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From p-p correlation to
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Happy Rice Birthday!

3 years ago
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RHIC-STAR@BNL
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A Phase diagram of water $
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Quark Soup: strong coupling liquid _— ,
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A system of quarks and gluons is to a good to fair approximation explained by a Quark Gluon Plasma:
(1) Low Pt, hydrodynamical behavior: thermal
(2) Middle Pt, constituent quark number scaling: partonic flow

(3) High Pt, jet quenching: hot-dense matter



Quark Soup: The lowest viscosity matter

Relativistic Heavy-Ton Collisions icle_distributions =
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Quark soup: the most vortical matter!
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An exciting discovery from
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The most vortical fluid!
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QGP is the most vortical matter

STAR Collaboration at RHIC:
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History of antimatter particles

Bevatron facility IHEP, Russia

Pbgr-pbar intercation

LJ_..._A_ 18 02

2000 2020 2040

Discovery Year

Anderson, C. D. Phys. Rev. 43, 401-404 (1833
Chamberiain, O. ctal. Phys. Rev. 100, 947 (1955),
Dorfan, D.E etal. Phys. Rev, Lett. 14, 1003 (19685).
Antipov, Y. M. ot al.. Yad. Fiz. 12, 311 (1970
Abcicy, B. |, et al, STAR Collaboration. Science 328, 58 2010),
M, B. Letal, STAR Collaboration. Nature 473, 3563 (2011).
' sn. et al The ALPHA Collaboration. Nature Physics 7, 5568 2
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PROCEEDINGS THE ROYAL
OF SOCIETY

The Quantum Theory of the Electron
P. A. M. Dirac

Proc. R. Soc. Lond. A 1928 117, doi: 10.1098/rspa.1928.0023,
published 1 February 1928

Y.G.Ma, J. Chen, L. Xue, 7(2012) 637—646

J Chen D Kean, Y.G. Ma, A. Tang Z. Xu, (2018) in press



STAR@2010: From hyperon to hypernuceus, to Antinypernucleus

AP Tansithish

SinNaAD

Observation of anti-hypernucleus from RHIC-STAR
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STAR@2011: From AMS to RHIC: Helium4 to Anti-helium 4
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An Intensity interferometry method:
From HBT to pp correlation

Intensity interferometry: from large scales ...

Star HBT: B. Hanbury Brows, B0 Tedes,
Phil. Mag., Ser. 7 45 (1954) 663
R
.
[d{{R
I

Static systems: exploring the geometry (size, R)

.. to subatomic physic scales
(m-m, K-K, vy, p-p, n-n, IMF-IME, ...)

(. Goldhaber et al.,
PR 120 (1960) 300

Detectors
—

RV jy——— 1“““**——____‘, -

Fast evolving systems: 10-5-10°" sec: geometry changing in mm:

Muclear reaction

3

Two-Proton correlation functions
EI’IE[PLJ.FE] [1+R{‘f):| EF(PL Y,(p,)
) \\K “'5

Detector Arrays

F'l F’|

o 20 40 Elfl

{MEW::}
R(q) sensitive to the space-time properties of emitting sources

Many works have been done at low-E HIC. eqg. B. Lynch, Pochldzalla, C. Gelbke, Pratt et al.
However, there is no any antiproton-antiproton measurement so far.
If so , antiproton interaction parameters could be extracted.

Sstin 14



Different mechanism of two-proton emission

B. Blank et al.

Three extreme decay modes

2He cluster decay 3-body democratic decay 2-body sequential decay

Two types of 2p emission

emission from ground-state

long lived: *°Fe, *Ni, °*Zn

short lived: °Be, 120, 15Ne, 1“Mg
emission from excited states

B delayed: 22Al, 31Ar, ...

others: 140, '"Ne, '®*Ne, 9*Ag

Objectives of studying 2p emission

masses of nuclei beyond drip line
@ p-p pair correlation inside nuclei

@ nuclear structure information for
proton-rich nuclei (single-particle
levels, deformation)

tunneling process




Experimental description @ RIPS

F2 _F3
W2z HE T -

Experiment information Target

@ Primary beam: 135 MeV/u *%Si
@ Primary Target: 5.5 mm Be

@ Secondary beam: *?Al, **Mg, *'Na,
X 2ONe @~70 AMeV
Wedge

degrader @ Secondary Target: '°C (355.5 mg/cm?)

The typical intensity and purity of the Al
beam were 700 cps and 3%, respectively.

=]Bc targct

T HODO:
| LB dE: 1000 % 100X 5mm
I N E1: 1000X75X60mm
Ll == E2: 1000X 75X 60mm
 — T A e
=7 l - Si telescope:
Si-strip: 0.5mm (5% 5-4) X2

Si: 0.5mm (3% 3) X3
Collaboration with Y. Tagano, Sakurai, T. Matobayshi et al.@2008



Our p-p correlation measurement for 22Mg

:
o)
O
Q_pp~20MeV/c & theta_pp ~ 30deg,
indicating a strong 2p emission
component for 22Mg

Physics Letters B

lé\ www.elsevier.com/locate/physletb

Different mechanism of two-proton emission from proton-rich nuclei =

23 22 =
Al and ““Mg 8

Y.G. Ma? D.Q. Fang?, X.Y. Sun?, P. Zhou?, Y. Togano®, N. Aoi”, H. Baba®, X.Z. Cai?,

X.G. Cao?, ].G. Chen?, Y. Fu®, W. Guo?, Y. Hara“, T. Honda ¢, Z.G. Hu ¢, K. Ieki®,

Y. Ishibashi®, Y. Ito¢, N. Iwasa’, S. Kanno", T. Kawabata?, H. Kimura", Y. Kondo®,

K. Kurita®, M. Kurokawa ", T. Moriguchi ¢, H. Murakami”, H. Ooishi ¢, K. Okada¢, S. Ota¥,
A. Ozawa*®, H. Sakurai®, S. Shimoura¥, R. Shioda ¢, E. Takeshita®, S. Takeuchi®, W.D. Tian?,
H.W. Wang?, J.S. Wang ¢, M. Wang9, K. Yamada®, Y. Yamada®¢, Y. Yasuda €, K. Yoneda",

G.Q. Zhang?, T. Motobayashi "

2Mg - *Ne +2p

“Mg > p+p+  Ne 125<E <18
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Source size + emission time:
¢ .
./;) - S(r)~exp(—r2/2r02—t/f)
(rp,T)

The results indicate that the emission time
difference between two protons for 2Mg is
shorter than that for 23Al. The mechanism of 2p
emission from 23Al was dominately sequential,
while that for 22Mg was mainly three-body

simultaneous emission. £

20 23A1 > 2INa + 2p (@

T
(1.2~2.8fm,}
>600fm/c)

PHYSICAL REVIEW C 94, 044621 (2016)

Proton-proton correlations in distinguishing the two-proton emission mechanism of Al and Mg

D. Q. Fang,'”" Y. G. Ma,""' X. Y. Sun,' P. Zhou,' Y. Togano,” N. Aoi,” H. Baba,” X. Z. Cai,' X. G. Cao,' J. G. Chen,' Y. Fu,’
W. Guo,' Y. Hara,* T. Honda,® Z. G. Hu,* K. Ieki,” Y. Ishibashi,” Y. Ito,” N. Iwasa,® S. Kanno,” T. Kawabata,” H. Kimura,”
Y. Kondo,” K. Kurita,® M. Kurokawa,” T. Moriguchi,” H. Murakami,” H. Ooishi,” K. Okada,” S. Ota,” A. Ozawa,” H. Sakurai,’
S. Shimoura,” R. Shioda,” E. Takeshita,” S. Takeuchi,” W. D. Tian,' H. W. Wang,' J. S. Wang,* M. Wang,* K. Yamada,’
Y. Yamada,’ Y. Yasuda,” K. Yoneda,” G. Q. Zhang,' and T. Motobayashi’

'Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China
2Institute of Physical and Chemical Research (RIKEN), Wako, Saitama 351-0198, Japan
3Department of Physics, Rikkyo University, Tokyo 171-8501, Japan
*Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
3 Institute of Physics, University of Tsukuba, Ibaraki 305-8571, Japan
®Department of Physics, Tohoku University, Miyagi 980-8578, Japan
"Center for Nuclear Study (CNS), University of Tokyo, Saitama 351-0198, Japan
8Department of Physics, University of Tokyo, Tokyo 113-0033, Japan
(Received 6 August 2016; revised manuscript received 11 September 2016: published 28 October 2016)

It is possible to distinguish clearly the mechanism of 2p emission by investigating on
the p-p momentum correlation function, the 2p relative momentum and opening
angle distributions.




From p-p to Pbar-pbar Femtoscopy

Correlation Function(CF):
« _ A(k*
OﬂLEﬂSHTB(k ) - ng*g
A(k*) - real pair,
B(k*) - pair from mixed events :
k* - half of relative momentum between two partlcles

Residual correlation

Inside our (anti)proton sample, there are secondary (anti)protons that are
indistinguishable from primordial ones. Taking the case for proton as an
example, two main weak decay channels give the most contribution :

A —-p+47~ ~26%
Y+ —p 4+ 7Y ~5%

m?2 ((GeV/c?)?)

As the Lambda decay contribute the most secondary (anti)protons, in our analysis
we only consider the contribution from Lambda decay.



Formula to fit our data

Inside our (anti)proton samples, there are secondary (anti)protons that are
iIndistinguishable from primordial ones. In the residual protons, the Lambda decay

channel gives the most contribution. We fit the data by the following equation

Crmeas(Kpp) = 11+pp|Cpp(k™; Rpp) —1|+2pa [apﬁ (kpps RBpa)—1]+zan [a’m(k;pE Ran)—1]

Measured correl. Primary correl. Residual Correl.
where

OAA(kpp) = Z Can(kpan)T (kpp,k,,) and CpA( )_ Z Cpa(k A)T( pp)

AA

Cpp(k*) and Cpa(k,, ) are calculated by the Lednicky and Lyuboshitz model.

Caa(kx ) is from STAR published paper (Phys. Rev. Lett. 114 (2015) 22301).

T is the corresponding transform matrices generated by THERMINATOR2 model to
transform the k 5 to k,, or kx, to k.

ﬁ‘?ﬂ 20



STAR@2015: From p-p to pbar-pbar HBT,

15t measurement of pbar-pbar interaction parameters

C(k*)

_(k¥)
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Fit results:
For proton-proton CF,
R=2.75+0.01fm; JNDF = 1.66;

For pbar-pbar CF,
R=2.80+0.02fm , fo=7.41+£0.19fm, do
éNDF 1.61

naturc 527,325 (2015)

| 0 proton-proton
= 1 proton-neutron(singlet)
. proton-neutron(triplet)
| ¢ neutron-neutron
J#* antiproton-antiproton
— 4 |
£ 7
— |
=] i A o |
S2F *
(- B N
©
| - -
2 T
'*(—J‘ L L ] 1 1 1 L 1 L | 1 1 1 L
% -10 O 10 20 30

fo (FM)  scattering length

21Zhengqiao Zhang@SINAP, PhD Thesis @ 2017



Summary

At RHIC, a so-called strong coupling Quark-Gluon Plasma is
discovered, it has almost the smallest viscosity and the most vortical
motion under the strongest magnetic field.

At RHIC, the 15t anti-hypernucleus (anti-hypertriton) and the heaviest
anti-nucler (anti-helium-4) were observed so far.

At RHIC, the pbar-pbar interaction was measured, for the 15t time, its
scattering length fo & effective range do are extracted. It Is symmetric
to pp Interaction, satisfy a CPT symmetry.

Nuclear Physics has Simplicity, Symmetry and Beauty!

Mt 22



Major collaborators:
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Ref. Antinuclei in heavy-ion collisions,
Jinhui Chen, Declan Keane, Yu-Gang Ma, Aihong Tang, Zhangbu Xu,
Phys. Rep. (2018) in press

Arima-san, FHIRE!

Thanks for your attention!
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