
HIDDEN degrees of freedom in heavy-ion collisions

• Global Spin Polarization 
• Other polarizations in heavy-ion collisions
• Spin Interference Enabled Nuclear Tomography
• Connections among the polarizations? 
• Do gluons carry baryon number? 

What are the evidence against it? 
Propose three ways of testing 
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Zhangbu Xu (BNL)



60⼤寿⽣⽇快乐, 新年！🎂
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Although we do not overlap in terms of 
physics interests, we do share many 
other common interests. 

He is one of the facilitators for China-STAR TOF 
Project, on which I have worked in last 20 years.



Connection to Xin-Nian and this workshop

3

“Science, however, is never 
conducted as a popularity 
contest...” --- Michio Kaku

BUT citations ARE



The early days of Global Polarization 
(2005-2008)
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Two plenary and one parallel talks



The early days of Global Polarization (2005-2008)
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Observation of Global Hyperon Polarization (2017)

L Adamczyk et al. Nature 548, 62–65 (2017) doi:10.1038/nature23004

This is quite a significant achievement 

When I was invited to talk about GHP 
at this workshop, 
I am clearly not an expert on this and 
my only connection to this is that 
I was the spokesperson at that time. 



STAR

T. Niida, STAR Highlights in AUM2022

Global polarization
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STAR, PRC104.L061901 (2021) 
HADES, SQM2021

STAR overview, P. Tribedy, QM 2022, Krakow, Poland

Centrality [%]
20 25 30 35 40 45 50

 [%
]

ΛP

1−

0

1

2
ΛRu+Ru

Zr+Zr
Au+Au

 = 200 GeV NNs
Centrality
20-50%

STARPreliminary

1−

0

1

2

Average

Centrality [%]
20 25 30 35 40 45 50

 [%
]

ΛP

1−

0

1

2
ΛSTARPreliminary

Ru+Ru
Zr+Zr
Au+Au

 = 200 GeV NNs
Centrality
20-50%

1−

0

1

2

Average

9

Global lambda polarization Talk by Joey Adams (Thu T02-II)

Precision new FXT (3 GeV) and BES-II 
(19.6 GeV) results follow the global trend

No system dependence at fixed centrality or B-field driven splitting seen in 200 GeV collisions

Posters by Kosuke Okubo (Wed T02) & Xingrui Gou (Wed T02)
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• Still increasing trend down to √sNN = 3 GeV (FXT). Results from BES-II (3, 7.2, 19.6, 27, 54.4 GeV) 
follow the global trend. More results will come! 

• No colliding system size dependence nor splitting between Λ and anti-Λ in isobar collisions

STAR overview, P. Tribedy, QM 2022, Krakow, Poland
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Global lambda polarization Talk by Joey Adams (Thu T02-II)

Precision new FXT (3 GeV) and BES-II 
(19.6 GeV) results follow the global trend

No system dependence at fixed centrality or B-field driven splitting seen in 200 GeV collisions

Posters by Kosuke Okubo (Wed T02) & Xingrui Gou (Wed T02)
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Recent model studies
• Recent low-energy model studies 

don’t agree on the energy of 
P�� ��� or its magnitude below 

��� ≈ 10 GeV
• UrQMD: Y. Guo, et. al. Phys. Rev. C 104 4 L041902 

(2021) arXiv:2105.13481
• AMPT: X.G. Deng, et. al., Phys. Rev. C 101, 064908 

(2020), arXiv:2001.01371
• 3-Fluid: Y.B. Ivanov, Phys. Rev. C 103, L031903 (2021) 

arXiv:2012.07597

• P� measurements at low ��� 
will provide constraints on the set 
of assumptions valid at low 
collision energy

7 April 2022 5Joseph Adams ― Quark Matter 2022
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Vector Meson Global Spin Alignment (2022)

9

ALICE, arXiv:2204.10171STAR, arXiv:2204.02302



W I L L I S   E . L A M B, JR . 

Fine structure of the hydrogen atom 
Nobel Lecture, December 12, 1955 

When the Nobel Prizes were first awarded in 1901, physicists knew 
something of just two objects which are now called « elementary particles »: 
the electron and the proton. A deluge of other « elementary » particles 
appeared after 1930; neutron, neutrino, µ meson, π meson, heavier mesons, 
and various hyperons. I have heard it said that « the finder of a new 
elementary particle used to be rewarded by a Nobel Prize, but such a 
discovery now ought to be punished by a $10,000 fine ». 
   In order to determine the properties of elementary particles experimentally 
it is necessary to subject them to external forces or to allow them to interact 
with each other. The hydrogen atom which is the union of the first known 
elementary particles: electron and proton, has been studied for many years 
and its spectrum has taught us much about the electron. 
   In 1885, Balmer found that the wavelengths of fourteen lines of the 
hydrogen spectrum were given by a simple equation. In 1887, Michelson 
and Morley discovered a fine structure of some of these lines. The quantum 
theory was founded by Planck in 1900, and in 1913 Bohr gave rules of 
quantization which permitted a derivation of Balmer’s formula. Sommerfeld 
showed in 1916 that the fine structure of Bohr’s energy levels was caused 
by relativistic corrections. In 1924, De Broglie attributed wave properties to 
the electron and soon a quantum mechanics of the hydrogen atom emerged 
from the hands of Heisenberg, Born, and Schroedinger. Spin and magnetic 
moment of the electron were suggested by Uhlenbeck and Goudsmit in1925, 
and their dynamical equations were worked out by Thomas a year later. In 
1928, Dirac discovered an equation which described an electron with wave 
properties, charge, spin, magnetic moment and a mass depending on 
velocity as required by relativity theory. The energy levels of hydrogen 
were given by Dirac’s theory with high precision. 
   Of special interest to us are his predictions, as shown in Fig. 1, of the n = 2 
group of energy levels which are 10.2 electron volts above the n = 1 ground 
state. The fine structure splitting 22P3/2 – 22P1/2, which according to Dirac’s 
theory arises from spin-orbit interaction, agrees exactly with the sep- 

A zoo of Global Polarization Effects

10



Every Effect requires a different explanation
phenomenon facility feature Theory 

Global Hyperon 
Polarization vs 
beam energy

RHIC, LHC, SIS ~1% 
decrease with 
energy 

OAM, 
Vorticity 

Reasonable 
agreement 

Hadron, QGP, 
same effect?

GHP vs centrality RHIC, LHC Increase toward 
peripheral

Not explained

GHP vs pt

Pz polarization RHIC, LHC Positive Sine 
modulation

Additional shear 
viscosity 

Resolve the sign 
puzzle

Vs v2, v3 
polarization

RHIC Increase toward 
peripheral

VM Alignment RHIC K*=0, f positive Additional strong 
force field

Qualitative  

VM alignment LHC f=0, K* negative

J/Y alignment LHC Few %

Rapidity Not measured Different predictions

11There seems to lack a consistent picture



Spin Interference Enabled Nuclear Tomography

• Teaser: 
Polarized photon-gluon fusion reveals 
quantum wave interference of non-identical 
particles and shape of high-energy nuclei 

12

STAR, arXiv:2204.01625



Three Ingredients 

13

“Truth is Stranger than Fiction, 
but it is because Fiction is obligated 
to stick to possibilities; Truth isn’t.” 
– Mark Twain

IF I have said that this is what reality is without 
any experimental evidence, most people would 
have thought that I am crazy. 

• Linearly Polarized photoproduction of 
vector meson

• At a distance with two wavefunctions 
(180o rotation symmetry) 

• Entanglement between p± from r decay  
and interference between identical pion 
wavefunction  



Δ& in Au+Au and U+U Collisions 

May 3rd, 2022 Daniel Brandenburg 22
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Novel Form of Quantum Interference

March 31st, 2022 Daniel Brandenburg | Goldhaber Fellow @ BNL 28

Similar to double-slit experiment

But with non-identical particles!

Possible theoregcal explanagon from Frank Wilczeck’s group at MIT –
Entanglement enabled interference of amplitudes from non-idengcal pargcles

BUT
Interference occurs between 
distinguishable particles

J. Cotler, F. Wilczek, and V. Borish, Annals of Physics 424, 168346 (2021).

Entanglement Enabled Intensity Interference (D2E2)

!"
15



|t| vs. &, which radius is ‘correct’? 

May 3rd, 2022 Daniel Brandenburg 35

Now instead of +/ and +1 lets look at |5| with a 2D approach

• Drastically different radius depending on ', still way too big
• Notice how much better the Woods-Saxon dip is resolved for ' = 6/2 -> experimentally 

able to remove photon momentum, which blurs diffraction pattern
• Can we extract the ‘true’ nuclear radius from |t| vs. 9 information?
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Precise Nuclear Tomography

  

Neutron skin physics at RHIC. 

neutron skins:

FT of gluon density
(Woods-Saxon)

Ultra-peripheral collisions.

[STAR Collaboration, arXiv:2204.01625]

25

  

Neutron skin physics at RHIC. 

Accurate measurement of Δrnp of 208Pb from neutral 
weak form factor at JLab (PREX-II experiment):

Stiffer EoS than expected. 

The neutron skin in atomic nuclei, Δrnp, is 
proportional to the slope L of symmetry energy.

 Δrnp =

Can we get an independent estimate at RHIC?

[Reed et al., PRL 126 (2021) 17, 172503]
[Fattoyev et al., PRL 120 (2018) 17, 172702]

[PREX-II experiment,
 PRL 126 (2021) 17, 172502]

From 
GW170817

24

17
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  16

?
semi-opaque

screen

.

● In double-slit analogy 
hadronic interactions might 
be semi-opaque screen 
dividing the holes

● J/Ψ measurements 
demonstrate coherent 
photoproduction in central 
collisions, but do not 
investigate how these 
hadronic interactions affect 
the wave function 

Modification of double-slit

18Isaac Upsal (STAR), DIS 2022



The magic of spin alignment in 
photoproduction

  21

Comparison to UPC
● Signal persists in 

peripheral events

● Wavefunction is 
surviving potential 
hadronic interference

● There does not appear 
to be a strong centrality 
dependence

– Though expectation is 
increasing signal UPC N

ch
 ≤ 5 5 < N

ch
  10≲ 70-80%

(UPC 
does not 
use SS)

STAR preliminary

80-100%

Au+Au 200 GeV

  17

● UPC studies
– Clean signal representative of only photon production
– Unmuddied by effects of hadronic interactions
– Ideal environment for studying pure photon interactions

● Non-UPCs: greater degree of polarization overlap 
between photons from their respective nuclei 
(larger initial signal)

● Signals from pure photoproduction may be 
modified by the collision medium

● Studying this process in non-UPCs tests our 
understanding of what “coherent” really means

– How much can a nucleus break up and still have 
coherent interactions?

– How might this breakup affect the overall wave function? 

EM studies and non-UPC

19

The alignments along impact-parameter cancel

The spin alignment becomes along the B-field direction

Analog to Hagedorn temperature vs thermalization: 
Where hadrons are born into the available phase space 
instead of dynamically achieving thermalization 

Global Polarization is required by rotation symmetry 
instead of dynamically achieving polarization 



Connection to Xin-Nian and this workshop

20



Baryon Junction
• Many of the models used for heavy-ion collisions 

at RHIC (HIJING, AMPT, UrQMD) have 
implemented a nonperturbative baryon stopping 
mechanism
V. Topor Pop, et al, Phys. Rev. C 70, 064906 (2004)
Zi-Wei Lin, et al, Phys. Rev. C 72, 064901 (2005)
M. Bleicher, et al, J.Phys.G 25, 1859-1896 (1999)
• Baryon Junction: nonperturbative configuration 

of gluons linked to all three valence quarks
• Carries the baryon number
• Theorized to be an effective mechanism of stopping 

baryons in 𝑝𝑝 and 𝐴𝐴
D. Kharzeev, Physics Letters B 378, 238-246 (1996)
• But no signature of baryon junction has been 

cleanly identified in the experiment
1. proton rapidity shift vs beam energy 
2. baryon rapidity asymmetry in g+A
3. charge vs baryon stoppings 

11/30/2021 Nicole Lewis, BNL NP Seminar 21

https://en.wikipedia.org/wiki/Quark

Do gluons carry baryon number? 
•e-Print: 2205.05685

https://arxiv.org/abs/2205.05685


Model implementations of baryons at RHIC

22

V. Topor Pop
Z.W. Lin (AMPT) X.N. Wang (theory summary)

Abandoned?

2002 RBRC Workshop: Baryon Dynamics at RHIC 



Confusing Evidence AGAINST junction

9

TABLE I. Systematic uncertainties of the p/p ratio.

Systematic Uncertainty
Material budget 0.5%
Absorption cross section 0.8%
Elastic cross section 0.8%
Analysis cuts 0.4%
Corrections (secondaries/feed-down) 0.6%
Total 1.4%

The main sources of systematic uncertainties are the209

detector material budget, the (anti)proton reaction cross210

section, the subtraction of secondary protons and the ac-211

curacy of the detector response simulations (see Table I).212

The amount of material in the central part of ALICE213

is very low, corresponding to about 10% of a radiation214

length on average between the vertex and the active vol-215

ume of the TPC. It has been studied with collision data216

and adjusted in the simulation based on the analysis of217

photon conversions. The current simulation reproduces218

the amount and spatial distribution of reconstructed con-219

version points in great detail, with a relative accuracy of220

a few percent. Based on these studies, we assign a sys-221

tematic uncertainty of 7% to the material budget. By222

changing the material in the simulation by this amount,223

we find a variation of the final ratio R of less than 0.5%.224

The experimentally measured p–A reaction cross sec-225

tions are determined with a typical accuracy better than226

5% [17]. We assign a 10% uncertainty to the absorption227

correction as calculated with FLUKA, which leads to a228

0.8% uncertainty in the ratio R. By comparing GEANT3229

with FLUKA and with the experimentally measured elas-230

tic cross-sections, the corresponding uncertainty was es-231

timated to be 0.8%, which corresponds to the difference232

between the correction factors calculated with the two233

models.234

By changing the event selection, analysis cuts and235

track quality requirements within reasonable ranges, we236

find a maximum deviation of the results of 0.4%, which237

we assign as systematic uncertainty to the accuracy of238

the detector simulation and analysis corrections.239

The uncertainty resulting from the subtraction of sec-240

ondary protons and from the feed-down corrections was241

estimated to be 0.6% by using different functional forms242

for the background subtraction and for the contribution243

of the hyperon decay products.244

The contribution of diffractive reactions to our final245

event sample was studied with different event generators246

and was found to be less than 3%, resulting into a negligi-247

ble contribution (< 0.1%) to the systematic uncertainty.248

Finally, the complete analysis was repeated using only249

TPC information (i.e., without using any of the ITS de-250

tectors). The resulting difference was negligible at both251

energies (< 0.1%).252

Table I summarizes the contribution to the system-253

atic uncertainty from all the different sources. The total254
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FIG. 3. (Color online) The pt dependence of the p/p ratio in-
tegrated over |y| < 0.5 for pp collisions at

√
s = 0.9 TeV (top)

and
√
s = 7 TeV (bottom). Only statistical errors are shown

for the data; the width of the Monte Carlo bands indicates
the statistical uncertainty of the simulation results.

systematic uncertainty is identical for both energies and255

amounts to 1.4%.256

The final, feed-down corrected p/p ratio R inte-257

grated within our rapidity and pt acceptance rises from258

R|y|<0.5 = 0.957 ± 0.006(stat.) ± 0.014(syst.) at
√
s =259

0.9 TeV to R|y|<0.5 = 0.991± 0.005(stat.) ± 0.014(syst.)260

at
√
s = 7 TeV. The difference in the p/p ratio, 0.034±261

0.008(stat.), is significant because the systematic errors262

at both energies are fully correlated.263

Within statistical errors, the measured ratio R shows264

no dependence on transverse momentum (Fig. 3) or ra-265

pidity (data not shown). The ratio is also independent of266

momentum and rapidity for all generators in our accep-267

tance, with the exception of HIJING/B, which predicts268
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FIG. 4. (Color online) Central rapidity p/p ratio as a function
of the rapidity interval ∆y (lower axis) and center-of-mass
energy (upper axis). Error bars correspond to the quadratic
sum of statistical and systematic uncertainties for the RHIC
and LHC measurements and to statistical errors otherwise.

a decrease with increasing transverse momentum for the269

lower energy.270

The data are compared with various model predic-271

tions for pp collisions [6, 7, 19] in Table II (integrated272

values) and Fig. 3. The analytical QGSM model does273

not predict the pt dependence and is therefore not in-274

cluded in Fig. 3. For both energies, two of the PYTHIA275

tunes [19] (ATLAS-CSC and Perugia-0) as well as the276

version of Quark–Gluon String Model (QGSM) with the277

value of the string junction intercept αJ = 0.5 [6] de-278

scribe the experimental values well, whereas QGSM with-279

out string junctions (ε = 0, ε is a parameter propor-280

tional to the probability of the string-junction exchange)281

is slightly above the data. HIJING/B [7], unlike the282

above models, includes a particular implementation of283

gluonic string junctions to enhance baryon-number trans-284

fer. This model underestimates the experimental results,285

in particular at the lower LHC energy. Also, QGSM286

with a value of the junction intercept αJ = 0.9 [6] pre-287

dicts a smaller ratio, as does the Perugia-SOFT tune of288

PYTHIA, which also includes enhanced baryon transfer3.289

Figure 4 shows a compilation of central rapidity mea-290

surements of the ratio R in pp collisions as a function291

of center-of-mass energy (upper axis) and the rapidity292

interval ∆y (lower axis). The ALICE measurements cor-293

respond to ∆y = 6.87 and ∆y = 8.92 for the two energies,294

3 We have checked that baryon transfer is the main reason for the
different p/p ratios predicted by the models; the absolute yield
of (anti)protons in our acceptance, which is dominated by pair
production, is reproduced by the models to within ±20%.

whereas the lower energy data points are taken from [20–295

22]. The p/p ratio rises from 0.25 and 0.3 at the SPS and296

the lowest ISR energy, respectively, to a value of about297

0.8 at
√
s = 200 GeV, indicating that a substantial frac-298

tion of the baryon number associated with the beam par-299

ticles is transported over rapidity intervals of up to five300

units.301

Although our measured midrapidity ratio R at
√
s =302

0.9 TeV is close to unity, there is still a small but sig-303

nificant excess of protons over antiprotons correspond-304

ing to a p–p asymmetry of A = 0.022 ± 0.003(stat.) ±305

0.007(syst.). On the other hand, the ratio at
√
s = 7 TeV306

is consistent with unity (A = 0.005 ± 0.003(stat.) ±307

0.007(syst.)), which sets a stringent limit on the amount308

of baryon transport over 9 units in rapidity. The exis-309

tence of a large value for the asymmetry even at infinite310

energy, which has been predicted to be A = 0.035 using311

αJ = 1 [4], is therefore excluded.312

A rough approximation of the ∆y dependence of the313

ratio R can be derived in the Regge model, where314

baryon pair production at very high energy is governed315

by Pomeron exchange and baryon transport by string-316

junction exchange [5]. In this case the p/p̄ ratio takes317

the simple form 1/R = 1 + C exp[(αJ − αP)∆y]. We318

have fitted such a function to the data, using as value319

for the Pomeron intercept αP = 1.2 [23] and αJ = 0.5,320

whereas C, which determines the relative contributions of321

the two diagrams, is adjusted to the measurements from322

ISR, RHIC, and LHC. The fit, shown in Fig. 4, gives323

a reasonable description of the data with only one free324

parameter (C), except at lower energies, where contribu-325

tions of other diagrams cannot be neglected [5]. Adding a326

second string junction diagram with a larger intercept [4],327

i.e., 1/R = 1+C exp[(αJ−αP)∆y]+C′ exp[(αJ′−αP)∆y]328

with αJ′ = 1, does not improve the quality of the fit329

and its contribution is compatible with zero (C ≈ 10,330

C′ ≈ −0.1 ± 0.1). In a similar spirit, our data could331

also be used to constrain other Regge-model inspired de-332

scriptions of baryon asymmetry, for example when the333

string-junction exchange is replaced by the “odderon”,334

which is the analogue of the Pomeron with odd C-parity;335

see [6].336

In summary, we have measured the ratio of antipro-337

ton to proton production in the ALICE experiment at338

the CERN LHC collider at
√
s = 0.9 and

√
s = 7 TeV.339

Within our acceptance region (|y| < 0.5, 0.45 < pt <340

1.05 GeV/c), the ratio of antiproton-to-proton yields341

rises from R|y|<0.5 = 0.957 ± 0.006(stat.)± 0.014(syst.)342

at 0.9 to a value close to unity R|y|<0.5 = 0.991 ±343

0.005(stat.) ± 0.014(syst.) at 7 TeV. The p/p ratio is344

independent of both rapidity and transverse momen-345

tum. These results are consistent with standard models346

of baryon-number transport and set tight limits on any347

additional contributions to baryon-number transfer over348

very large rapidity intervals in pp collisions.349
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ALICE, PRL, arXiv: 1006.5432

It rules out aB=0.5

Abstract: 
The results are consistent with the 
conventional model of baryon-number 
transport and set stringent limits on any 
additional contributions to baryon-number 
transfer over very large rapidity intervals 
in pp collisions.



Different ways of quantifying baryon rapidity loss

24

STAR, Phys. Rev. C 79 (2009) 34909; 96 (2017) 44904 

Keep in mind that 
the exponential slope 
is close to ½ 

BESI data continues with the trend



Best ways of probing baryon carrier

25

• Beam Energy Dependence of net 
baryon yields at midrapidity in A+A 
collisions

• Net Charge (quark) vs Net Baryon 
(gluon) at midrapidity in isobar 
collisions 

• Rapidity asymmetry in g+A (e+A) 
Regge theory predicts exp(-0.5*y) 
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STAR, Phys. Rev. C 79 (2009) 34909; 96 (2017) 44904 
JDB, NL, PT and XZB, arXiv:2205.05685



Nicole Lewis, QM 2022 5

𝑦 > 0 is in the 𝐴-going direction

Low 𝑝𝑇 Baryon Enhancement in 𝛾𝐴

Double ratio:  ҧ𝑝/𝑝 < 1 at lower 𝑝𝑇
• Soft baryon stopping that is stronger in 𝛾𝐴 compared to peripheral 𝐴𝐴
• Ratio is smaller at higher rapidity (𝐴-going side)
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Measure charge stopping

27

In conventional Au+Au collisions: 
pbar/p ratio @ 54.4GeV is ~0.4, 
and decreases with multiplicity
K-/K+ ~=0.8—0.9 

Errors are too large to determine 
charge net charge at 200GeV

STAR, Phys. Rev. C 96 (2017) 44904

Isobar data can cancel many of the detector effects
net baryon B: (p-pbar)*(1+d/dbar*(pbar/p)^2) 
net charge Q: p++K++p – (p-+K-+pbar)

Q=B*(Z/A) if baryon number carried by valence quark 
Q<<B*(Z/A) if gluon junction carries baryon number 
Isobar: DQ =? B*(DZ/A)



Double ratios between Ru+Ru and Zr+Zr collisions

5Yang Li Quark Matter 2022

Outlook:
○ Extract freeze-out 

parameters from fully 
corrected spectra. 

○ Study connections 
between charge stopping 
and baryon stopping.

○ The double ratios of 𝜋+/𝜋−
and 𝑝/ ҧ𝑝 are larger than 1. Due 
to extra charge in Ru?

○ The double ratios of 𝐾−/𝐾+ is 
consistent with unity within 
uncertainties.

28

From baryon stopping: 
B*(DZ/A)~=2x10-3

Charge stopping: 
DQ ~=1x10-3



Summary

• Polarization effect is an exciting phenomenon in heavy-ion collisions 
• Pioneering work two decades ago finally validated last 5 years 
• Many new experimental results and unexplained features 

• Whether Baryon Junction is a valid physical object still waiting for 
experimental confirmation 

• We have proposed three ways of testing the hypersis

• RHIC, LHC and future EIC experiments can provide further 
experimental insights into these phenomena 
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• Double ratio:  ҧ𝑝/𝑝 < 1 at lower 𝑝𝑇
• Soft baryon stopping that is stronger in 
𝛾𝐴 compared to peripheral 𝐴𝐴

• Ratio is smaller at higher rapidity (𝐴-
going side)

6/7/2022 N. Lewis, Users' Meeting 2022 17

Low 𝑝𝑇 Baryon Enhancement in 𝛾𝐴

J. D. Brandenburg et al, arXiv 2205.05685



Baryon Junction Distribution Function (JDF)
(a) (b)

H1 Preliminary

p [GeV/c]

Figure 7: Baryon asymmetry as function of the proton momentum (a) and the polar angle (b).
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Measurement of the Baryon-Antibaryon Asymmetry in 
Photoproduction at HERA  
C. Adloff et al. (H1 Collaboration), ICHEP 1998 

Many theory papers cited this result even as late as 2008

What is clear from STAR and other new measurements: 
At HERA kinematics, AB~=<1%, H1 is x10 too large
PYTHIA6.4 would predict almost 0%. 
HERA is at wrong kinematics without good PID detector

Simulations we did

EIC is the best to address this fundamental science at DAY 1 with TOF


