-
)‘i/t\il
o™

Proton-Proton and Proton-Lambda
correlations in p+Nb reactions
measured with HADES
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Outline 1A

1y HADES

* Two particle correlations: Definition

* Proton-proton correlations

I:> Corrections and results from comparison with models

 Lambda-proton correlations

I:> Use of proton-proton results to investigate the interaction
of Ap pairs
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Introduction A

[y TADES

Theoretical correlation function:

C(P,q) = s = [ d*'Se(r)|é(q,r)?

Source function: Wavefunction of particle pair:
Distribution of relative distance between Includes the interactions
the particle pairs (in CMS)

Experimental correlation function:

C(k) — A(k) k:%|pl_p2|
B(k) p1 + P2 = 0 Pair reference frame (PRF)

e Same: relative momentum dist. of particles in the same event
* Mixed: particles from different events (not correlated)

* Normalized to unity: C'(k > 100 MeV /c) = 1
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Introduction 21

1y HADES

Strategy of analysis — two steps:

C(P,q) = prabitsy = [ d*r'Se ()| é(q,r)?

| J \ )
1

1. Understand the emission profile of the pNb system

\ region of homogeneity == ,Source”

Sp(r)

A4
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Introduction 21

1y HADES

Strategy of analysis — two steps:

C(P,a) = 53y = [ dr'Se ()6, )7

1. Understand the emission profile of the pNb system

\ region of homogeneity == ,Source”

Sp(r)

Iwis

> Use PP pairs since we have plenty of protons and we know their interaction
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Reaction

System under investigation:

p+33Nb—=P+X

_ i
P=pp,nmTnT, ...
Beam: Target:
p
- > 12-fold segmented target of 93Nb discs
~2-10%/s 2.8% interaction probability

Tp — 35 GeV <Apa’rt> ~ 27

A/SNN — 3.18 GeV /

Femtoscopy in a small system!



Experiment A

Features of HADES:
« Large geometric acceptance ¢ € |0,27],0 € [15°,85°]
« Momentum resolution ~ 2 — 6%
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Information about the source — proton proton correlation function:
Proton-proton correlation function without any corrections:

C(k)

Correlation Function

Strong interaction
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Should be flat for
large momenta ...
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Correlation Function 0.

My HADES

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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b Correlation Function

Information about the source — proton proton correlation function:

Reject pairs which are too close

A © [rad]

Corrections

HADES

together
."! |
A e gl
A @ [rad]

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

Correct for finite momentum

Correct for long range

resolution correlations
22—
Ideal 2F O Exp uncorr.
""" Smeared ror
= 14 A UrQMD
o 12
L 1 A L ST T ne
Wz
0.6—
PRELIMINARY 0.4 PRELIMINAEF
100 200 300 400 0 100 ' 200
k [MeV/c] k [MeVic]
Crea k C(i ea k _
L(k) dealM)_\ | (k) = Clany (k) /Cunqan (k)

Cmeasured (k) — Csmeared(k)
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MU HADES

Source Size A3

Information about the source — proton proton correlation function:

Extract source size: C(k) = N [ d&*r'Sp(r’)|o(k,r’)|?

Potential used for strong interaction:

2.5
B O Exp V(x) [MVBV/ ¢
2— i : :
- Rg =2.016+0.010 fm — FIt -,‘ — o L_1S_1
N N =1.005+ 0.002 ' r— ], = 0,5 =0
—_ 1.5 .‘
X L
g =
O -
1_ 5 OO SO .
B z [fm]
0.5—
N PRELIMINARY
| ! \ .
0 100 200 B. D. Day, Phys. Rev. C 24, (1981), 1203
k [MeVic]

Lt [1-2 - M0 v ()] = 0| 5() ~ exp(—r2/4RY)

) | Re=2016+0.010929 fm
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MU

Source Size

Starting point: Correlations between baryons - protons

Extract one dimensional source parameters

.. as a function of k1 = |P1T + paor

C(k)

C(k)

350 < kp < 733.3 MeV /c
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Model comparison

Source comparison to transport theory (same potential used than for the fit):

In one dimension:
Calculation of UrQMD correlation function with help of CRAB

2.5

@)
UrQMD+CRAB
p. > 0,0 € [15°,85°]

\\|||||\||||||‘|||||

| |
0 100 200

k [MeV/c]

13



Model comparison s

MU HADES

Source comparison to transport theory (same potential used than for the fit):

In three dimensions:

mde)

C(k

| | | 1 1 | 1 L | L 1
200 300 400 500 0 100 200 300 400 500

k., [MeVic] K4 [MeV/c]

Oexp
UrQMD+CRAB
p. > 0,0 € [15°,85°]

|:> UrQMD gives a good

source description for protons

Iong)

C(k
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Interaction A

1y HADES

Strategy of analysis:

C(P,a) = 53y = [ dr'Se ()6, )7
.

2.

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

A4

15



il

1y HADES

Select A’s with large purity — different cut combinations to investigate systematics:

A
Hy = S
| - (combo 1) Purity = 525 (20)
O
E Qid,re < 0.1
— 60 [VerDistA > 7 mm
O 50 VerDistB > 15 mm N(A) = .':15154‘-1-3(52
= 7" VerDistX > 52 mm c = 3.0 MeV/c
S 4F MTD < 10 mm S/B = 6.2
— i Purity = 86.1 %
% 30[
N
3 20 —
O
10—
-l__ 1 | 1 | 1 | 1 | | 1 H_Hl_h\_ﬁ\l | | X‘IDS
!I).U 1.1 1.15 1.2

Mo, [MeV/c?]

H: Interaction A
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b: Interaction
Select A’s with large purity — different cut combinations to investigate systematics:
A . <
| e (combo 2) Purity = 525 (20)
0 igre < 0.1
o ;VerDistA > 7 mm
E’__ 40 ff/erDistB > 25 mm N(A) = 27’3?7’32
= [VerDistX > 57 mm o = 3.1 MeV/c
= g9 MTD < 10 mm S/B = 8.6
—_ 0 Purity = 89.6 %
5 L
c 20—
- |
S
O 19 N
7 — x10°

| 1 | 1 1 1
?.05 1.1 1.15 1.2

M, [MeV/c?]
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O Interaction
Select A’s with large purity — different cut combinations to investigate systematics:
A . <
| e (combo 3) Purity = 525 (20)
30 aigre < 0.1
o HVerDistA > 10 mm
© 25 VerDistB > 28 mm N(A) = 177893
= oo VerDistX > 61 mm c = 3.2 MeV/c
S ““F MTD < 10 mm S/B =123
~— - Purity = 92.5 %
= 15
2 F
S5 10F
O —
O u
S
-l__ 1 | 1 1 | 1 1 1 }:103
?.ﬂ 1.1 1.15 1.2

M, [MeV/c?]
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C(k)

C(k)

Interaction 7N
Again corrections: Influence of long range correlations for all three cut combinations:
combol combo?2
4= a-
3.5F Ex 3.5F Ex
O Oexe
250 — LRCfit 25 — LRC fit
2 S 2
15 %3 1.5 Qg:)
1 W 1: %WMJW
0-55— 0.5F
0 100 200 300 400 500 % 100 200 300 400 500
k [MeVi/c] k [MeVi/c]
combo3
ap
350 O Exp Model the long-range part with a polynomial
? _ 2
ZZE — LRC fit Circ = 1+ ak + bk* Kk € [250,600] MeV /c
27
151 90
A W
1;%) %QWWM}MN
0.5)
0 100 200 300 ~ 400 500
k [MeV/c] 19
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Interaction

Again corrections: Influence of long range correlations for all three cut combinations:

combol

4:

C(k)
wﬁ%
i S

[}

(wo)

CcC
. ©

. | . | . | . | .
0 100 200 300 400 500

k [MeV/c]

C(k)

F . | . | . | . | .
0 100 200 300 400 500

k [MeV/c]

combo?2
4
3'5? O Exp
2:_ - LRC fit
5 1:?(? W sim (GiBUU)
o.sé[

. | . | . | . | .
0 100 200 300 400 500

k [MeV/c]

Model the long-range part with a polynomial
Circ = 1+ ak + bk? 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

51 O combol
4Z
- combo?2
_ v
3%
‘6‘ e $ . combo3
20T »
ERN
15._ ............... :':ﬁi'.'
[]:— ! | ! | ! | ! | .
0 50 100 150 200 250

k [MeV/c]

Lednicky‘s model:

S
C(k) =1+ ¢ ps [% |fR§))

2 dg
(1 — W) + 2\/—RAIJ (QR ") — RAP (QR

")

21
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Apply corrections — investigate systematics:

Correlation function after application of all corrections

51 O combol
4§ v combo?
x 3.
S e $ . combo3
21# +
- =+
15._ ............... :':ﬁi'.'
o " s0 100 1s0 200 250
k [MeV/c]
Lednicky‘s model:
S 2 ds A
Clh) =T+2sps [% A (- am) + 2SR @RS - ol ﬁf")]

Can we use the pp measurement to fix it? 22
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Source function extraction from transport theory (UrQMD):

Interaction

Improve UrQMD for the scattering of Lambdas

T

500—
400
i —Data
g 300 —AQM
[ — -
0 L
< 200~
© : JEF
100
- T&Z _ Ap = 37 me
% 2

1 P, [MeVic]

Improvement for low energies necessary

HADES

x10°

23



Interaction

Source function extraction from transport theory (UrQMD):
Improve UrQMD for the scattering of Lambdas

- Nucl.Phys. A915 (2013) 24 — 58

500 NLO

Parametrization
included by us

; S S N =+ x10°
1
P, [MeVic]
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Source extraction from transport theory (UrQMD) - LCMS:
Co(k) = [ &' Sp(x')|o(k,x")?

Proton-Proton

105
10°
103

102

Counts

10

-
(=]
w0

10°

- -
X %

!TITWl IIHIITq \HIHTI'l IIHI|T|'| \HIHTI'l

Counts
3

—

out’PP

IHII\‘ \IIIIITq \HIHTI'l IIHIIII| IIIII|'|T| IHHHIl

ofr ) =2945fm £

Counts

Interaction

10°
10%
10°
102

10

k < 30 MeV/c

ofr_ ), =3210fm §

IHIHTl'l IIIII|T|'| \Hl\m'l IIIIIIII|

I'ITI'I'I'q

]

long’ PP

ofr_ ) =3.319fm § 3

Counts

\I\I\Il III\IﬂT‘ IIIIIIII‘ \Hllm'l IIHIIII| T
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Source extraction from transport theory (UrQMD) - LCMS:

O (k) = [ ' Sp(')|o(k, )2k < 30 MeV/c

/0\

10°E 10°
“olr,, ), = 2514 m S0l ), = 2620 fm
o 1= o 10°c
it F it E
c = c C
= B = -
O 10 O 10
o B o =
1 §_ 1 ? t" |
C “\.“."‘l“..l‘..\.
40 Lo 20 0 20 40
/207)
3 — ‘,““ ....'-...
107 R 10°: kg
= 0(r )y = 2908 fm o ;G(rom),_p=2.415fm
n 19E n 10°%
et C p et =
S c |
: - 3] : I
O 10 O 10L
o = i O I
= .1-1' L
1 E_ ﬁ& [ 1 E_
E | L L [ Ap c [ | I M
-40 - 20 40 =40 20 0 20 40
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Source extraction from transport theory (UrQMD) - LCMS:
Cob(k) = [ d3r'Sp(r)|o(k.T')>  k < 30 MeV/c

10°E 10°
Sofr, ), = 2514 fm Eolr,,,),, = 2620 fm
» 1025— 3
wid £ E
c - -
- - B
O 10L =
o B =
1;— 8 (0] 4T
S A1l | Ry 2+ R R, L
.40 3 20 40
Pp __
R, = 3.175 fm
3 —
b %c(rlong)l_p=2.908fm RAp — 2.655 f Bl = LG
B inv =~ < m
w 1=
b C & E
c - b -
: = HE (—
o 10 @ L
o = C E
1:— (‘l:i(:;\i]l ;_
-40 - 20 40
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Comparison to models:

Rg = 2.016 £ 0.0107 193 fm

A s
R.” = R}’ /RF
RF =1.196
4; NLO \2/NDF = 5.59
3-5:_ ............. LO ?/NDF =6.91
3 :; % Nucl.Phys. A915 (2013) 24 — 58
E" 2.5 ;
' [
o 2
1.5
1:— T O — o
Osi \ | \
0 50 100 150 200

k [MeV/c]

HADES
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Summary & Outlook N
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Summary

* Source size of emission region in pNb system
determined with pp-pairs

* Knowing the source size allows to study final state interactions
of not well known type

Outlook

* Investigate systematics of the reduction factor
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Comparison to models:

Rg = 2.016 £+ 0.0107) 198 fm

Ap-= Ap
~ Nucl.Phys. A915 (2013) 24 — 58
Ap PP M T T T T T T
}%(; == }%(; /hfff?
RF = 1.196 & Sechi-Zom et al.
41— L o Kadyk et al.
- NLO Xz/NDF = 5.59 O Alexander et al,
3.5 L
3; ............. LO XZ/NDF:6.91
o 1 200 -
2 2.5?
= o,
O 2
1.5
1 NE——
- 100
0'5% \ ! | ! | !
0 50 100 150 200

k [MeV/c]

0 i i T | | |
100 200 300

400 I 500 . &00 I 700 I 800 I 00
P, (MeVic)




