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Development in China-HIAF&EicCs
S/ EicC § |

EicC
2012:Discussion in community
2020.2,2021.6:white paper(CN,EN)
2021-2024.CDR

(213 authors from 69 institutes)

As part of the long-term planning project for major
scientific and technological infrastructure in particle
physics and nuclear physics, the project has undergone Vs: 16.7 GeV

two international expert reviews and one domestic expert : Elr:é‘torgf‘ ion
review.

EicC's advantages (to EIC-US):

1)  The energy is in the sea quark region, closer to nuclear physics
2)  Nearer to the threshold for the production of heavy quarkonium

HIAF:

http://www.j sinap.ac.cn/hjs/CN/Y2020/V43/12/20001 Completed by the end of 2025, it will provide the world's highest-
"N https://journal.hep.com.cn/fop/EN/10.1007/511467-021-1062-0 intensity pulsed heavy ion beams, creating unique conditions for
the construction of the EicC 3
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Machine Kinematics

[x (02 Gev?) 5210 5104 5x107 EicC, Vs:15 ~ 20 GeV
M0 T 1) The energy is in the sea quark region, closer
T ; : m e .

Sl TEmcw = to nuclear physics

g 7 ° o LHeC 2) Nearer to the threshold for the production of
Zoonlo O] heavy quarkonium

o E COMPASS

§ 1 HERMES H1/ZEUS

S 10 S e 1 S .

EIC 10 x 100 GeV?

Doubly polarized beams Unpolarized beams

EicC 3.5 x 20 GeV?

101000 1000

Center of mass energy+/s (GeV) JLab 12 GeV

Y
Q
N

Momentum Transfer Q° (GeV?)

Facilities Main goals
JLab 12 GeV Valence quark mi_
EicC Valence and Sea % | V%
US and Europe gluon B |m T ‘?—
EIC 10° 10 to° 10’ 1

Fraction of Momentum x 4



High Intensity heavy-ion Accelerator Facil

ity (HIAF)

Booster Ring:
Circumference: 569 m
Rigidity: 34 Tm
Aaccumulation
Cooling & acceleration

High intensity ion beams
for atomic physics,
nuclear physics, applied
research in biology and
material science etc.

Two-plane painting injection scheme
Fast ramping rate operation

\‘ Superconducting lon Linac:

Length: 180 m
Energy: 17 MeV/u (U34%)
CW and pulse modes




EicC accelerator complex overview

> 20 GeV p + 3.5 GeV e BT L : iﬁzi:
pRing "
> /S:16.7GeV [ W
eRing
» High Lumi.:

_ 33 -2¢-1
2-4 x10°° cm-4s J—

e N

*’OD

@ T8 TR

527 SRing

'rl

» Polarized beams e-Injector

]E

illinac



EicC Physics

(Semi)-Inclusive DIS

A Q) @1 Q7 =100 GeVZ 68%C.L.

DSSV 14 3
£ DSSV 14+EicCS01b” DIS
-7 DSSV 14+EicC50fb™ SIDIS
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X (m)

EicC Detector

1.00
i A, ]
0.75 0 Electron
0/, EDT k!
050 aon - RPs
QoL @ D2 A Electron
025l 000 2 m = CrabD CrabU
0.0
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osh E = “Compton IP” Central ] =0
. L g Detector 4 Central Detector
aser 2 ]
10%0 -50 -40 -30 20 -10 0 10 20 30 -30 20 -10 0 10 20 30
s (m)

s (m)

e far-forward detectors Central detector lon far-forward detectors

DIPOLE MAGNET FOR MOMENTUM
ANALYSIS OF COMPTON ELECTRONS
*Meas:

Photons and Electrons SAME POLARIZATION
*Limit Systematic Uncertainties First Two Dipole Magnets

Compensate Each Other

Compton Photon ()
Calorimeter

e

Laser And >
Fabry Perot Cavity ~)
~




EicC Detector (central + ion far-forward)

Pixel + MPGD Coll RICH ZDC
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EicC Detector (central + ion far-forward)

p
3
\

10



PID detectors

150cm

196cm

75¢cm

70cm

hpDIRC

30cm ‘
I 108cm

138cm
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=
=
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200cm

AO8V —

- mRICH
 dRICH

PID Detector Kinematic Coverage
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TOF based (low p)
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LGAD

« Cherenkov based (high p)

DIRC
RICH
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lon Far-forward detectors

RP

ZDC
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Roman Pot Stations

Roman pot station: 2 silicon trackers (MAPS +
AC-LGAD) placed inside the ion beam pipe
Small holes in the middie to allow ion beam
passes through

Each tracker made of two movable L-shape
planes, making the hole size tunable

~ 0.3% resolution

RP Momentum resolution

0275
0.250
0.225
_,0.2001

—

0.1754

p[%

dp/|

0.150 1

0.1254

0.1001

0.0751

- n€[4.7,5.0]
~$- n€[5.0,5.3]

- n€E[5.3,5.6]
—- n€([5.6,5.9]
—— n€[5.9,62]

15 16 17 8 19 20

1
P [GeV]
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Roman Pot Stations

High lumi. configuration

e With EicC high luminosity ~4x1033 cm™ st
» larger beam spot size at RPS
» central hole needs minimum (18cm / 10cmin x/y)
» Only cover down to ~10 mrad

e With EicC high luminosity ~1x1033 cm™ st

» smaller beam spot size at RPS

» central hole needs minimum (8cm /4cminx/y)
Low lumi. configuration > Can cover down to 5 mrad

* Possible way to reach ultra-forward angles:
» spend 10~20% of run time to run low-lumi. setting,
reaching angles ~5 mrad

14



Designs

Particle
Circumference(m)
Kinetic energy (GeV)
Momentum (GeV)

Total energy (GeV)

CM energy (GeV)

fconision (MHZ)
Polarization

Bp (T-m)

Bunch intensity(x101)
£/ &y (nm-rad, rms)
B+/By (cm)

RMS divergence (mrad)
6xRMS size @ BpF2 (cm)
8xRMS size @ BpF2 (cm)
10xRMS size @ BpF2 (cm)
Bunch length (cm, rms)
BB parameter £,/&,
Laslett tune shift

Energy loss (MeV/turn)
Total SR power (MW)
Average Current (A)
Crossing angle (mrad)

Luminosity (cm2-s1)

EicC accelerator

High Lumi. Low Lumi.
HIAF-U-New, VO V1
e p e P
1151.20 1149.07 1151.20 1149.07
3.5 19.08 3.5 19.08
3.5 20 3.5 20
3.5 20.02 3.5 20.02
16.76
100
80% 70% 80% 70%
11.7 67.2 1.7 67.2
1.7 1.05 0.44 0.27
50/15 100/50 12.5/3.75 25/12.5
10/4 5/1.2 10/4 5M1.2
1.4/2.0 0.7/1.0
9.3/4.6 4.6/2.3
12.4/6.2 6.2/3.1
15.5/7.7 7.8/3.9
0.75 8 0.75 8
0.102/0.118 0.0144/0.01 0.105/0.121 0.015/0.010
- 0.066/0.105 0.065/0.10
0.32 -
0.86 -
2.7 1.68
50

4.25x10% (H=0.52) 1.13x10%3 (H=0.52)

Two running modes to meet physics requirements

High energy polarimeters

Pol. e~ \ Ve
source

Mott polarimeter

e

{ BRing-N: 9.3 GeV/ct,
BRing-S: 20 GeV/c |

Low energy Pol. lon
Siberian snakes Wt 7 polarimeter source
Spin navigator S e ———
S AR

15



Efforts to increase the luminosity

BRing-N

BRing-S pRing

lon .
SRF Linac )
Sources Bunched Beam Cooling
- D
e-Cooler
CW 1 bunch 192 bunches

6.77 X 10" ppp
injected with the
A full emittance
74/37 mmm -mrad

Energy

200 MeV

BRing-N acc. Period
~ 0.1 s, DC electron
cooling time ~ 120 s

2GeV

J injections: 2 injections: 384 bunches,
1 1 13 11 13
intensity 2.03 <10 20 GeV LO5SX 10" pph, 4.05X10

ppp. rms emittance
200/100 rnm

ppp, rms emittance 100/50
anm rad

Acceleration
period ~ 4s, 6x
bunch splitting

The replacement
time is about 12 min

Electrostatic high voltage

E-gun

Collector Aﬁ ’
Decelerating tube Accelerating tube

Cooling section

Time

SC cavity Pre-acceleration cavity

4
Dump - 4 :

M“’ Laser E-gun

. V -
Kicker = S Kicker
Circulating ring

= = e P

Cooling section-1 By-pass beam line Cooling section-2

16



y [m]

y [m]

Efforts to increase the luminosity

Floating-waist Collision Method

0.06

0.04 -
0.02 -
0.00 -
—0.02 -
—0.04 -
-0.06

Pro’ltons

Electrons

0.06

-1.5

-1.0

0.0

0.5

1.0 15

0.04
0.02 -
0.00 -
—0.02 -
—0.04 -

-0.06

Protons

-—

Electrons

—1.5

-1.0

-0.5

U:D
z[m]

0.5

1.0 L5

Instantaneous Luminosity (cm?s)

—
=

{w sl

Rapid cycling collision scheme

Mode A
Mode B
Rapid-cycling

0 5000

_ 10000 15000
Time (s)
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Spin flip

The spin flip frequency in ® Polarimeter
the collisions of the electron
beams and the proton ®®
beams is about 1.04 MHz, %
decided by the number of
bunch trains with opposite
spin directions in the
collision rings.

1908 Gev B Spinrotator

mm Siberian Snake

mmm Full Snake

@8 Spin navigator

67 mtrimsic res.

34 mperfect res.

GeV
8 mtrinsic res.

o) 192 bunches each injection X 2 4 imperfect res.
I I I |
=5 ) £ da G
| | | |
e 96 bunches each injection X 4

18



Status of HIAF

2024.08.02

Location: Huizhou, Guangdong

u 2018 - 2025
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Project status

¥

HIAF Construction [ Operation
HIAF*
CHNS CHNS Operation
White paper CDR TDR Construction

|

2021.06 White paper

Frontiers of iy

P hys i csi‘::::, :

AAAAA

LI

2024.11 release CDR

Operation

Hyperon,
Hyper-nuclei

Nucleon
structure

Fundings for detector and accelerator R&D:

Forward detectors: ZDC, OMD, EDT

proton polarimetry

Polarized proton beam

20



RESHZYIEHAFREER (CNUF)

CNUF-China advanced NUclear physics research Facility

alt. ZIEE. (EREHNEFIIERKRFRESE

SIR TR O EERES s ———
e SEFINHEE (HIAF-U) m cesE
eRing B s
O JERNSERRIERE
AR (MEEEZSBERS (ISOL)
e R EIR R S
rRISES

0 SSREWRHEERER

FEFIIERE (EicC)
MBS reX
BIFREFS

T CiADS
e

iLinac
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Summary

EicC proposed based on the HIAF facility.

-- polarized electron beam (3.5 GeV)

-- polarized proton beam (20 GeV) and ion beams
High precision measurements for 1D (helicity), 3D (TMDs/GPDs) nucleon
structure study with flavor separation in the valence and sea quark
dominated region. Physics potential on exotic hadron, meson structure etc.
are also investigated in EicC.
EicC CDR will be released at 2024.

Accelerator and detector R&Ds are on-going.

Thank You






Endcap Dipole Trackers (EDT)

Four silicon trackers (MAPS, AC-LGAD)
Charged particlein 16 mr <8 <60 mr
Full ¢ coverage for 6 <35 mr

gaps for 0 > 35 mrand -30°< ¢ < 30°
to allow electron beam pass through
~ 0.5% resolution

Motivation: many meson decay photons
peak in this range

Compact EM calorimeter (only ~¥30cm
available space in z due to quad. magnets)
Reasonable candidate: PbWO,
Acceptance: 20 mr <0 < 60 mr




Forward A detection

polar angle of A Energy vs decay z-vertex of A
2000 202 TR I
15005— B
1aoof~ L
1400f- = i
= 12005— (3 16
3 1000 3 15(8
800}~ E 14
aoof— 13
400 12[§
2002— 11
c()'‘l|51““110‘“11[5““21()““2|5l|“310““3|5l“I410““4y15““50 105 ; é ‘ é tJt EI) l(IB‘Ju%HHB
6 [mrad] decay z coordinate [m]
polar angle of p from A polar angle of T from A
Detection of A is essential for measurement of  zof EvE— F EP—
2000 —— EDT detected . - ctocte
the kaon form factor and structure function ™ —FoTaesea |V R
=3 — OMD detected F
] . 14001~ 1200
using the Sullivan process. g f E soonf
© 1000;— © 800;
e+p 96 +K++/\ 222;: 600?
] ) 400F- 4001
Obvious advantage for EicC, compared to EIC 200f
S - R R E— 0F==F6-""20""30 2050 807080 80 700

Efficiency of A ~ 40% (EIC 1% ~ 20%) 0 [mrac] 6 [rad]



Luminosity Monitors

- via elastic bremsstrahlung off electrons; large and well-know cross section ~mb

Photon spot at z=30m
- Detect bremsstrahlung photons downstream electron beam

- Direct photon detection for instantaneous luminosity monitoring

50¢ rrreTy
-

y(mm)

- Photon conversion to e+e- for precise luminosity calibration

—50-40-30-20-10 0 10 20 30 40 50
DIPOLE MAGNET FOR MOMENTUM
ANALYSIS OF COMPTON ELECTRONS x (mm)
Measuremen t Of Both Compton

Photons and Electrons SAME POLARIZATION
* Limit Systematic Uncertainties First Two Dipole Magnets

Compensate Each Other

Compton Photon ()
alorimeter

Photon energy Photon angle

e A
~ 10%F . b 10" L -
LaserAnd \\ r Parameterization 1 Parameterization 3
Fabry P; Cavil ] 1
Ap— N ) GETaLM MC - GETaLM MC
10" =
\l Compton Electron
Tracking Detector 10+
. 10°F E
I ep3.5 X 20GeV | [ ]
- - - METES IFETIATS NI AT AT AT ITEN NRTITENS ST o AR A Il FERE FEE PR FEEE FRTE W s
Lum|nos|ty monitor 0 05 1 15 2 25 3 35 0 02040608 1 1.214161.8 2
E, (GeV) 8, (mrad)
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Electron Compton Polarimeter

Quasi-head-on collision with high-power 100% circularly polarized laser

- Independent detectors for electron and photon of ey — ey

Noninvasive and continuous measurement of asymmetries between left and right
handed laser polarization states

DIPOLE MAGNET FOR MOMENTUM

- Geant4 simulation I1s ongoing

unpolarized x-sec (NLO) Analyzing power
Measuremen t Of Both Compton

.
Photons and Electrons

-
— - =
o; ’ 2 SAME POLARIZATION % . Unpolarized = B
* Limit Systematic Uncertainties First Two Dipole Magnets = Left 5 F
Compensate Each Other § i N 2 15 L
Compton Photon (V) = r nght 8, o
Calorimeter ™ 10 'é"’
c 3 L kY,
~ F i~
~ =
Laser And % F =
Fabry Perot Cavity \) L
5+
s e Bea I F
) R S R -3 P T R
0 0.1 0.2 0.3 S

P
0 01 0.2 0.3
Photon energer (GeV)

Luminosity monitor
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Proton polarimetry scheme

The H-Jet polarimeter at RHIC . g The RHIC/AGS p-C polarimeter
Precision: 5% in 1 hour, not fast enough Ay can be self-calibrated with a pol. H target Target box

* Radius: 16 cm
cold head () @ ® @
dissociator Beam T l T l Target frame

Target 1 1 l 1 * ceramicv plate
* metal holders

* 4 holders (3 carbon + 1 empty)

metal

isolation
valve

Identical beam & target particles

]
3
(%]
E 3 * 1 left empty for background check
g l
O
g six-pole magnets Same Ax for ﬁp - pp O+®and @+ ®
< RF transitions N ppoppD+@and @+ @ ceramic
holding field axan
magnet ol FALE
Recoil . Pb — Ebeam _ __ Ebeam P (—) _
g spectrometer eam Ay Etarget target .. / ; m -
§ L A Y *b ./ "&i
s RHIC beam *  Prarget measured with Breit-Rabi polarimeter - I ¢ g ]_ .
o 5 T Ut i~ !
e N | e L . S
3 . Np—Ngr I >
4 * Left-right asymmetry: € = T measured }{I‘ .
= L R (1] L
o detector . . g 5 |
& ~ with symmetrically placed detectors ' -il

Technologies are rather mature in the world. However, critical R&D needs to be
Identified from our side.
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Structure of the EicC barrel silicon tracker

* ITS3-based Vertexer (3 IB layers)

Hybrid Integrated

Circuits (HIC) 7th EicC CDR Meeting - Y.P. Wang

> EXJEicC, RIRBEIMAPSERMEFIRITSIHE, F

Stave

FFRSEIMEPCB. RAEN S

BEERab AT EHT
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The Longitudinal Spin of the Nucleon

1
Ei — :511 _+_ _l;(z _+_ :5!; _+_ 'Z;EJ

1[ d20% d20= ]

2 |dzdQ?  dxdQ?2

A7 o2

Q4

y(2—y) g1z, Q%)

+x=0.0036 (i=0) EMC
1 : SMC
12- x=0.0045 E};‘g
1 _ HERMES
" x=0.0055 COMPASS 07 (160 GeV)
1 CLAS W>2.5 GeV
| ‘_Lwlﬂi,_— x=0.007 . COMPASS 11 (200 GeV)
104 - 0,009 ——— COMPASS NLO fit
—_—t A
: —1—~+-[“""f" =0.012 * EicC 3.5 x 20 GeV?2
] -—k**i"**’i}*—b_— x=0.017
8- J—ﬁ——““—"h"“ oo € 121-070
o 1 Lt 170035
X Ly Ly e o1 x=0.049
Q6] A
5 e ety ¢ 30077 ((=10)
O — %
= e e b 2002
] e 4 '
S R— vt 1=0.17
[—— — y - x=0.22
] S SO — -+ x=0.29
3 Foageoeeso e e . 22041
x=0.57
e k1l *
0' ........................... x=0.74
T ™ —T -
1 10 102
0?(GeV?)
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0.04

0.02F

X Afl(x,Q)

-0.02F

0.02F

Projections on helicity distributions

000F

AU(x,Q) at Q* =10.0 GeV> 68%C.L.

DSSV14
DSSV14+EicC50fb DIS dc10

DSSV 14+EicC50fb ' SIDIS-dc10 -

Ad(x,Q) at Q> =10.0 GeV> 68%C.L.
DSSV14
DSSV 14+EicC50fb DIS-de10
DSSV 14+EicC50fb ' SIDIS-dc10

As(x,Q) at Q> =10.0 GeV> 68%C.L.
DSSV14
DSSV1 4+Eicc50tb‘}ms-dc 10
DSSV 14+EicC50fb ' SIDIS-dc 10

Ag(x.Q) at Q% =10.0 GeV?> 68%C.L.
DSSV 14 1
DSSV 14+EicC50fb ' DIS-dc 10

DSSV 14+EicC50fb 'SIDIS-dc10 ]

EicC SIDIS data:

» Pion(+/-), Kaon(+/-)

> ep: 3.5GeV X 20 GeV

> eHe-3:3.5GeV X 40

GeV

> Pol.: e(80%), p(70%),
He-3(70%)

» Lumi: ep 50 fb-1

-1
SIDIS is SIOGRIROrL”
powerful
EicC significantly i |mprove
+hn Nnrocician 1N cn ﬂl |
|9 LAY PI CLUOUIVJIVIT 11T O \1

Fragmemglgmfunction used: DSS 2!




Exotic hadrons

e Study the exotic states from new production mechanism is
crucial to pin down their nature

* EicCas a unique electron-ion collider has many advantages

» Larger cross section compared to e+e- collision

Y(3940)
=X(3915)

» Smaller background compared to pp and pA collisions

» Polarized beams: pin down the quantum numbers

» No triangle singularity
Heauy-Quark QCD Exctce
PPNP 93, 143 (2017)
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J/psi production at EicC

____________________ For s ~ 10-20 GeV
10°4 T —— .
: }f  Photoproduction o(yp=> J/Wp) ~ O(10 nb)
102- & o(yp=> cC p) ~ O(500 nb)
g 5
= 1014 * Cusp structures at A;D thresholds in the
© ] I CIF (1979) '
] S Termilah (1950) energy dependence cross section.
1004 ¥ EMC (1982)
€ & SLAC (1986)
® CERN/WASS (1987) ‘
i @ JApp data before 2002
10-13 ¥ GlueX (2019) 100} Fi-i-i- dg-dh
L T - - : r : ; — U 2 T
10! 102 B% Jr
W, (GeV) _ A %
= g
Multi-quark states Kinematic effect (CUSP) S %/ ML Duetal G 0GEY)
% P L;j% ‘ I/ ,/' Dl@ ——= M.-L. Duet al. (Gmax=1.2GeV)
A J/ x ’ J/v ~ i },’ ¢ Photoproduction(qmax=1.0GeV)
AN P, 7 D‘ﬂ(“\“):f 10—1_ / ¢ Photoproduction(qmax=1.2GeV)
| y b GlueX_2019
¢ GlueX 2023

44 45
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J/psi production at EicC

3 I
10 g i "f‘i‘ﬁf— yp—ccX
102_§ /
= i
E ]
s 1073
S : L CIF (1979)
. ¢ Fermilab (1980)
100- ¥ EMC (1982)
: & SLAC (1986)
] ® CERN/WASS (1987)
i @ JApp data before 2002
10-1—§ ¥ GlueX (2019)
T | | IIIIII102
Wop (GeV)
Multi-quark states Kinematic effect (CUSP)

s ’ ']/Li
/ 7 1
1 J/ x J/ ~ |
'Y p s DW(A) ¢

For W ~ 10-20 GeV

* Photoproduction o(yp—> J/Pp) ~ O(10 nb)
o(yp—=2 cc p) ~ O(500 nb)

For an integrated luminosity of 50 fb?,
number of J/ ~ O(107-108), many more open-
charm hadron

103_

o J-007@Hall C
& GlueX 2019

*  GlueX 2023

e J/y-007(@Hall C (dipole)
4 GlueX 2019 (dipole)

*  GlueX_2023 (dipole)

¢ SLAC(1975)

| M1 e
g

o [nb/GeV?]
-
<

=
o
—

do/dt]|

> Fermilab(1982)

+  EMC(1980)
L GeV s HERA(2002)
42 43 4.4 45 4.6 4.7 EicC

10T 102
W [GeV]

(-
o
~_——
-"""--.. o
-~
-~
-
=
=]
=

=
o
M
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Exotic hadrons

Exotic Production/decay Detection Expected 3 1400— Uppeé Bout of ig: cross section
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[1] C. Adolph, et. Al., COMPASS, Phys. Lett. B 742, 330 (2015) 35
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