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Spin in high energy experiments
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20th Century could be called “Century of
Spin Surprises!”

“Experiments with spin have killed more theories
In physics, than any other single physical variable”

“If theorists had their way, they would ban all
experiments involving spin”

James D. Bjorken
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MILESTONES TIMELINE

Spin Milestones ¢ e

1922 Stern-Gerlach experiment (2)

1925 The spinning electron (3)

nature thSiCS Viewalljournals ~(QQ Search  Login 1928 Dirac equation (4)
i 5|

Explore content v About the journal v Publish with us v Signup foralerts £} RSS feed Quantum magnetism (5)

1932 Isospin (6)
nature > nature physics > milestone

1940 Spin-statistics connection (7)
Milestone 28 February 2008

o . o 1946 Nuclear magnetic resonance (8)

Nature Milestones in Spin

1950s Development of magnetic devices (9)

The Milestones are a series of specially written articles, highlighting the most

influential discoveries in the field of 'spin’ since 1896. Nature Milestones in 1950-1951  NMR for chemical analysis (10)

Spin also includes a Collection of relevant articles and an online-only Library 1951 Einstein-Podolsky-Rosen argument in spin variables (11)
of papers and reviews from Nature Publishing Group.
1964 Kondo effect (12)
1971 Supersymmetry (13)
Milestones 1972 Superfluid helium-3 (14)
1973 Magnetic resonance imaging (15)
Milestones Physicsis set spinning
28 Feb 2008 1975—-1976  NMR for protein structure determination (16)
Nature Physics
. 1978 Dilute magnetic semiconductors (17)
Andreas Trabesinger
) 1988 Giant magnetoresistance (18)
Milestones Answersona postcard
28 Feb 2008 1990 Functional MRI (19)

Nature Physics

Proposal for spin field-effect transistor (20)
Ed Gerstner

1991 Magnetic resonance force microscopy (21)

Milestones The spinning electron

28 Feb 2008 1996 Mesoscopic tunnelling of magnetization (22)

Nature Physics ~
1997 Semiconductor spintronics (23)

Alison Wright



A brief history of spin

As an English word, it existed before the 12th century
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A brief history of spin (electron)

As a fundamental observable of (sub)-atomic physics it was "discovered”
by Goudsmit & Uhlenbeck (1925)

Authur Compton (1921), E. H. Kennard (1922)

R. Kronig (1925), Nature 117, 550 (1926)

Pauli: "This is surely a clever idea, but the nature is not like that."
S. Goodsmit and G. Uhlenback, Naturwissenscaten, 12, 953 (1925),
Nature 117, 264 (1926).

Jde = 2 (Heisenberg) Einstein, "surely there must be relativistic effect."
L. H. Thomas, Nature 117, 515 (1926).

The discovery of the electron spin ——by Goudsmit
https://www.lorentz.leidenuniv.nl/history/spin/goudsmit.html



A brief history of spin (electron)

“Well, this is a good idea. Your idea may be wrong, but
since both of you are so young without any reputation, you
would not loose anything by making a stupid mistake.”

-- Ehrenfest upon receiving Goudsmit & Uhlenbeck




A brief history of spin (proton)

details, see

The story of the proton spin begins in 1927 v e
THE STORY

Hund: rotational part of specific heat of H, molecule (theoretical) '

Hori: band spectrum of H, (experimental) .
OF SPIN

Translated by Takeshi Oka

spectroscopy and statistics do not agree

Dennison: resolves discrepancy between their results and concludes
(June 16th, 1927)

“precisely that the proton is a fermion of spin 1/2" EA R —ER




Proton has structure

1933 O. Stern: Magnetic moment of the proton
- expected: u, = eh/2m,c (since S, =1/2)

- measured: u, = eh/2m,c(1 + k,)! first spin crisis

anomalous magnetic moment (a.m.m) k, = 1.5 + 10%

1958 R. Hofstadter: Elastic Electron Scattering Robert Hofstadter,

Nobel Prize 1961

- Significant divergency from Mott cross section
- Charged radius: (0.74+0.24)x10%3 cm

proton has internal structure



Confirmed by Deep Inelastic Scattering
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Point particles cannot be further resolved;

their measurement does not depend on wavelength, hence Q2
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Precise unpolarized picture

From unpolarized fixed target and collider DIS experiments

HERA . .
Q2 =10 GeV2 valence dominates gluon + sea quarks gluon dominates

o~ = \ 1 \
! ] )
1 'r'
(] \
1 \
1 '.'
—— HERAPDF1.0 T
-2 [l ecerimental uncertainty :
{
"
)

|:] model uncertainty
|:] parametrization uncertainty §

R.G. Milner and R. Ent, Visualizing the proton 2022

NPT BT BT B TR
104 102 102 107 1
X

Probability of finding a quark or gluon inside the proton
carrying a fraction x of the total momentum of the proton But, how do they constitute

* Find more gluons than anything else the nucleon Sp,‘n?
* Gluons carry half the momentum of the proton



The proton in quark model

- The 2 up quarks and 1 down quark together
explain the proton quantum numbers: charge,
parity, spin,

- Relativistic quark model

- Quarks are no longer restricted to s-wave states

- Quark spin accounts for ~60% of the proton spin

- Rest of proton spin comes from quark orbital

angular momentum

<S,>=



Probe proton spin with polarized DIS

Measure deep-inelastic scattering with polarized electrons or muons oft
polarized protons

Difference in cross section for like vs. unlike helicity beams provides
iInformation about spin orientations of the quarks inside the polarized proton

= =><=

eorﬂ.ﬁ h‘p

NTL — NTT

Avep X 3T NTT
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Experimental needs in pDIS

Polarized target, polarized beam
Polarized targets: hydrogen (p), deuteron (pn), helium (3He: 2p+n)
Polarized beams: electron, muon used in DIS experiments

Determine the kinematics: measure with high accuracy:
Energy of incoming lepton

Energy, direction of scattered lepton: energy, direction
Good identification of scattered lepton

Control of false asymmetries:
Need excellent understanding and control of false asymmetries (time

variation of the detector efficiency etc.)



Proton crisis!

EMC, PLB 206, 364 1988

0.98 - _JAFFE sum rule

o xg (x
x [gp (xidx
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t

0.09

1
g

J

0.06

European Muon Collaboration at CERN 0.03

160 GeV muon beam 0

First measurement over a broad kinematic region was performed by
the European Muon Collaboration in the mid-'80s

Found that quarks contribute only (14 £ 9 + 21)% of the proton spin
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Proton spin structure

>
Jaffe-Manohar 1990
L.l Sp>=-=-AZ+ AG +Lg + L,
< Sp > = E = EAZ <OSp >= o=
quark spin quark spin  gluon spin  orbital angular

momentum
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Many subsequent measurements
Results are well described by “global analyses” that find best-fit polarized PDF

Polarization of u + % and d + d quarks well determined
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— Individual u, 1, d, d polarizations have much larger uncertainty
Only ~30% of the proton spin arises from quarks and antiquarks
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What about gluons?

F, -log,,(x)

HERA F,

I x=0.000161
- & ~=0.000253
L / " x=0.0004
> xw(,0005
= ' /
>
L.
-

[¥)

E== ZEUS NLO QCD fit
—— HI1 PDF 2000 fit

e HI1 94-00

& HI1 (prel.) 99/00
= ZEUS 96/97

s BCDMS

Q*(GeV?)

Kinematic region of Polarized

DIS measurements

0.4 _—
- QP =2.5GeV* xAG

03

——AG>0

——————— AG<0
02 ----- change sign xAG
0.1} N
0-0 ________________ -“—..___ ,‘, L

001 B

Three fits of equal quality:
- AG=0.13+0.16
— AG ~ 0.006
— AG=-0.20+0.41

all at Q2 =1 GeV?2
Leader et al, PRD 75, 074027
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Limitations of fixed target DIS experiments

Does not allow exploration of low-x region
Extraction of gluon polarization needed large Q2 arm, and fixed

target experiments did not allow that either....
Ideally we needed a polarized e-p collider!

In 1990’s ideas to achieve high energy polarized proton beams evolved...
Siberian Snake Magnets

High energy polarized proton beam polarimetry was developed as a future
need ...

Polarized HERA was proposed, but failed! EIC/EicC in the future.

20



Motivation of RHIC spin

If gluons really carry the bulk of nucleon’s spin, why not use polarized
proton? (known by then to be predominantly made of gluons!)

Why A2 (quark + anti-quark’s spin) small? Are quark and antiquark spins
anti-aligned? Polarized p+p at high energy, through W+/- production could

address this

A severe need for investigations of the surprising transverse spin effects
was naturally possible and needed with the proposed polarized p+p
collider...

21



Polarized RHIC

Absolute Polarimeter fH jet)\‘ RHIC pC Polarimeters
o BRAHMS & PP2PP (3)
PHOBOS
. v 3
Acce/erate_ polelzr/ze.d €)§)” «— Siberian Snakes Manioul in di :
protons with Siberian Siberian Snakes anipulate spin direction
Snakes <\ PHENIX (5 &@¢  with spin rotator
& »
\ D STAR (p) s
v ? - a
Spin Rotators < Spin flioper
(longitudinal polarization) 'N\ _ P PP
P ial Siberian S Spin Rotators
Pol. H™ Source olenoid Partial Siberian Snake (longitudinal polarization)
W LINAC o &
. BOOSTER N
» «— Helical Partial Siberian Snake
> )
200 MeV Polarimeter -~ / «—AGS Internal Polarimeter
Dl
Rf Dipole ¥~ AGS pC Polarimeters 106 : :
. . ns bunch crossing with
High current polarized Strong AGS Snake 9

proton source pre-determined spin directions
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RHIC spin data accumulation

Integrated polarized proton luminosity L [pb-]
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—— 250/255 GeV

=== 100 GeV

2012 P=52%

2015 P=55%

-
Fad
-
- - -
= - - -
- - =

2022 P=50%
(Lpeak limited
by STAR)

2009 P=34%

2012 P=59%
2011 P=48% 2006 P=55%

2009 P= 56%/2005 P=47%
====="" 1003 P=34%

2017 P=53%
(Lpeak limited
by STAR)

2013 P=53%

6 8 10 12 14
Time [weeks in physics]

16

18

20

Year Vs (GeV) L (pb') <P> (%)
2006 S0 o3 s
o Z B
Long 5011 500 12 48
2012 510 82 56
2013 510 256 56
2015 200 50 60
2006 S0 s s
2008 200 7.8 45
2011 500 25 55
Trans 545 200 20 60
2015 200 50 60
2017 510 356 55
2022 510 800 50
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Probe gluon polarization at RHIC

o L (Sséssﬂ@’ oo, P %%%
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Yes, gluon spin does contribute!

STAR, PRL115 (2015) 092002 DSSV, PRL113 (2014) 012001 NNPDF, NPB887 (2014) 276
= FERELE RERRY RAELE LIRS REELE N 08 L L L] R R R L UL B LR R
zz;i— STs.'.Rp 2_?32t+x ::/.; : [ % E)E\XLFL,T-OHE N 0.6 XAg(X,Q2=10 Gevz)
005/  (s=200 GeV ~ x5 I ‘-,.j'-,*-g)%sc\fmgm; _
STS [ . DSSV il
05 -
0:_ .................................... i
[ G e -0.8{~ [ NNPDFpol1.1
05- b i [ 2
OSIQz:l?Gevzllll -1*—52?3\//?32;“& e , 7
02 01 0 01, (1‘2 0.3 e e i :
[ dx Ag(x) X
sy * First evidence of non-zero contributions
-0.01 from polarization not shown .
Rl Rt B from gluon spin at Q?~10 GeV?
Parton Jet P, (GeV/c)
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A big wave of data
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Flavor separation with W boson

Unique way to study proton spin-flavor structure:

- W boson selects quarks/antiquarks with specific helicity.

- W bosons are measured via leptonic decay.

7 Parity violating
single-spin asymmetry:
ot — o0~
3 AL =

V ot + o0~
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Impact of W results

Al

p+po>W + X 5>et+ X

25 <E7 <50 GeV

\s =510 GeV

Rel lumi
syst

¢ & STAR2011-2013

------------ BS15 CHE NLO
e DESV14 CHE NLO
" -~ DSSV14 RHICBOS
----------- NNPDFpol1.1 CHE NLO
<e#2+=% NNPDFpol1.1rw CHE NLO
3.3% beam pol scale uncertainty not shown
| L ! L L | N L L L |

- Now we know: Azl > 0and Ad < 0

= 0 1
T’e

STAR, PRD99, 051102 (2019)

0.08

0.06

||I[IIIIII

0.04

-
0.02}

Sea Asymmetry
X(AU - Ad)

0 :N"\“mv:nx._
002 & =10 (GeV/c)
[ NNPDFpol1.1
0,04 %% NNPDFpoll.1rw
107 107" 1

- The flavor asymmetry Aii — Ad similar size but opposite sign to the unpolarized case.
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Another longstanding spin puzzle

LEFT‘ 100GeV Transverse single spin asymmetry:
' s Oproton
1OOGeV’ 212 O'T_O'\l’
- N Ay =
Proton RlGHT O-T_I_O-\L

Transverse spin effect expected to be small at high energies...

--- but FNAL came with a big surprise: it is very large!
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Remains mystery after 40+ years

RHIC Cold QCD plan, arXiv: 1602.03922
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Large asymmetry over a very wide range (Vs: 4.9 GeV to 500 GeV)



Possible origins

Sivers effect Collins effect
§P

qqqqq

transversity Piet
O -
Due to transverse motion of quarks Asymmetry in the fragmentation
in the nucleon: initial state effect hadrons: final state effect

(for more professional description, see Tianbo’s talk) .



Example results RHIC transverse program

STAR, PRD 103 (2021) 9, 092009

arXiv: 2305.10359

0.25
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RHIC spin is concluding

For RHIC spin operation: this year is the last year!

RHIC is making significant contributions to three poorly constrained
pieces of the spin puzzle

— Gluon polarization AG >0
— Flavor-separated quark and anti-quark polarizations Al > Ad

— Transverse program in progress: existing data being published/analyzed
and more data from last spin run in 2024

Next generation: polarized Electron-ion Collider
(also see Tianbo’s Talk)
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What’s the size of nucleus?

- Proton distribution:
- Owing to the electric charge, this has been accurately measured for many atomic nuclei
- Neutron distribution: poorly known

- Primarily from hadron experiments (pN, HIC, Rare Isotope, electric dipole polarizability,
etc), model dependent

- Parity-violating electron scattering: via the weak charge

Charge type = Proton = Neutron
Electric 1 0
Weak ~0.07 -1

Weak interaction sees neutrons
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Parity Violating Electron Scattering

right handed
Flip spin of electrons and look {C} -
for difference in scattering €
rate
@Ieft handed
Op — O
Apy = R L
OR + o1
o _OR=O > OE oMMl GrQw @) ooay 2
PV OR + 0y, | >%ZN ’ |My| 47'[6(\/?2 Fch(Qz)

Clean and theoretically easy interpretation, but very challenging!
35



Continuous Electron Beam Accelerator Facility at JLab

Excellent electron beam for PVES New Hall

= Upto 180 uA Upgrade arc
- Polarization ~90% Add 5 magnets
- Up to 1kHz helicity flip cryomodules and supplies

20 cryomodules

Enhanced capabilities
In existing Halls
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Choice of Nuclei Target

S PREX
Stable and Least theoretical uncertainties Pb:
= Doubly-magic; | - in realm of uniform nuclear matter
= Neutron excess; & Density Functional Theory

- First excited state far from elastic _
- serves as terrestrial laboratory to

test neutron star structure
Nuclear Landscape

8Ca- CREX

- ab initio calculations of neutron
skin for 48Ca available.

G. Hagen et al., Nature Phy. 12, 186(2016).

- bridge between “ab initio” models
and effective theory (DFT)

stable nuclei

known nucler

&
¢

82 r
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PREX and CREX results

PREX, PRL126, 172502 (2021) CREX PRL129 042501(2022)
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- PREX-2 : Pb-208 thick neutron skin 0.283 (0.071) fm
- Prefer to a larger L and larger neutron star
- CREX: Ca-48 thin neutron skin 0.121 (0.035)fm
- Model independent extraction for weak form factors

- Provided tests of DFTs and microscopic calculations and thus provide valuable
new insight into nuclear structure



Closing remarks by Goudsmit in his 1971 lecture

“you need not be a genius to make an important
contribution to physics because, | do admit, the electron
spin is an important contribution.”

“...Therefore | do believe that one should not always
aspire to tackle what is most important, but try to have fun

working in physics and obtain results.”

SEIR
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Thank you for your attention!



Backup slides



With  Ag— / Aq(x)dz

1 ) 1
g1(x) = SEfe?{q;r(Jr) —q;(2)} = §Zfef}A(1f(Jr)

1[4 1,, 1,
Fll — 5 [5.&11 -+ GA(I + 6AS] 0.18 I:“ELLIS—JAFFE sum rule o xg" (x) 010
o5 L x /g:‘ (x)dx
=15 (Au — Ad) + ;—(Au + Ad —2As) + ()(Au + Ad + AJS) g OM2F
6 ! A =
\_a;:a: XB ro :\i 0.09
0.06
Neutron decay (3F-D)/3 Az 0.03
Hyperon Decay
0
o1 1 1 | "
F]),Il = :t(l-'; —+ —=Aag -+ —ag X
! 27 V3 9
_ 94 _ _
a3 =— =F 4+ D =1.2601 & 0.0025
gv

ag =3F — D = F/D = 0.575+ 0.016
Assuming SU(3); & As = 0, Ellis & Jaffe: P117 = 0.170 & 0.004
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proton-proton collision in perturbative QCD

LL

<

p Jet
a, x,P Ja

0.75 |
0.5 |

0.25 |

Jet -0.255— A gg-gg D qg-qq

b, x, P B -> -qaq

. J pQCD hard scatter L @ qq' qq' 6 86>49

i A osf Caqd-aqd  qy-ge

( \ ! qq-q9q qq->gy
2 2\ A -0.75 | qg-qg qq-4q'q'

o = E: X X o) ; E .
\ﬁ'( @) o b’QJ) atb-c+d 4 and b can be B 98-9qY qq 11
1
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tetribh : or a combination 0.8 -04 0 04 08
Parton distribution functions
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Unpol. Cross Section in pp

PHENIX, PRD76, 051106

STAR, PRL 97, 252001
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Excellent agreement between NLO pQCD calculations and data
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Inclusive-jet/di-jet/hadrons/direct-photon A/ Results

STAR, PRD 105, 092011 (2022) STAR, PRD 103 (2021) L091103 STAR di-jet preliminary results
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Longitudinal data taking concluded at RHIC, PHENIX and STAR released the full statistics results.



Lepton scattering: an ideal tool |
T. B. Liu, SPIN2023

19801 1990 2000; 2010 2020| Electron-lon Collider =

< SLAC || Electron-fixed target | Bjorken scaling (unpol.)
FNAL E665 | Muon-fixed target |

CERN BCDMS  |[_ Muon-fied target |

CERNEMC || NMC |[ vuonfedwoer | “Spin crisis” (pol.)
| Neutrino-fixed target |

_ -[ Neutrino-fixed target | “HER_A IjegaC'Y” (unPO]..)
HERA H1 & ZEUS | [Unpol. tiectron-proton colision |
SLAC Polarized targets || Pol. Flectron-fixed target |
CERN SMC | COMPASS || Pol. Muon-fixed target |
HERA HERMES | [_Pol. tlection-fred target__| 3=D)| structure
) JLAB 6GeV and 12 GeV S| | Pol. Electron-fixed target |
Flgure from X' Y Zhao [ Pol. Proton-protoen collision I
Modern “Rutherford Scattering” Experiment Need polarized electron-ion collider
- Start from unpolarized fixed targets » High luminosity: 100~1000 x HERA lumi.
- Extended unpolarized collider experiments - High polarization: both electron and ion beams
- and polarized fixed-target experiments - Large acceptance: nearly full detector coverage
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Questions expecting EIC to answer

Does gluon saturate at high energy?
How does a dense nuclear environment affect

gluon = gluon . )
emission recombmat.on é@ the quarks and gluons, their correlations, and
m@ﬁ their interactions?

-

- Quark Quark
Energy Mass
33% 11%

How do the nucleon properties (mass & spin) emerge

Proton

- oo
from their interactions 6o Lo L o
Anomaly | ner

(f‘_g"? RO o 22% Y 34%gy

How are the sea quarks and gluons, and their spins,
distributed in space and momentum inside the nucleon?
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Proposed Electron-ion colliders (incomplete list
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Proposed Electron-ion colliders (incomplete list)
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US-EIC Status

Approved in Dec 2019 (CDO0)

 US EIC is based on the RHIC complex: proton/ion ring, injectors, ion sources, infrastructure
« Add a 51018 GeV electron storage ring and its injector complex to the RHIC facility

FYI9  FY20 FY2l FY22  FY23 FY24 FY25 FY2

e

CD-3A CD-213
]an‘ 2024 Apr 2025

Critical v
Decisions CD-0(A)
De‘:c 2019

CD-1(A)

Jun ZOZI‘

6

FY27  FY28

*CD-4A CD-4

Approve start  Approve pfoj.
of operations  completion
Apr 2?32 Apr 2034

FY29  FY30  FY3I FY32 FY33 FY34

Accelerator
Research & Systems

Early CD-4A Early CD-4
Completion  Completion
Apr203]  Apr2032

Development
Detector
Infrastructure
Accelerator
Systems
Detector ]
\ !
‘ | |
Infrasttucture | Conventional Construction L V7, )
I I I I T
Construction \_‘_‘77;77L i
X Accglerator Procurement, Fabrication, Installation & Test Full RF Power Buildout
& Installation Systems ‘ : : : ’ V777777 ]
Detector Procurement, Fabrication, Installation & Test | ’ v, )
: i E—
Accelerator . [/ // /A Full RF Power Buildout
Pre-O
Commissioning Systems Commlssmnmg[& e s[ | /7 )
& Pre-Ops Commissioning V A
Detector & Pre-Ops
‘ [ I [ I
Data Level O Critical 7 Schedule
Key (A) Actual - Completed I:' Planned Date Milestones Path ,A Contingency

C. Montag, SPIN2023
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General concept of an EIC detector

p/A beam electron beam — [tan(g)], crab_pF
h|gh Q2 1.0 Central Detector g § i
« 5 £, € € wu e
. crab_elﬁ o Forward ES E 2 5 3%
051 o s v Spectrometer g9 S
4 & o
8 F =
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Z0¢
%
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Detector @ 2254
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z(m)
Central detector Forward and backward detector

- Hermetic detector, low mass inner tracking, good PID (e and 1/K/p) in wide range, calorimetry
- Moderate radiation hardness requirements, low pile-up, low multiplicity.
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US-EIC first detector: ePIC
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ePIC: mature design and innovative technologies; Technical Design Report (TDR) is coming.

The 2nd detector at IP8 is also being discussed and pushed forward. -



EIC participation status from China-mainland

Materials from Q. H. Xu

e Express of Interest (Oct 2020)
v 8 institutions submitted EOI to EIC, with main detector interests on calorimetry and tracking

e Yellow Report (2020~2021)

v Authors from 14 Chinese institutions involved in YR writing including both theorists and
experimentalist, Bowen Xiao served as co-convener of semi-inclusive WG

e EIC detector proposals (2021)

v 8 institutions joined ATHENA proposal, Qinghua Xu served as co-convener of inclusive WG, with
detector interest on EMCal etc.

v 6 institutions joined ECCE proposal, Wangmei Zha served as co-convener of jets and heavy flavor
WG, with detector interest on silicon tracker, MPGD etc.

® ePIC collaboration (March 2022) (24 countries, 171 institutions)

v" 6 universities from China-mainland are members of ePIC
v Subsystems of interest: Forward Emcal (fECal) : W powder/ScFi




FicC Status R ERR AL T AR

' Polarized electron ion collider in China

EicC

( e-in'|ector )

Electron Ion Collider in China

ADS-Linac

[Figure by EicC Accelerator WG]
High Intensity heavy-ion Accelerator Facility in Huizhou, Guangdong province
- a national facility on nuclear physics, atomic physics, heavy-ion applications ...
- beam commissioning is planned in 2025

EicC is based on HIAF

- electron: 3.5 GeV, polarization ~ 80%
- ion: D d, 3H6++’ 7Li3+’ 12C6+, 4OC320+’ 197Au79+, 208Pb82+’ 238U92+ ”
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FicC Status

| Polarized electron ion collider in China

EicC white paper

Volume I: Accelerator

ISSN 2095-0462
Volume 16 - Number 6
December

Frontiers of

Contents

The Interaction Region

1.8 Overview Summary . .

5 Electron Cooling
in China 5.1
(EiccC)

@ Springer

Polarized Electron lon Collider Introduction . . .

[ >
% Higher Education Press

Published in 2021
(Chinese version in 2020)

52 Medium Energy Electron Cooler . . .. ... .. ..
5.3 ERL Based High Energy Electron Cooler
5.4 Novel cooling scheme development

Design . .

EicC Conceptual Design Report (CDR)

Volume II: Physics and Detectors

Contents

1

N

EicC Physics

1 Overview of EicC 1.1 One-dimensional spin structure of nucleons . . . . . . ... ... . ... ...
1.1 The Science Goals and the Requirements for EicC . .. .. . . 1.2 Three-dimensional tomography of nucleons . . . .. ............
1.2 EicC Design Concept . . . . . . . .. .. . ... .. ... ... 121 TMDs
1.3 Beam Parameters and Luminosity 122 GPDs
1.4 Ton Accelerator Complex Design 1.3 Nucleon mass
1.5 Electron Accelerator Complex Design 1.4 Partonic structure of nucleus
1.6 Staged Electron Cooling for Ions . . . 1.5 Exotic hadronic states
17 1.6 Structure of light pseudoscalarmesons . . . . .. ... ... ...........

Physics requirements and detector concept

. . 2.1 Physics requitements . . . . . . . . .. ... ... ..............
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3 Ton Accelerator Complex 32 Time projection chamber . .
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3.2 Formation of EicC lon Beams . . . 331 Allsilicon tracker layout
3.3 Polarized lon Source . . . . . ... 332 Detector simulation and reconstruction
34 ilinac . ... ...... 333 Tracking and vertexing performance . . . . . .
35 Booster Ring .. ... ....................... LYoo A N
36 PRING . . .. i
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P e T g 422 DIRC-based TOF . ..o
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:'i gﬁfg"“ Ijoctar  icsivevs 432 Module RICH . . . . ... ........................
45 Synchrotron Radiation and Beam Parameters 5 Calorimetry
4.6 Polarization and Polarimetry . . .. ... .............. ... ..., 51 Design considarabion 4 s S o n s SAr B ARED T, L ST
52 Shashlik-type EMCal . . .

Module design and simulation

Energy and spatial resolution .
Detector layout .
5.3 Crystall EMCal . . .
54 HCal

521
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First draft by the end of 2023
Final version expected by the end of 2024

The 6" CDR workshop in Huizhou after QPT



Complementarity of US-EIC and EicC

~~ 3_
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Fraction of Momentum x

oluon dominates  gluon + sea quarks

R.G. Milner and R. Ent, Visualizing the proton 2022

valence dominates

Common physics goal:

nucleon 1D, 3D spin structure
Nucleon mass origin

Nuclear environment effect

Complementary QCD phase space:

US-EIC: small-x gluon dominated region;
saturation behavior; etc.

EicC: moderate x sea quark region; exotic
hadron states, especially those with heavy

flavor quark contents; etc



