability, path length, etc.

_______ t, from e
EIC TOF L_ﬂ:/_K separation (> &5)_] PYTHIA e (18)+p(275)
ok 1"'B"ai"|"él"¥”2"E"ridé‘!a" > layers g bl T, All hadrons
—|cs_(_) Z(Lpsll_yer 4444444 F | - ‘.
(B=1 . L[ C e
YA N O O O T DO S 107
O A N AU s S AP S SO SO Sy 2 gl
L. a Ad -
s 0’ +
% 6 | bbb P — = -+-
SN U O A O T W
@ i fo 0*E| Self-extracted t, ﬁ
N q.. N A TR
N e 07z s 6 B 10 12 14 16 18 2
I T O U B >~ - B I N (nl<4,0>0.5 GeV)
o 47 coverage in high-resolution TOF preferred
F """"" | """ — May use identified electrons as f, input

% 2

charged track (hadron) multi

May use combinatorial anaIyS|s for high




TOF + dE/dx

Time of Flight alone dE/dx alone

2
" X E [ STAR Preliminary
2 48 1.2<p<1.4 GeVic 2wl
o : 3 s dE/dx vs p from TPC
C A g s
1.4 0 05 1__15 Al
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LTC T
121~ 3
1 2f e
o 3:— — dE/dx after TOFr PID Cut .
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P RAHYE ST PPN TIPS PP PR P - 5
"o 0.5 1 15 2 25 3 35 &
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C 4 =
-> Note: combining information from = ot
several independent PID detectors can -
drastically improve the selection quality ’E i : ¥ 1 J \
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