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EIC for QCD Frontier: From White Paper to NAS Assessment

' A Gluon Microscopy for Understanding the Glue that Binds Us All

EIC Community White Paper 2012

* Highly polarized (~70%) electron and light beams

lon beams from deuteron to the heaviest stable nuclei (U or Pb)
Variable CM energies from ~20 — ~100 GeV, upgradable to ~140 GeV
High collision luminosity ~1033-34 cm-2s-1 N
on ton Coliider: Possibilities of having more than one interaction region

The Next QCD Frontier

NSCA Long Range Plan 2015
» Nuclear Science Advisory Committee (NSCA) is commissioned by DOE and NSF

« Every 51to 7 years, it produces a Long Range Plan, with 3 to 5 recommendations,
=» a roadmap for nuclear science facilities for the next 10 years (LRP 1979, 1983,
1989, 1996, 2002, 2007, 2015)

arXiv:1212.1701

NSAC LRP 2015 Ahigh-energy high-luminosity polarized Electron-

i e oF lon Collider for new facility construction following the completion of FRIB
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“In summary, the committee finds a compelling scientific case for such a facility. The science questions
that an EIC will answer are central to completing an understanding of atoms as well as being integral to
the agenda of nuclear physics today. In addition, the development of an EIC would advance accelerator
science and technology in nuclear science; it would as well benefit other fields of accelerator based
science and society, from medicine through materials science to elementary particle physics.”
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EIC Integrated Luminosity Reguirements

HERA: 0.8 fb! integrated
A . Longitudinal luminosity delivered
. Transverse,’

* Unpolarized _.

100 =

EIC Projected
Luminosity Needs

Envisioned extended EIC program,
requiring ~1400 fb-!

EIC Projected Luminosity
Needs Expanded

g

_ eAuPb/U

Integrated Luminosity (fb™)
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Integrated Luminosity (fb™)

-20 GeV -45 GeV -65 GeV -90 - ~140 GeV ‘/7 . |
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g-,‘:‘ e‘ - : : ~20 - 40 GeV
o ;'I 95% of program is at CM energies below 100 GeV




JLEIC Layout

High Energy
Booster
(13 GeV/c) : :
lon collider ring
(200 GeV/c)
ow Energy
100m Booster
— (8.9 GeVI/c)
Electron collider ring
Electron (3-12 GeV/c) :
source —

12 GeV CEBAF

» Electron complex
— CEBAF as a full energy injector
— Electron collider ring: 3-12 GeV/c

* lon complex
— lon source
— SRF linac: 150 MeV for protons
— Low Energy Booster: 8.9 GeV/c
— High Energy Booster: 13 GeV/c
— lon collider ring: 200 GeV/c

* Up to two detectors at minimum
background locations

» Upgradable to 140 GeV CM

R By S8 Proposed Buildings



Why Jefferson Lab Is the ideal site for EIC

* Large established user community in the field Up to 12 GeV @1.5 GHz

« CEBAF, the world highest energy CW SRF linac
—As a full energy injector (without requiring any upgrade)

—Maintains highly-polarized high-current beam in the electron collider
ring using demonstrated top-up injection technique

* New collider complex
— Modern design and technology
— No constraints imposed by existing infrastructure
— Design driven by experimental requirements
* Novel high luminosity concept
_* Luminosity optimized around CM energy range of physics interest

. Novel figure-8 design for high polarization of any particles
~including deuterons

;eply integrated detector and machine design for full acceptarﬁg i
— Balance of good performance and low technical risk T



JLEIC High Luminosity Concept: Many Small Short Bunches

@ Conventional approach for hadron colliders ) - R
— Few colliding bunches =» low bunch frequency Stra_‘tegy'_ Design a Iepton—had_ron
— High bunch intensity = long bunch & large 8* collider like a lepton-lepton collider )

@ JLEIC takes a new approach:
high bunch repetition rate + short bunch colliding beams

nn, nn,

Beam Design

L — # # i W
4 droc 0 4 &l * High repetition rate
.  Low bunch charge i
@ A standard approach for lepton colliders . Short bunch Iengt . IIF: E*emgn
- Sma

(KEK-B reached > 2x1034 /cm?/s) ¢« Small emittance

» Large beam-beam
e Crab crossing

@ JLEIC advantages
— Based on CEBAF, its beam already up to 1.5 GHz
— New green field ion complex can be designed to deliver

high bunch repetition rate

N ¢ Critical for formation, emittance reduction/preservation
Bunch Bunch Bunch B*,
freq. (MHz) | intensity (1019 | length (cm) | (cm) @ Electron has SR --- natural damping
9.4 20 - ~90

@ No SR for protons/ions in JLEIC medium energy range

Role of cooling of ion beams

RHIC
HERA 8.2 7.3 16 18 @ JLEIC relies on electron cooling for providing a damping
| JLEIC 476 1 1 1.2 | mechanism

KEKB 158 - 458 6.4—-2.1 0.6 0.59 s Jefferdon Lab



JLEIC High Polarization Concept: Figure-8 Shape Ring

Figure-8
synchrotron e ™"
P

@ Electrons, protons & light ions are injected polarized from sources

@ JLEIC adopted a figure-8 topology for ion rings
=> A brilliant invention of Dr. Yaroslav Derbenev
= Enabled by a green field collider ring design

@ Spin precessions in the left & right parts of a figure-8 ring are
exactly cancelled =» net spin precession is zero
=> spin tune is zero Spin precessions in left & right are cancelled
@ Does not cross spin resonance during energy ramp =>» Spin turn is zero (energy independent)

@ Spin can be controlled and stabilized by compact spin rotators
(e.g., rotating spin, and moving spin tune away from 0)
@ No need of Siberian Snakes

Conventional

@ The only practical way to accelerate/store polarized deuterons synchrotron

in'medium energy range (gyromagnetic ratio g-2 too small)

@ The'electron ring follows the ion ring figure-8 foot-print
@ Figure-8 helps the electron polarization under spin flip

* Energy dependent spin precession
 Cross spin resonances during acceleration
« Siberian Snake may help but still difficult



JLEIC Parameters and Luminosity

Beam energy GeV
Collision freq MHz
Particles/bunch 1010
Beam current A

Polarization %

Bunch length cm
Norm. emitt, X Hm
Norm. emitt, y Hm
Horizontal B* cm

Vertical B* cm

Beam-beam, x
Beam-beam, x

Laslett tune-shift
Hour-glass (HG)
Peak lumi., w/HG 1033/cm?3s

Average lumi.* 1033/cm?s

21.9 44.7
P e P e
40 3 100 )
476 476
0.59 3.9 0.98 4.7
0.45 3 0.75 3.6
85 >85 85 >80
2.5 1 2.5 1
0.5 18 0.65 83
0.2 3.6 0.13 16.6
8 30 8 5.72
1.3 9.8 1.3 0.93

0.015 0.12 0.015 0.045
0.01 0.15 § 0.0135 0.041

0.055 small 0.018 small

0.85 0.73
3.2 14.6
2.3 10.5

63.3
p e
200 5
476/4=119
3 8.9
0.57 1.7
85 >80
3.2 1
1.26 83
0.5 16.6
21 14.5
1.6 2.2
0.015 0.136
0.0065 0.120
0.0039 Small
0.84
9.84
8.2

89.4
p e
200 10
476/4=119
3.93 4.2
0.75 0.8
85 ~80
3.2 1
1.5 664
0.5 133
19.2 4
2.3 0.8
0.006 0.022
0.003 0.022
0.0051 Small
0.66
3.8
1.9

98
p E
200 12
476/4=119
3.93 2.05
0.75 0.39
85 ~80
3.2 1
1.5 1145
0.5 229
27.5 4
3.3 0.8
0.003 0.013
0.002 0.013
0.0052 Small
0.67
1.31
0.74

* Average luminosity was calculated assuming a one or two hour proton beam store without or with high energy bunched beam
electron cooling plus 5 min beam formation time (mainly due to detector overhead), and a 75% duty factor of machine operation.
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JLEIC Luminosity Performance

100 GeV CM R
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 JLEIC has robust luminosity performance
* Performance options mitigate high energy

Beam-beam
dominated

cooling risk

=@=With high energy cooling

=@-=No high energy cooling

Average Luminosity (10°%/cm?s)

- &+ No high energy cooling, peak luminosity

°©
-

20 40 60 80
' CM Energy (GeV)
~ Average luminosity was calculated assuming a 1 or 2 hour proton beam store, without

or with high energy beam electron cooling respectively, plus 5 min beam formation
time (mainlv due to detector overhead). and a 75% dutv factor of machine operation.

CM energy Main luminosity limitation

low

medium

high

lon space charge
Beam-beam
Electron synchrotron radiation

Upgrade to 140 GeV CM

)

Average Luminosity (10%%/cm/s)

0.1

/

20

=@=With high energy cooling
=#=-No high energy cooling
= ¢+ No high energy cooling, peak luminosity

40 60 80 100 120 140

CM Energy (GeV)



JLEIC lon Injector:

Warm/SRF Linac

~

~8 GeV H*
2 GeV PbS™

~12.1GeV H*
~4.3 GeV Pb®*

150 MeV H-
40 MeV Pb®7™*

~200 GeV H*
~78 GeV Pbt2*

.“_“_I\m““ o Bucketto- / “—m _____
ion S_RF injection bucket transfer bucket transfer
sources Linac Low Energy
Booster High energy Collider -
K booster ring . - .
_ _ _ Quarter Wave Half-Wave
« Two RFQs: lightions (A/g~2) and heavy ions (A/q~7) Resonator (QWR) Resonator (HWR)
« Different emittances and voltage requirements
» Separate LEBTs and MEBTSs for light and heavy ions / \
* RT Structure: IH-DTL with FODO focusing lattice ECRS
* significantly better beam dynamics HI-RFQ

* SRF section made of 3 QWR and 9 HWR modules
« Stripper section for heavy-ions after 2" QWR module

LI-RFQ

EBIS

* Pulsed Linac: up to 10 Hz rep rate, ~ 0.5 ms pulse length

Un-polarized
Source

Source

Polarized !

AlZ<T Carbon
B RFQ 100 MHz 100 MHz 100 MHz 100 MHz Stripper 100 MHz 100 MHz 200 MHz 200 MHz 200 MHz
100 MHz> DTL: DTL { DTL - QWR - -QWR-QWR{ HWR 1 HWR # HWR -
(= RFQ _ !
AJ7 <2 Warm section : Superconducting cold section 150 MeV protons
< = 1 > 42 MeV/u Pb
500 keV/u 5 MeV/u 8.7 MeV/u 10

.g_e_tfegon Lab



Low and High Energy Boosters, lon Beam Formation

Low Energy Booster

» Takes 150 MeV protons from the ion linac
Proton extraction energy: 8 GeV

Ring circumference is 604.13 m,

Use warm magnets and FODO lattice
¥~=10.6 to avoid transition crossing

Qa8

~OBEEEg,

" "DC cooler ™

4.3 MeV

High Energy Booster

* In the tunnel along with the two collider rings.

» Accelerates protons from 8 to 12.1 GeV kinetic energy
* Ring circumference is 2336 m

« Uses a FODO lattice with a y,of 15.6

,,,,,,,

I

DC cooler
4.3 MeV

TR n
TR

""""""""
......

¥ B
,,,,,,

AEner : : :
3 high energy collider Ring o
booster > mittance
Low energy bunch preservation
_booster splitting, /" Up to 200 GeV
Pre-bunchi .capture Bunched beam
- itti ERL cooler
Muli-turn Stacking & /—SM Up to 110 MeV
injection & pre-cooling / 12.1 GeV
accumulation 8 GeV
DC cooler
150 MeV 4.3 MeV pI’OtOn
>
AEnergy collider Ring .
high energy < BNIEES
bunch preservation
Low energy booster In
e splitting, Up to 78 GeV
< capture Bunched beam
Multit Stacking & pre-coolin ERL cooler
Vit pre-cooling/ 4.3 GeV Up to 43 MeV
Injection & DC cooler
accumulation 2.1 GeV 2 3 MeV
DC cooler '
41 MeV
DC cooler 1.1 MeV :
21 keV Lead ion X




lon Collider Ring and lon Beam Polarization

« Circumference of 2336 m optimized for synchronization Arc SC magnets: 6T
« 200 GeV/c protons, 6 T cos @ dipoles and cos 26 quadrupoles - Based on the SIS 300 prototype dipole design

lons \\ Electron : /~T/~.25\m for CCB

Quadrupole Sextupole Dipoles

\ N\

RF Coir:g/ Crab Cavities
740 ?// < Polarimeter SIS 300 prototype dipole
IR Future IR
('/ Disp. supp.> /. L :
_ Geom. match . _ Disp. supp. 'Figure-8 based polarization design
Disp. supp. - ’t 'P - . . . . )

“ ~25 m for exactly cancelled in the other arc

Crab Cavities » Polarized deuterons

3D spin rotator * Spin stabilization by small fields: ~3 Tm

 ammesssssswoEmeessssssm ° COmbination of small rotations about s < 400 Tm for deuterons at 100 GeV
0. { B0 P diferent axes ~« Frequent adiabatic spin flips

_— o4« Provides any polarization orientation

s— " at any point in the collider ring

’ ’ <§ 3D spin

400- 1 -0.2 rotator

300. -

200. - A

100. + - -0.6

0050 467.4 934.8 1402.2 @ 1869.6 & 2337.0°

s (m) Control of n, ~ Controlof n, ~ Control of n,



Electron Collider Ring and Electron Polarization

* Full energy injection from CEBAF Electron polarization design

B El.ew doperatlon mode but no hg{dw?‘f mOd'f'Cat'ogﬁEl c « Electron polarization from CEBAF polarized source >85%
Ixed-target program compatible with concurrent Spin-flip: 2 polarized bunch trains maintained by top-off injection

operations : * Figure-8 helps maintaining polarization
* SR power density up to 10 kW/m, total up to 10 MW * Minimizes spin diffusion by switching polarization orientation
Parameter Units between vertical in arcs and longitudinal in straights
Energy GeV 3 5 7 10 12 Sp;
Beam current A 3 35 3 0.8 0.39 Energy 3 5 7 10 "R"fazo,
Total SR power MW 0.30 2.28 8.76 9.73 9.84 (GeV) ¢
Energy loss per turn Me-V 0.10 0.76 2,92 12,17 25,23 Lifetime 66 8 22 03 Magn-etlc-ﬁeld :
Energy spread 10+ 25 4.1 5.8 8.2 9.9 (hours) Polarization ?V )
Transverse damping time ms 474 102 37 13 7
Longitudinal damping time ms 237 51 19 6 4 ¢
Normalized horizontal emittance um 18 85 234 683 1180
Normalized vertical emittance um 1.3 6.0 16.6 48.3 83.5 . .
Bunch length m 1 1 : : 132 Universal spin rotator: geometry, optics independent of energy
Injection Time and Beam Current vs. Ener : R
20 j > 35 E Solenoid 1 Dpells Solenoid 2 Dol
18 \ nominal —Projected Injection Time | 3() electrons _ Set_l _ set_2
16 __ Assuming 2t Waiting T2 < Spin BDL Spin Spin BDL Spin
‘é‘};‘ eomenretron 2.5 E . ot Rotation Rotation Rotation Rotation
%10 | powerlimit | =0 & 82 sol2 c|Gev rad Tm rad rad T-m rad
E 8 1_, o 150 IP 3 /2 15.7 /3 0 0 /6
=6 Lumiimit 19 & s 45 T4 118 w2 w2 236 T4
2 0.5 % €S =at, @ . 6 062 123 2m/3 191 382 T3
0 0.0 S geas ans S 9 me  15.7 ™ 2m/3  62.8 T/2
34 5 6 7 8 9 1011 12 13 12 062 246 4mw3 191 764 2m/3

Energy (GeV)



Multi-Phase Electron Cooling

' ' X7
Conventional elect_ron cooling | Pre-cool when 7 \. Cool at reduced
. Proyed_ technology but In a new parameter regime | eneray is low cool ‘ emittance (after pre-cool)
» Achieving very small emittance (up to ~10 times reduction)
and very short bunch (-2 cm) with SRF Up to two orders of magnitude reduction of total cooling time

Assisting injection/accumulation of heavy ions

p | o |
. Suppressing IBS induced emittance growth during beam store /] EN€ray " high energy | collider R'"g_; Emittance
« High cooling efficiency at low energy & small emittance Low energy booster bunch preservation
. . & % spliting, / Up to 200 GeV
Multi-phase cooling scheme booster |  SPITNg Bp
. . . . < , Pre-bunch unched beam
» High cooling efficiency at low energy and/or low emittance i _ : ERL cooler
» Pre-cooling at low energy critical for 2 order of magnitude Multi-turn | Stacking & splitting f Up to 110 MeV
reduction of cooling time injection & : pre-cooling /" 12.1 GeV!
Kinetic energy (GeV / MeV) foes | accumulation / 8 GeV
Ring Functions Proton Lead ion Electron B4 | 150 Mev Ul
e | 4.3 MeV | proton .
Accumulation 0.1
Energy of positive ions (injection) 0.054 bC Fermilab cooler
Booster - .
Maintain emitt 7.9 2 4.3 (proton) COSY cooler T N vy non;’
_ : : : o | 1R ~ magnetize
High  during stacking (injection) (injection) 1.1 (lead) i_.,z MV magnetlzed - = [ s
Energy _ DC ey /" ‘ g B 5 g | R
booster Pre-cooling for 7.9 7.9 4.3 e '- | ‘ ' , L U

emitt. reduction (injection) (ramp to) 5> Ry s

collider Maintain emitt.

ring  during collision dplp el Lpleas | Lplosls | ERL PEY A& LTI =



High Energy ERL-Circulator-Ring Cooler

Cooler requirements beyond state-of-art  Technical approaches

* Current: 1.5 A/ 3.2 nC (strong cooling/baseline) « Magnetized cooling (magnetized gun)

* Energy: up to 82.5 MeV (must use a RF/SRF linac) * SRF linac (bunched beam)

* Beam power: up to 124 MW (too big to dump, must ER) « Energy recovery  (power management)
« Circulator ring (current management)

« Uses harmonic kicker to inject and extract from CCR
« Assumes high charge, low rep-rate injector

€ B<0 i B>0 B<0 THHHH B>0
lon beam Magnetization flip cooling solenoid

circulator ring ( \
\) linac )
beam dum;‘/ Injector | ERL ring %

Recirculating 11 turns =» reduction of

current from the ERL by a same factor
______________ rechirper

lon beam

)
,v ------
dechirper TTTE=——o___

fast extraction kicker circulating bunches '

¢ ----A— """ i'nTé'c_téa_b_u_n-E:hes exchangeextract;a-b_u-n_c-h-e?‘ """ [
vertical bend to CCR septum vertical bend to ERL
15 .g_e_tfegon Lab



ERL-Circulator-Ring Cooler Technology Development

Magnetized source development Harmonic RF Fast kicker

Gun HV Chamber

magnetized
beam

Gun HV

chamber solenoid

- llll

%z %1 10 harmonics
\ [4

g 50 \ I

T 40

; 30 \ I

E 20 \ ’

: \! !’
5 harmonic L S S
prototype Zq (m)

lmm‘ - -' :.l:!;ll'.a

16 .g_éﬁe' $on Lab



Interaction Region and Machine-Detector Interface

- zfaff:;f;; Crab crossing SR/background beam pipe/masking |
Kiok to support full-acceptance detection < T f
Kick ~ - % y . M netric match (elements) and beam dynami¢| AT electron
- - ng: large (50 mrad), avoiding parasitic co f .
o -
S50 mrad e crossing angle 3 ! 2 3 4 °
_ .‘- head-on collision - _ /

H_J
forward e
detection

)
'lm-

forward ion de_ﬁcl'\n

Compton | lll’l I,llWWWIWWWIWWI
polarimetrH

dispersion suppressor/
geometric match
]
N, Endcaps i
\
\:=l~ Roman pOtS /O EIC DeteCtIOI’]
N /76@
\\:\\\\\I f 450 mrac Secondary
T NN Qj\\l focus
U
2 N NN S ~
Low Q“ tagger \ | L J “
|\\\ \\\ O
Ce ntral/ SN I -
detector N i | Particles Associated ®¢ ] ]
> .:-+10 mrad with struck parton articles Associated

— with Initial lon )

e ?:‘}\



Interaction Region Optics in Electron & lon Collider Ring

Electron IR lon IR
Dipole chicane BDSH Geometric match and
| . : :
f * ! FFB FFB Far-forward detection dispersion ?uppressmn
Compton polarimeter Low-Q? tagger FFB FFB — IP l —_— A f X \
, A \ , A A A ,L iBDS2 iBDS3
] ] ] 1 [l lect ions —> ”HUJUJ ﬂu[uuﬁu L [ ﬂDﬂDﬂD’@
: H <— electrons
| _D I U | \ w I T T T I T I
1 T I I T l 0.3 ‘ > : : 5 o BX
E— : - £ f . QL .
Bx —— ' 4 eE e8| By — |10
. . D \ . N s ( S‘H N X
: : : : TN ToaS 3 -
SN ~Nz m Rtz
', 3 NR SS& R = 0.5
: : : /) 702 _ [T I ||| o
- - AR | | = | S i
E : : AR N | c X Qe b < t-3b<] 100 g
< ~ > 2 a
. 3 7
A @ Secondary /| ; .
focus : : = -0.5
. . . :
- -1.0
0
80

s [m] s [m]

« Conventional NbTi technology

_» Downstream chicane for low-Q? tagging and polarimetry _ _ _ _
- Secondary focus with high dlﬁgefsgs%%n Lab



EIC R&D at Jefferson Lab with Collaborations

 High-Priority EIC R&D topics defined by a community review panel (Jones panel)

» Accelerator R&D funded by NP — FY17, completed
— Crab system design and experimental test Report of the o
— Electron cooler design Community Review S
— IR magnet design of EIC Accelerator 2 O 1 7
— Simulation software development R&D for the Office
of Nuclear Physics

» Accelerator R&D fund by FY18-19
— Crab cavity operation in a hadron ring (BNL, JLab, ODU)
— Strong hadron cooling
» Development of innovative high-energy magnetized electron cooling for an EIC (BNL, FNAL, JLab, ODU)
» Strong hadron cooling with micro-bunched electron beams (ANL, BNL, JLab, SLAC)
— Magnet design
» High Gradient Actively Shielded Quadrupole (BNL, JLab, LBNL)
 Validation of EIC IR magnet parameters and requirements using existing magnet results (JLAB, LBNL, SLAC)
— Benchmarking of EIC simulations
» Development & test of simulation tools for EIC beam-beam interaction (BNL, JLab, LBNL MSU)
» Experimental verification of spin transparency mode in an EIC (BNL, JLab)
— Electron complex
* High Bandwidth Beam Feedback Systems for a High Luminosity EIC (ANL, JLab)

Jones panel report

19 J)_e,_?e-_m)on Lab



Demonstration of Cooling of lons by a Bunched e-Beam

» Using a DC cooler to demonstrate cooling by a bunched electron beam

» Pulsed electron beam from a thermionic gun by switching on/off the grid electrode

« 1St Experiments performed on 4/2016, follow-up experiment on 4/2017, 12/2018

A DC electron cooler at Institute _—

, of Modern Pl;:ysms, E:Pm? Energy (i/e) 5MeV/u & 2.7 KeV !
e A \ lon bunches 2  SAVASAVARVAL_ LN

* = W RF voltage 600 V 1.
S 13 \ Stored ions ~108 j_‘_‘_‘ —
L AR g ‘1\4‘,.‘];\ Anode voltage 400 V, 600 V, 800 V
; H i ) ‘r‘.",u‘.‘_‘ e R ot .

! L Pulse width 300 ns to 1200 ns

t=0.0s 23 t=0.2s 2 t=0.4s
Longitudinal cooling : N ;: -
. 00 /\__ 00 ___,/—\ 00 //\_
(reduction of bunch length) - Nl s At e SN E el
E)y pulsed electron beam 20 — 0 a0 30 %
“Kr** beam —~ 0 5 25 2% =
/(/O E-4s8 e v5 g . t=06s - t=0.8s - t=1.0s <
| ‘ | \_1:0,6 us (e-beam pulse width) 10 g 8 15 15 s ‘?
r.fk\ | 'f:jfi‘zg:‘;HéeakCU"e"" ZV: ?;: %- 0: /\ ;: A ;: %
o E : g
( -0'51 5 -1.0 0.5 0.0 05 1.0 15 -U'-i‘ 5 -1.0 -0.5 0.0 05 1.0 15 B §|.5 -10 £5 0.0 05 1.0 15 -
— S '

/ %— 30 30 30 z
= e §F Y t=1.2s ) t=1.4s ; t=1.6s =
/./ \ < s .

E—— S —— 0.5
/ \—\'\\—
-1.5 -1.0 -05 00 05 1.0 15

bunch shape (us)

dt (us)

JLab-IMP Collaboration *

thermionic gun

]
o
o
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/v/j I \\ \ 1241 g’
/ \ 1042%_

[$2]
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. 6439
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0 10 20
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Summary

« JLEIC meets or exceeds the EIC requirements (High luminosity, high polarization, full-acceptance detection)

« JLEIC takes advantage of modern SRF electron linac and a green-field ion complex
* Pre-CDR is completed and will be released soon
» Present focus: design optimization for robustness & cost efficiency, accelerator R&D

EIC White Paper

Requirements (2013),
page 9

Variable CM energies
from ~20-~100 GeV,
upgradable to ~140 GeV.

lon beams from deuteron
to the heaviest nuclei
(uranium or lead).

High collision luminosity
-1033-34 cm-28-1

Highly polarized (~70%)
electron and nucleon
beams

Possibilities of more than
one interaction region.

-«

NSAC Long Range Plan
Requirements (2015),
page 39

Variable CM energies
~20-100 GeV, upgradable
to ~140 GeV

lon beams from deuteron
to the heaviest stable
nuclei.

High collision luminosity
-1033-34 Cm-28-1

Polarized (~70%)
electrons, protons, and
light nuclei.

Possibly have more than
one interaction region.

NAS Report
Requirements (2018),
pages 53/54

Extensive CM energy range

from ~20-~100 GeV,
upgradable to ~140 GeV.

lon beams from deuterons
to the heaviest stable ions.

Luminosity 100 to 1000

times HERA. (equivalent to

1023 to 1034 cm-2s"
average luminosity)

Spin Polarized (~70% at a
minimum) electron and
proton/light-ion beams.

One or more interaction
regions.

JLEIC Design (2019)

Center-of-mass energy
19 to 98 GeV upgradable
to 140 GeV.

Protons, deuterons, He
(all polarizable) and up to
Pb/U.

Average luminosity 1033
to >10% cm2s™! over
center-of-mass energy
range 19 to >90 GeV.

85% polarization for
electrons and
proton/light-ion beams.

Two interaction regions.

EIC ACCELERATOR

Argonne &

COLLABORATION MEETING 2019

OCTOBER 9-11, 2019
Argonne Natlonal Laboratory

Considaring the technological and design

challenges common to the proposed EIC
The Elsctrondon Callder EXC) Accelerator concspts, the collsboration mesting aims

Collsboration Macting brings togathar
accelarator scientists and anginesrs from

to raview the prasant status of accalarator
dasigns and exchange recant developmants

US. National Laboratories, Uriverstias and and tachnical sokstions for dosar collaboration
othar Laboratories workiwide particpating and batier coordination of efiorts towards

In EIC accelerator dasign work and tha
developmant of ralsted technology.

a cost-affective and high-parformanca EIC
accelarator design

ELECTRON-ION COLLIDER




J I_ EIC CO I I abO rati on For Accelerator and Detector

S. Benson, A. Bogacz, P. Brindza, M. Bruker, A. Camsonne, P. Degtyarenko, E. Daly, Ya. Derbenev, M. Diefenthaler, K.
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EIC Science Assessments by US NAS =

JIS.-BASED ELECTRON-ION

COLLIDER SCIENCE

Finding 1: (Science) An EIC can uniquely address three profound questions about nucleons—neutrons and
and how they are assembled to form the nuclei of atoms:
How does the mass of the nucleon arise?
How does the spin of the nucleon arise?
What are the emergent properties of dense systems of gluons?
Finding 2: (Accelerator) These three high-priority science questions can be answered by an EIC with highly '
polarized beams of electrons and ions, with sufficiently high luminosity and sufficient, and variable, center-of-mass energy.

Finding 3:  An EIC would be_a unigue facility in the world, and would maintain U.S. leadership in nuclear physics.
Finding 4:  An EIC would maintain U.S. |leadership in the accelerator science and technology of colliders, and help to maintain

scientific leadership more broadly.
Finding 5:  Taking advantage of existing accelerator infrastructure and accelerator expertise would make development of an EIC

cost effective and would potentially reduce risk.

Finding 6: The current accelerator R&D program supported by the Department of Energy is crucial to addressing outstanding
design challenges.

Finding 7: To realize fully the scientific opportunities an EIC would enable, a theory program will be required to predict and interpret
the experimental results within the context of QCD, and further, to glean the fundamental insights into QCD that an EIC can
reveal.

Finding 8: The U.S. nuclear science community has been thorough and thoughtful in its planning for the future, taking into account
both science priorities and budgetary realities. Its 2015 Long Range Plan identifies the construction of a high luminosity polarized
Electron lon Collider (EIC) as the highest priority for new facility construction following the completion of the Facility for Rare
Isotope Beams (FRIB) at Michigan State University.

Finding 9: The broader impacts of building an EIC in the U.S. are significant in related fields of science, including in particular the
accelerator science and technology of colliders and workforce development.
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