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THE PHENIX AND THE BES

Collision energies: 7.7 to 200 GeV
20-400 MeV in ug, 140-170 MeV in T
This talk: 200 GeV Au+Au
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FEMTOSCOPY — TWO APPROACHES @

3 (Q) °
C,(Q,K) ~1—A+Af d3rD,.(r, K) |LIJ2 (r)|

Assume source shape: e.g. Gaussian

Learn about ¥, in clean environment,
e.g.in pp

Program in ALICE and STAR:

p—K,p—p,p—ANA—Ap—E
p—Qp—Xp—¢p,N—X N —A,
etc.

Assume W, : free planewave

W, =1+ COS((P1 — Pz)x)
Realistic: Coulomb (and strong) FSI
See: Marton Nagy’s talk on Tuesday
Complicated with strong interaction

Learn about the source size and
shape



https://indico.cern.ch/event/1679596/contributions/7079462/

LEVY PARAMETRIZATION OF THE C, @

Generalized Gaussian — Levy distribution

. 1 a
L(a,R,r) — deq elqre—§|CIR|

(21)°
a = 2: Gaussian, @ = 1: Cauchy, 0 < a < 2: Levy
Model the source with Levy and check corrections!

L 6@ =1+ 26RO

A(K): core-halo parameter

R (K): Levy-scale parameter

a(K): Levy index of stability

Source density

Csorgo, Hegyi, Zajc Eur.Phys.|.C 36,67
J. Bolz et al.,, Phys.Rev.D 47 (1993) 3860-3870
T. Csorg6 et al., Z.Phys.C 71 (1996) 491-497

distance



https://link.springer.com/article/10.1140/epjc/s2004-01870-9
https://link.springer.com/article/10.1140/epjc/s2004-01870-9
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://arxiv.org/abs/hep-ph/9411307
https://arxiv.org/abs/hep-ph/9411307
https://arxiv.org/abs/hep-ph/9411307
https://arxiv.org/abs/hep-ph/9411307

PHYSICS IN THE PARAMETERS @

Possible interpretation of the R:

Scale parameter, important: Ry ¢y, # Rgauss
Analytic hydro:R—l2 = Amy+ B whatifa < 2

Possible interpretation of the a:
spatial corr.~ r~17" symm. Levy dist. ~ r~17¢
Sudden change in @ might be a sign for criticality

Could be the sign of anomalous diffusion or jets

Many pion results — particle dependence!?
Simulation results are available

See: Laszlo Kovacs’ tall at 10:00

M. Csanad, D. Kincses, Universe 10 (2024) 2,54
S.E.Vance et al,, Phys.Rev.Lett. 81 (1998) 2205-2208
T. Csorg6 et al., Phys.Rev.C 54 (1996) 1390-1403
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https://indico.cern.ch/event/1679596/contributions/7079506/
https://doi.org/10.3390/universe10020054
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.81.2205
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.81.2205
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.81.2205
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.81.2205
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.54.1390
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.54.1390
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.54.1390
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.54.1390

PHYSICS IN THE PARAMETERS

Possible interpretations of the A:

mr suppression linked to chiral restoration

an

transition besides the free quarks

See Tamas Csorgo’s talk at 10:45

Measuring two- and three particle
correlations could shed light on partially

coherent particle production

Measure HBT with proper
parametrization is crucial

PHENIX, PRC 1 10(2024)6.6
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https://indico.cern.ch/event/1679596/contributions/7079508/
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.110.064909

PHENIX KAON HBT CORRELATION

—+ KK +K'K"

my = (0.798 - 0.816) GeV |1 = 0.57 — Fit function

0-20% centrality R = (3,23 _+O°-35§) fm

TN o = 1 49 +0.21
PHENIX =145
preliminary N=0.977,

e = (-0.01:2%) c/GeV

x?/NDF = 25.1 /34, CL =86.7 %
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(Data-Fit)/Error

C, in 3 and 4 my bins
and in 3 and 2 centbins
CC incorporated into
the fit function (see
NM’s talk)

Acceptable fits in terms
of CLand y?/NDF
a#*2 nor a#*1
Preliminary status,
converging to the final
results


https://indico.cern.ch/event/1679596/contributions/7079462/

PRELIMINARY — R(m7)
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PRELIMINARY — 1/R2(m;)

* Unexpected mt scaling, similar to mr case
* Predicted for a = 2, theory challenge for a < 2
* Systematics could be improved
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PRELIMINARY — A(my)

1.6
1.4
1.2

0.8
0.6
0.4
0.2

o

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

o

- Au+Au @ Vs, =200 GeV, KK +K'K*

= (5= —e— 0-20%

— —e— 20-40%

E I —e— 40-60%

= PH/\\ENIX

— preliminary

E PR T T T TN [N T SN T TN T T AN T T T AN S TN T T N SO TR S
7 0.75 0.8 0.85 0.9 0.95 1 m; [GeV]
= Au+Au @ |5, =200 GeV, KK+K'K*

3 — —— 0:30%

= PH: -ENIX —e— 30-60%

- prellmlnary

E | I | | I |

7 0.75 08 08 09 095 1 m; [GeV]

A
2

1.5

1

0.5

- 0-30%, K'K'+KK
. 0-30%, mm, Tt
PRC97,064911

P !
1
ok U

—~—
PH-<ENIX
preliminary

Expected ordering: A,; < Ag

No drop is expected

Very sensitive to Q,,;, and the CC
Sensitive to the sample
Systematics could be improved



PRELIMINARY — a(my)
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If re-scattering drives «,
expected ordering: a; > ak
Observed: a,; ~ ak : Levy fluid?
See Bence Szentkuti’s poster
No mr dep.is observed
Centrality dep.?



https://indico.cern.ch/event/1679596/contributions/7078124/attachments/3275768/5852896/WPCF_szentkuti_poszter.pdf

PRELIMINARY — ao(Npqrt)

* Observed: a,; ~ ax : Levy fluid? , see Bence Szentkuti’s poster
* No mr dep.is observed — «| (Npart)
* Agrees with 7T results (uncerts. to be improved)
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https://indico.cern.ch/event/1679596/contributions/7078124/attachments/3275768/5852896/WPCF_szentkuti_poszter.pdf

SUMMARY

Kaon HBT measured in PHENIX Au+Au at \/syy = 200 GeV

Levy parameters are extracted as function of my and Nj g,

R observed to scale with T data
Ax < A; compatible with expectation

a,; ~ Ak observed, expectation from re-scattering a,; > ak

ak independent from my: aK(mT, Npart) ~ aK(NpaTt )

THANKYOU FORYOUR ATTENTION




THANK YOU FOR YOUR ATTENTION!




BACKUP SLIDE | @

Originates from radio astronomy
Hanbury-Brown and Twiss observed intensity correlation

In high energy physics, Goldhaber, Goldhaber, Lee and Pais

Technique to access the spatio-temporal structure of the particle emitting source

N, (p1,p2)
N; (p1)N; (p2)

where we can use the Yano-Koonin formula to relate the mom. dists. to the source:

C,(p1,p2) =

N, (p1,p2) = | dx1dx;8(xq, p1)S(x2, p2) | Wa (x4, x3)|?

S: source function, ¥, two-particle wavefunction

R.H. Brown and R. Q.Twiss, Nature 177,27 (1956)
G. Goldhaber et al., Phys. Rev. 120,300 (1960)
F.B.Yano and S. E. Koonin, Phys. Lett. 78B, 556 (1978)



https://www.nature.com/articles/177027a0
https://journals.aps.org/pr/abstract/10.1103/PhysRev.120.300
https://www.sciencedirect.com/science/article/abs/pii/037026937890638X?via%3Dihub

BACKUP SLIDE Il

Usually pions, kaons, protons are measured

Resonance contributions are considerable: core-halo model
S(x,p) = VA Seore (6, 0) + (1 = V) St (x, p)

Let’s introduce the pair source function as

X X
Dug(x,p) = J d3R S, (R +§,P) Sp (R —E,'P)

With this the pair source function in the core-halo model:

D(X, p) — ADCC(-X' p) + 2\/1(1 R \/i)DCh(x' p) + (1 o \/Z)Zth(x’ p)

\ )
f

Notation: D) /(1 —A)

J. Bolz et al., Phys.Rev.D 47 (1993) 3860-3870
T. Csorgé et al., Z.Phys.C 71 (1996) 491-497



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.3860
https://arxiv.org/abs/hep-ph/9411307
https://arxiv.org/abs/hep-ph/9411307
https://arxiv.org/abs/hep-ph/9411307
https://arxiv.org/abs/hep-ph/9411307

FEMTOSCOPY — GENERAL FORM @

With K = 0.5(p; + p2) and Q = p; — p,! Also assume that p; = p,

2 2
C,(Q,K) = Af d3rD,.(r,K) “PZ(Q)(r)‘ + (1 =) d3*rD (1, K) “PZ(Q)(r)‘

If we take the R;, — oo limit the Bowler-Sinyukov formula is given:
~1— 3 @ (1 |°
C,(Q,K) ~1—2A+Af d3rD..(r,K) [¥,* (1)

The simple planewave case (i.e. no FSI):

D.(Q, K
Cz“’)(Q,lf()=1+Azj 00

C(Q — 0, K)

E. O. Alt et al., Proc. ISMD 2000
M. G. Bowler, Physics Letters B 270, 69 (1991)
Yu. Sinyukov et al., Phys. Lett. B432, 248 (1998)



https://arxiv.org/abs/hep-ph/0103019
https://www.sciencedirect.com/science/article/abs/pii/0370269391915413?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269398006534?via%3Dihub

THE FIRST RESULTS — PHENIX 0-30% AU+AU
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N =1.0072 + 0.0004
y2NDF = 78/83

conf. level = 63.8%
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o +=0.81£0.04 —+— Raw corr. function

[ R=(7.72+0.27) fm
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C,(A,R,x;Q) x Nx (14 Q)

............. C;Ol(}',R’OE;Q) x Nx (14 Q)

Lt
| —=-- Nx (1% Q)
- | CP'=1+1- exp(-R% Q%)
B | | | | | |
| | ) | | ! 1 | ! | !
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Measured correlation
function in 31 m+ bin with
0-30% cent.

Coulomb correction
incorporated into the fit
function

The fits are acceptable in
terms of confidence level
and y?/NDF

a*2 nor a+1l
Gaussian parametrization
cannot describe the data
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