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* Motivation: Why study particle correlations?

* Proton-proton correlations

‘ Corrections and results from comparison with models

 Lambda-proton correlations

‘ Use of proton-proton results to investigate the interaction
of Ap pairs
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Femtoscopy and particle correlations — what for?

Energy Stopping Hydrodynamic
Hard Collisions Evolution

Initial state

General picture of the time sequence of a heavy-ion collision

|:> Gain information about the dynamics of the reaction (source)

OR

interaction e.g. Ap, AA, ...

|:> Gain information about the interaction between particles
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Demorest et al., Nature 467,1081 — 1083 (2010)

e-g-\Ap, AA, ...

‘ Interaction is a crucial input for the equation of state



Theoretical correlation function:

Cab(P7 (]) P (PasPb) f dST’SP (r’)|q§(q, r/)|2

— PlOPG)
Source function: Wavefunction of particle pair:
Distribution of relative distances between Includes the interactions
the particle pairs (in CMS of the pair) and symmetries

Experimental correlation function:

Ck) =N N(p1,P2)same | k= 3|p1 — p2|

N(pl ap2)rnixed P1 + p2 = 0

* Same: relative momentum dist. of particles in the same event
* Mixed: particles from different events (not correlated)
* Normalization factor A’ : C'(k > 100 MeV/c) = 1



Strategy of analysis — two steps:

C(P,q) = prybtls = [ d*r'Sp(r')|é(q,v)|?

| )\ )
1

1. Understand the emission profile of the pNb system

\ region of homogeneity == ,Source”

SP (I‘)
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Strategy of analysis — two steps:

C(P,q) = prybtls = [ d*r'Sp(r')|é(q,v)|?

| )\ )
1

1. Understand the emission profile of the pNb system

\ region of homogeneity == ,Source”

SP (I‘)

Iwis

‘ Use pairs with large statistic and well established interactions
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_ i
P =pp,m=7m=,
Beam: Target:
p
- > 12-fold segmented target of 93Nb discs
~2-10°/s 2.8% interaction probability

Tp — 35 GeV (Apa'r't> ~ 2‘7

A/SNN — 3.18 GeV /

Femtoscopy in a small system!




Features of HADES:
* Large geometric acceptance ¢ € [0, 27|, © € [15°, 85°]
« Momentum resolution ~ 2 — 6%

10



Information about the source — proton proton correlation function:
Proton-proton correlation function without any corrections:

Should be flat for
Strong interaction large momenta ...

O O
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Information about the source — proton proton correlation function:
Proton-proton correlation function without any corrections:

Should be flat for
large momenta ...

O O

.... unfortunately not the case
PRELIMINARY

C(k)

=
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Information about the source — proton proton correlation function:

Can we model them (LRC)? J

Femtoscopy region

——

C(k)

NP

°H

| i \
100 200

k [MeV/c]

Proton-Proton correlations

Baseline region

1 1 | 1 ‘ | 1 | |
0.4 0.6 0.8

k [MeVic]

Define LRC free CF:

Craw (k) /Curqup (k)

x10°
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Information about the source — proton proton correlation function:

Further corrections? J

Reject pairs which are too close

together

A © [rad]

0.4 e

I R

A & [rad]

[A¢| > 3 x 0.039 rad
IAO| > 3 x 0.015 rad

Proton-Proton correlations

Correct for finite momentum

resolution
- Ideal
2 Smeared
y | | | | f | |
50 100 150
k [MeVic]
C’real (k) _ Cideal(k)

Cmeasured(k) o Csmeared(k)
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Information about the source — proton proton correlation function:

Extract source size:

C(k) = N [ d*'Sp(r')|¢

(k, )|

2.5

PRELIMINARY

R =2.016 £ 0.010 fm
N =1.005+0.002

Potential used for strong interaction:

V(z) [MeV /c]

o
w W

o =

3

T [fom]

0.5/
0 100 200
k [MeVIc] iy’, Phys. Rev. C 24, (1981), 1203
2
3715 T [1 B 27” B l(lp—;l) - i’éV(p)] = 0| S(r) ~ exp(—7*/4RZ)

RPP —2.016 +0.010"

0.039

0.027 M
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Strategy of analysis:

C(P,q) = prybtls = [ d*r'Sp(r')|é(q,v)|?

| )\ )
1

2. Use the information of point 1 to investigate particle interactions of not well known type
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Study interaction between Ap

Theoretical calculation

F. Wang, and S.Pratt, Phys. Rev. Lett. 83 (1999) 3138

1._8 i 1 L 1 L | I ] T L] | L] 1 L ] | ] I L] T I T L] 1 L]

Can we use the proton-proton measurement to
constrain the Lambda-proton source function?
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Study interaction between Ap

Theoretical calculation

F. Wang, and S.Pratt, Phys. Rev. Lett. 83 (1999) 3138
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Can we use the proton-proton measurement to
constrain the Lambda-proton source function?
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Select A’s with large purity — different topological cut combinations to study systematics:

A
|—> P

Purity = S_|_B (20)

«10° (combo 1)

e PRELIMINARY

N Aid,re < 0.1

[VerDistA > 7 mm

VerDistB > 15 mm N(ﬁ) = 356435
VerDistX > 52 mm = 3.0 MeV/c *

" MTD < 10 mm S S

i Purity = 86.1 %

- x10°
0 1 1 1. 15 1.2

M, IMeV/c?]
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Select A’s with large purity — different topological cut combinations to study systematics:

T (combo2) Fuity = gyp(20)
50 0.1 PRELIMINARY
B Qid,re < U.
— WVerDistA > 7 mm
© 40 VerDistB > 25 mm N(A) = 273773
> WNerDistX > 57 mm o = 3.1 MeV/c 2
= 390~ MTD < 10 mm S/B = 8.6
i u Purity = 89.6 %
5«
€ 20
- |
Q r
O 10—
|: I R , ] }{103

M, [MeV/c?]
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Select A’s with large purity — different topological cut combinations to study systematics:

A
|—> P }(103 (CombO 3) PU.I'lty = S+B (20’)
- PRELIMINARY
30— Aid,re < 0.1
o HVerDistA > 10 mm
QO 25 HVerDistB > 28 mm N(A) = 177393
:; 20 VerDistX > 61 mm c = 3.2 MeV/c?
= ““r MTD < 10 mm S/B = 12.3
— N Purity = 92.5 %
=~ 15—
2
S5 10F
o) N
@) n
S
1__ P N I .}’:103
o

11 1.15 1

M, [MeV/c?]
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Again corrections: Influence of long range correlations for all three cut combinations:

C(k)

C(k)

combol combo?2
4= a-
3.5F E 3.5F E
3; O xp 33_ O xp .
250 — LRCfit 25 — LRC fit
2 S 2
1.5 %3 1.5 Qg:)
1 W 1: %WMJW
0-55— 0.5F
o 100 200 300 400 500 \loo_ 900 200 300 400 500
k [MeV/c] pe k [MeV/c]
e
o8
combo3 o
ap
.. O Exp Model the long-range part with a polynomial
3| — LRC fit CrLrc = 1+ ak + bk k € [250,600] MeV /c
2.5(
2
150t @0
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Again corrections: Influence of long range correlations for all three cut combinations:

C(k)

C(k)

combol

4:

. |
100

. | . | . | .
200 300 400 500

combo?2

O Exp

— LRC fit
v Sim (GiBUU)

~‘ 0
k [MeVi/c] @\@&
o8
combo3 e
O e
- LRC fit

. |
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. | . | . | .
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. |
100

Circ =1+ ak + bk>

. | . | . | .
200 300 400 500

k [MeV/c]

Model the long-range part with a polynomial

k € [250,600] MeV /c

‘ Simulation confirms trend of the fit

from the long-range part also
at small relative momenta
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Apply corrections — investigate systematics:

Correlation function after application of all corrections
PRELIMINARY

5; O combol

AL v combo?
~ - combo3
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Apply corrections — investigate systematics:

C(k)

Correlation function after application of all corrections

- PRELIMINARY
5; O combol
AL v combo?
- combo3
- g =
B,
- +=*
1| e sgssssoansns
o= . | . | . | . | .
0 50 100 150 200 250

k [MeV/c]

R. Lednicky, V.L. Lyuboshitz, Sov. J. Nucl. Phys., 35, 770 (1982)
Use Lednicky‘s model to extract interaction parameters. It is based on:

f(k — k') = (a,_1 + %frk2 — ik)_l Rép
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Apply corrections — investigate systematics:

Correlation function after application of all corrections

PRELIMINARY
O combol

1
AL v combo?
~ - combo3
X 3f ¥ -
o %
20 +
.
Apresssermsns e R BEE-5-T-5-5- 5955555
o . | . | . | . | .
0 50 100 150 200 250

k [MeV/c]
R. Lednicky, V.L. Lyuboshitz, Sov. J. Nucl. Phys., 35, 770 (1982)

‘ Use Lednicky‘s model to extract interaction parameters. It is based on:

—1 T AN DPP

flk—=X)= (a7t + 3rk? —ik) 1?%10, .




Proton-proton correlation function comparison to transport theory:

2.5

O Exp

PEPPTTTETTTV T P e OPE P L RN WPy
R e o T e e T S S

introduces correlations

/

UrQMD+CRAB

PRELIMINARY

S LA UAT b Ly b b SO PL T T T EL T IO OREL T AL

|
100

200
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Source comparison from transport theory

Source function derived from UrQMD model:
C(k) = [ d*r'Sp(x')|p(k,r)|?
dr [drr?S(r) =1

k < 100 MeV/c

102 = =\2R,, op = 3.021+ 0.001 fm
- o =\2R,, ., = 2.466 + 0.015 fm
5 100 =R, /R . =1225
é ; USTORTLLL exp(—r2/202)
Rl -4 | |
— 10°E O pp
F)’ 107 = v Ap
10° =
- |
0 20 25
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Comparison to other measurements and to models:

8-
75_ ¥ Exp. (HADES) I 'OQQ/
- Y,
6 "
r— - (72
£ s5-
h L
Rl -
o 4-
= 3n
2
1f | | |
1 2 3

29



/Y

Comparison to other measurements and to models:

1) Eur.Phys.J. A21 (2004) 313 — 321
2) Eur.Phys.J. A2 (1998) 99 — 104
3) Phys.Atom.Nucl. 72 (2009) 668 — 674

8-
7 :_ ¥ Exp. (HADES) A'%‘
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Comparison to other measurements and to models:

Eur.Phys.J. A21 (2004) 313 — 321
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Comparison to other measurements and to models:

Nucl.Phys. A915 (2013) 24 — 58
Eur.Phys.J. A21 (2004) 313 — 321

8.
- P
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Comparison to other measurements and to models:

Nucl.Phys. A915 (2013) 24 — 58
R = RP /RF = 2.016/1.225 fm

6
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Summary

e Correlation function for protons calculated and source size
for proton pairs extracted

* The source size of protons used as input to extract
an effective scattering length for Lambda-proton pairs

Extracted values:

0.04

a™P = 1.96770150 fm

rAP = 3.8247 5990 fm
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Thank you /A

HADES

Thank you for your attention

The HADES collaboration

T
\ T
: "5“ b | *'.‘ N
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Correlation Function 0.

[y TADES

Results from pNb femtoscopy — Correlation function (angle integrated):

Can we model them (LRC)?

Use UrQMD transport simulations (no HBT effects):

2D kinematic distributions in the HADES acceptance

SI M x10°

Ypp

- N W A O O N @

[=]

(=]
(=] £

0 05

1 15 1 15
P; [GeVic] P; [GeVic]

» The shape of the simulated Phase-space (right) looks very similar
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Results from pNb femtoscopy — Correlation function (angle integrated):

Can we model them (LRC)?
Baseline: as a function of pair transverse momentum kr = |[p1T + par|

kr € [0,250] MeV /c kt € [250, 500] MeV /c kt € [500, 750] MeV /c
o 181
g - g g 16F
& E_ O O 14f
-
E 1 L L L L 1 L L L L L L | L L L | L 1 L 1 L 1 L 1 103 L 1 ---n---|---:---|---|---|---| 1 L L L
0.4 0.6 0.8 1 0.4 0.6 0.8 1 200 600 800
k [MeVic] k [MeVic] k [MeVic]
kt € [750,1000] MeV /c kt € [1000,1250] MeV /c kt € [1250,1500] MeV /c
= 22p
R ot
o 1.52—
< 1 < < 1o
O q4f o O 44f
i— 12F
o4 08 08 1 St ma T es 081 — 400 e00 . 800
k [MeVic] k [MeVic] k [MeVic]
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Influence of the purity on the correlation function:

Residual correlations from pEO (based on Stavinsky et al. — arXiv:0704.3290v1 [nucl-th])

Transformation matrix p2° — pAxo

500 - . N
450F 1.2- Rs =2 fm
p— 4005— 1\/
L 350F N
% 300 — 0.8
= 250F i B EO
' 200F O 06f P
x[fd]- 150;_ 0-4 :_ llllllll pAEO
100 :
50 0.2~
0 S s | . | . | . 0 -
0 1000 200 0 3 4 40 %0 O 100 200 300 400 500
k,, [MeVi/c] k [MeV/c]

0
o Idkpzocpz (kaU)W(’CpZ}U:k)

0
CPE —>pAZ}U (k) fdkpzc)W(kao,k)

‘ Residual correlations from pEO are very small 39
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Source extraction from transport theory (UrQMD):

<tf'reeze> = 12.7¢ /C <tf?“6626> =15.5 fm/c

/

=

8106 N X
2'5: o — A(scaled)
- - Proton
] 2_
o
"-E- N
w— 1.5
Rl L
whed B
© 1
-~ B
z
© o5-
oL i —
0 10 20 30 40 50

t [fm/c]

‘ A’s leave the system earlier .



Information about the source — proton proton correlation function:

Proton-proton correlation function corrected for all efficiencies:

A’PQ/
n ,
2.5— O Exp corrected /42’7,&
E ¢00 v Exp uncorrected
21—
= -
= 1.5 :—
o
10—
05
;_ | | |
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