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EMC at CERN - J. Ashman et al., NPB 328, 1 (1989)
AY =Au+Ad+As=1219(stat) £ 14(syst)%

A crisis in the parton model:
where, oh where is the proton’s spin?

E. Leader' and M. Anselmino?

Birkbeck College, University of London, London, UK
Dipartimento di Fisica Teorica, Universitd di Torino, [-10125 Torino, Italy
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EIC: Initial state is polarized A polarization: Final state is polarized
-How do partons form up a polarized nucleon? -How do partons form up a polarized A / p?

" Final state
Initial state /
Polarized by device A serves as its own spin analyzer through the decay A® — p + ™

origin of nucleon spin VS origin of A or p polarization
VIR L X EEE




cross-section [ub]

—h
-
w

—h
o
N

I IIIIIII
L))
b—:‘~‘
s 3] ‘l
'
<
—<— =
S
<
=
:
.
'
—
{

BSRERX.

pp — A + X: comparison to world data

¢ ppoA+Xselectedworlddata 0 COSY pp—pKA

T HADES pp—A+X VY LBppopKA o= ¥

4 pponsXmodel e ﬂ
© f HADESppopKA - ie o AX fit

- P pp— pKA fit € <0.435 GeV

- :."" _____ pp— pKA fit €>0.435 GeV
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polarization through
hadronization

pp(A) - A+ X

Zuo-tang Liang, and C. Boros, Phys. Rev. Lett. 79, 3608 (1997); PRD 61, 117503 (2000).
H. Dong and Zuo-tang Liang, PRD 70, 014019 (2004); PRD 72, 033006 (2005).

A polarization in
exclusive processes

pp—->p+K+ A

R. Machleidt, K. Holinde and C. Elster, Phys. Rept. 149, 1 (1987).
B. C. Liu, B. S. Zou, PRL 96, 042002 (2006).

AA - NAN+X

Zuo-Tang Liang, Xin-Nian Wang, PRL 94,102301 (2005); PLB 629, 20 (2005).
Jian-Hua Gao, Shou-Wan Chen, Wei-tian Deng, Zuo-Tang Liang, Qun Wang, Xin-Nian
Wang, PRC 77, 044902 (2008). 7
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Pt, (GeV/c)

HIAFBF = A% ]

Kinetic Energy of proton beam: 19Ge

80
70
60
- =50
40
30
20
10

Kinetic Energy of proton beam: 3GeV

Kinetic Energy of proton beam: 9GeV 45

Pt,(GeV/c)
Pt (GeV/c)

(Lo
0 0.2 0.4 0.6 0.8 1

3 GeV = 92GeV = 20 GeV

Allow for a multi-dimensional mapping of the A° polarization and production

1. Beam energy scan
2. p~>p,p A, A > Adata taking
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Hyperon-Nucleon Spectrometer (H-NS)

Mag. Field: 1.5 Tesla
Tracker: MIC6, 30X30 1 m?2, 0.8%X/X, Baryon Polarimeter Pixel tracker Calorimeter
LGAD: 0,~30ps, 300X300 [ m?
Calorimeter: 0 ~3% @ 1GeV

Polarimeter: nucleon and photon polarization /

High Energy
Nuclear Physics
Terminal |
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H-NS E RN SR RSt

MIC6 V31X # 4

Nucleon Polarimeter

Pixel tracker

Calorimeter

Target
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RUSE ]

> MIC6 MAPSIE &5 4 : K
MEAEITZLF R L% &
« BER: 30 um
« Yz 0.8% X/X,
o« FHEE: 5-10 pus

- 3

AC-LGAD TOF

BRIFEAE + PAK + WA+ B
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H-NS BRI FEFI RS

Mucleon Polarimeter

Pixel tracker

Calorimeter

Target

i Trigger DUT :

(a)

» AC-LGAD
- ZMFA

« BFA] 4 PFE: ~30 ps
AC-LGAD TOF

o FIA 5 PFE. ~100um

A+ LA KE + RS + A

W5 100150

After calibration

gy = 25ps

Carmlad

Hgrma

0000647 & O 0MH0aE

BRS04 00002

(c)
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H-NS

Mucleon Polarimeter

Pixel tracker

Calorimeter

AC-LGAD TOF

ERERARS

FRERAGLRZAME:
1. TRFHEETY,n® F, REDEHFL
2. BMREEARBRED F&, LIFEARKR

[ e
e e | > PbWO4 itk thin ik,
—“ -"-_i-i_l-.:: . = ﬁa%%ﬁ%ﬁaﬁ

. feep#E: 3%/VE

o FE 5P ~3mm

O @

]

W sPM |

| BRsPM |
WA FE K A Fe BRI & A &S TUAT

HERFE + L2 XF + LM 14
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B MU E R R
f do 1 dog
—_— 1+ P,An(0) cos ¢
dpdcost 2w dcosf | +&) c0s ¢)
Transversely Carbon foil e asos
polarized protons o e
. - by
s o 3 £
B
] L R T

More protons to the left:
Left-right asymmetry

A

> WRECE
~1 mm thickness
« YIRE: <1% XIX,
+ RRZJLE: pC (1E-3)
> VB ZEEHONER 8
Y. T. Liang et. al. Phys. Rev. D 112

, L031502 (2025)
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0 0.5 1
cosep in A frame

arXiv: 2607.19927

-> expected
P,Ay=0.22%0.01

-> measured
P,Ay =0.243£0.059
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H-NS barrel

Events
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pp 2 p/A +X

MANENFITHRE

H-NS

Reaction: p+p
Event rate:1MHz

Time: 3 months

* pp >A+X N~101
* pp ?ptX N~108

* pp 2 pKA N~ 100

O ot < 0.01 for A 400 bins

O gat. < 0.02 for p 400 bins

| Uncertainty of A polarization |
2

-
=

t

p./ [0.1GeV/c]

—

0 0.2 04 06 038 1
X / 0.05

\ Uncertainty of proton polarization |
2

10"

p./ [0.1GeV/c]

t

—

1072

0 02 04 06 08 1
Xe / 0.05
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AutAu-> A +X beam kinetic energy of 2.8 GeV/u

w.r.t. Event Plane

. x10° ;
< LI T EI) PN NN TI AL N, I EENL FON L A I L :.__G rr [ T T
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< A =1701756 £ 1304 | ) 2l T e
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s & 107
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D | 1 1 j_ |"r O {‘I\ | 1 I 1 1 1 | 1 1 L 1 1 1 I I 1 ] 1 ] I 1 | 1 | I 1 1 1 [l 1D—
1.08 5 5 1.12 1.14 1.16 1.18 —1 —0.5 0 0.5 1
M(p.) (GeV/c?) Yorns

2D uncertainty of A polarization using 10! Au+Au events,
few weeks data taking 21
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General Partial Wave Analysis of the
Decay of a Hyperon of Spin 3

T. D. LEe* anp C. N. Yanc

Institule for Advanced Study, Princelon, New Jersey

(Received October 22, 1957)

The amplitude of spin %2 baryon B; decay to a spin 2 baryon B ¢ and 11:
A~Soyg+ Po-n
The decay parameters are defined as:

__Re(s"-P) o Am(S*-P)

ISP PP S + P’

51 - |P?
1= [SET PP i +yi=1

dw(9) = 4-1”-(1 taP, -§)dQ

o @t T BPAXE) +y (@X [PyXd))
B 1+aP, §

9N

/ apSINE Op
P, in Arest frame

p,in lab

p,in Arest frame

T. D. Lee, C. N. Yang Phys. Rev. 108,1645 (1957) 22
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» Potential at H-NS

H-NS detector

e 4
Tly _/—"'_’_’__—»
p beam: 3-9.3 GeV A 7 gae==E
0 --- »> "N
rlea:::_\ target
= target ~~~~~ o — .
p+tp > A+X . p+tp > A+X
g 0.8_
Polarized proton experiment: polarization transfer from beam? g
s 06
 Average transverse polarization of proton, pol = 0.57 ¢ |
® 0.4
» Polarized proton beam intensity: 1 KHz G |
S 02
* Calibrate the pC analyzing power " o o
-1 -0.5 0 0.5 1

Yutie Liang, et. al., Phys. Rev. D 112, L.031502

coso*
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H-NS#;

» Potential at H-NS

p beam: 3-9.3 GeV

HEF- = FHEHEE

H-NS detector

I max = 5*1012 ppp
[ =108 ppp, 1% target
Event rate : 1 MHz

Event rate : 1 MHz
A N interaction (0.1% target): 1 Hz

N ~ 107 signals in 3 months; N_obs ~ 10¢ (assuming efficiency of 10%)

—> A beam from pK A : 1 KHz

Statistics can be improved by implementing a hyperon trigger

SECEE 4B8Rg 3

24
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Fig. 1 Light and strange baryon spectrum from the PDG [1] up to J¥ = 11/2%. The columns correspond to different J % and
the colors to isospin and hypercharge. The different font weights represent four-, three- and two-star resonances

https://doi.org/10.1007/s00601-022-01756-y
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QCD Ciritical Point

PRL 135, 142301 (2025)
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= i | T T 0520 B
3 ~1 : Reference:
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Equation of State
Universe 7, 182 (2021)

Global Spin Alignment

0.45

0.4

0.25

Nature 614, 244-248 (2023)
| —r

TR (AusAu & 20% - 60%)

| 1:! (lyl <1.0& 1.2 <p_<5.4 GeVic)
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I 10 107 10°
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H-NS @ HIAF
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Timeline

l
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Detector < H-NS run

EicC
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H-NSO: DEMO BiF£ R A

detector + electronics + DAQ + control system
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Hyperon-Nucleon Spectrometer

Silicon tracker Calorimeter
Baryon polarimeter - |
e 1 B v

AC-LGAD TOF

Participating Institute: FTAAYIIEHARET. SEEMIRIAR
fr. BEXZFE. WARKXKZE. EEM=EMEXAZE. 8
ARZ. BERIX, £feXE. EElieXFE. bR
IERZE. EEPXXRZ(CRIN . PRIX. PEERTF
RETAZSRe. PLLKRZE. ERMNITEZEFr.

Subsystems: Silicon tracker, AC-LGAD, Target, Baryon
polarimeter, Calorimeter, Electronics, DAQ, Magnet,
Beamline, Mechanics + Engineering

I. Physics.
» \ production and polarization ( p+p)
€ Medium effect ( p+A)
€ Global polarization of A hyperon ( A+A)
» Hadron physics via p+p
II. Community .
» Supports both communities of hadron structure and
heavy-ion physics
» International participations are expected
III. Detector R&D
» Many parts are similar for CEPC, H-NS, EicC, and
STCEF. Save resources!

» H-NS: a detector R&D platform for EicC(%2 EicC)
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> NIESEHIA:
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Events / 0.04

Events / 0.2x rad
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arxXiv: 2607.19927

Events / 2Degree

Output PyAN
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Proton in A rest frame Proton in lab. frame

0.8

Op s > kel [
/ s [ 2 1500 -
a,SINE oA N " i
s in A rest f 4 . = 0.6 i
PpIn Arest frame p.in lab s i
p i
o 1000—
Q B L
.7 " 0.4 -
A S I
e 500
P, in lab Z 02 i
P, in Arest frame T T ok ahenls PP EPEPE IS P
-1 -0.5 0 0.5 1 0 0.2 0.4 0.6 0.8 1
coso* Transverse polarization

» Transverse polarization of proton from A decay: Pol, ~ 0.59
A unpolarized

 relativistic effect taken into account 16
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Entries / 0.3MeV/c2
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H-NS T ARG (- BESIIII3E

Beam pipe
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Precision measurement of proton polarization

o0 =2.16 mrad o=0 041 GeV
(2] (2]
s | = 1500
L%’ 1000 — — p Carbon :>: i — p Carbon
- — Gaus fit - — Gaus fit
| 1000 —
500 E
: 500?
B o 0T 04 02 0 %2 04
A¢ [rad] pye-py " [GeV]
Input: 0.250
i AN*poIt =0.252 £ 0.004
1500— .
I v Reconstruction effi: > 70%
i P L
1000 Lo » Low background contamination!
S0, » High precision measurement!
0 o NST in press, arXiv: 2512.02804
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An interesting question: Is proton polarized as well?
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pp/ee/ep > N+ X pp/ee/ep > p + X
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Various baryons at H-NS

Beam energy @ 9.3 GeV
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