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In-medium @-meson width
extracted from proton-nucleus collisions

Andrey Polyanskiy (FZ Julich/ITEP Moscow)
for the ANKE collaboration
MESON 2012, Krakow, June 15 2012



Scope of the talk

" Physics motivation
" Experiment at ANKE
" Data analysis

" Results and discussion
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@ in free space

" Meson spectral function:

1 r./?2
Sim|== 2 1
m, — pole mass, I')—meson width

m, = 1.0195 GeV
T, = 4.26 MeV

(PDG 2008)

" ¢is a long-lived meson:

A= ho/T" = 44 fm >> R(Au)
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@ in nuclear matter

3k

" Meson spectral function: I
§'(mi=1 Ty—2ImU,,|/2
T (m—|m,+ReU,,, 2+((\F0—21m Uop /2"
v*
I

= A general picture of numerous studies in different approaches,
e.g. effective Lagrangians and QCD sum rules

- mass modification is small (not more than 10 MeV/c?)

- main medium effect on the @is significant increase of its
width (up to an order of magnitude)
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Methods of the ¢ in-medium width measurement |

= Study of the meson spectral function: a measurement of low
momentum @mesons:

- p—-e*'e (BR=3:10%
- p— K*'K" (BR = 0.49, K" FSI, hadronic potential)

o  —150
- £ | 3
" Experiment S g
40
KEK-PS-E325: 2 | s !
50

Reaction: pA- @X, ¢ e*e

p-Energy: 12 GeV

Targets: C, Cu
Result: at p,=0.16 fm?

Am/m, =-3.4%
*r,=3.6 - =8 MeVv
for <p,> = 1.8 GeV/c

[
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'K%"ﬁ“:.lf.:‘??"?@, WP . ..(_"‘E‘df—ﬂ"?ﬂ s
0.9 1 14 1.2 0.9 1 ‘I 1 1.2
R.Muto et al., [GeVic?] [GeV/ic?]
PRL 98 (2007) 042501




#) JULICH

FORSCHUNGSZENTRUM

Methods of the @ in-medium width measurement Il

= Attenuation measurement of the ¢ flux: analysis of the target
mass dependence for the ¢ production cross section

The @ survival probability D in the nucleus matter rest frame:

I'"\p,
D =exp —f dl (pq, p(r))mo , p(r) —local nuclear density.

P,
" EXperiments

Spring-8/LEPS: JLab/CLAS: COSY/ANKE:
Reaction: YA - @X, - K*K-  Reaction: yA - @X, ¢ e'e Reaction: pA- @X, ¢- KK
y-Energy: 1.5 - 2.4 GeV y-Energy: up to 4 GeV p-Energy: 2.83 GeV (g,,x76MeV)
Targets: Li, C, Al, Cu Targets: °H, C, Ti-Fe, Pb Targets: C, Cu, Ag, Au
Result: o* =357, mb Result: o* =16 - 70 mb Result: ...

* =~ 100 MeV for <p,> = 2.0 GeV/c

for <p,> = 1.8 GeV/c

T. Ishikawa et al., M.H. Wood et al.,

PLB 608 (2005) 215 PRL 105 (2010) 112301
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ANKE - forward angle magnetic spectrometer at
Internal target position of COSY

Negative ejectiles
Pd — positive detector system (™, K°
Nd — negative detector system 1m

o : ) Nd
Fd — forward detector system — Cerenkov detectors \
TOF-stop . TOF-stop
D1 TOF-start H / ” DS
| N .) MWPC6,7 [
: 1

MWPC3-5

TOF -start
MWPC1,2

(@ momentum (0.6 — 1.6) GeVl/c,
and angular range: 0°< O(ps 8°

Positive ejectiles
(w¥, k%, p, d, ..)
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Analysis: K* selection

" Delayed Veto Technique
" TOF Stop-Start

Events

w/o delayed veto

0 200 400 600
TOF(Veto-Stop) [44ps/channel]

400 500

200 300
TOF(Stop-Start) [44ps/channel]
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Analysis: @/K*K- pairs identification
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_ PA - K*K'X
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TOF(Nd) - TOF(Pd) [ns]

20 8 6 4  2 0o 2 4
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400} ]ll 1 _
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1 I 1.02 1.04
K*K invariant mass [GeV/c)]
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A-dependence of the @ production cross section

" A-dependence in the form

A
T 12 o o
R=—2= 2 T,= d)N T', —nuclear transparency ratio

* Absolute and relative normalization of the ¢ production cross
section — use of the know pion data

relative normalization:
A A cC _A A
op Ny N, o, o
C~ AC ~+A _C - C
Gd) Nd) Nn g, 0,

a_=0.38 +/- 0.02

(04
é) g : p = 0.5 GeV/c, 8 ~ 0°

J. Papp et al., Phys. Rev. Lett. 34 (1975) 601,

V. V. Abaev et al., J. Phys. G 14 (1988) 903;

Yu. T. Kiselev et al., Preprint ITEP 56-96,
Moscow (1996).

10
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Transparency ratio R for <p> = 1.1 GeVicand
comparison with model calculations

Model 1 Model 2 Model 3
Valencia/E.Oset et al. Moscow/E.Ya.Paryev Rossendorf/
MC & Chiral Unitary Nuclear Spectral B.Kampfer et al.
Approach Function Approach BUU
< < <
g R g
d & &
[ 10 -
Prediction 5 15
=20 MeV/c? , I »
C .  CuAg At C . CuAg Au
10° 10°
A
V.K.Magas et al., PRC 71 (2005) E.Paryev, J.Phys. G 36 (2009) H.Schade, B.Kémpfer (private
065202, 015103 communication); cf. PRC 81 (2010)
V.K.Magas, L.Roca (private 034902:

communication)
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In-medium @-meson width for <p > = 1.1 GeVic
at normal nuclear density

" Results
Model 1: ' = 51*12, MeV/c?
Model 2: I = 36*° . MeV/c?
Model 3: 0%, = 15.8"3°,, mb = I =40 MeV/c?

[ =36 — 51 MeV/c?

" Comparison with other experiments

150

& I
= | Model 1
% " Model 2 _
100 Model 3 SPring-80 |
|~ PLB695(2011) 74

[ # JLabl  Theoretical prediction

: T————  +—  D.Cabreraetal.,
KEK & - NPA 733 (2004) 130

ANKE P, [GeVic] 12




Momentum dependence of the transparency J JULICH
ratio R and comparison with model calculatlons
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Momentum dependence of the in-medium width
I' and absorption cross section c*(pN

In the low-density approximation: Ff,?b(p) =Po G;;N%
:\-5-150| L B a [
S . Model 1 £ 501 -
= Model 2 *05405
100 Model3 i : |
I | 30F -
50l | i+%i ) 20~ i+¢i -
: $¥%‘+‘* | 10 i - :
%s 115 2 %s 1 15 2

14
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Double differential cross section for @ production

E 5{}:
> El:
(2 1 40f
% ) 303
% 1 20f = Direct production (pN - pN@)
T 1t dominates forp >1 GeV/c
N 10} ®
=]
Frimmbreeebeebeeb ] obeobeerbeebee S L Eycess in the low momentum part
] 80p - PN - (NN, w(n)N - ¢N
I -GN - ¢N
4 [ - (ﬂ\l — (pX
] a0f - ...
[ Tap 7 :
ot T T ol 06 08 1 12 14 |1.|6l_

06 08 1 12 14 s
p¢ [GeVic] p¢ [GeVic]

+ common systematics ~ 20 %
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Momentum dependence of the in-medium width
I' and absorption cross section °*¢N

150

o A S B = F
(&) L Q B
> | Model 1 £ 501 ]
2 | Model 2 En |
= ool Model 3 | 1 ©40- .
00r SPring-8] | i SPring-81 ]
_ | 30 -
50 +{i 420 iﬁi .
BT e R e S

= i B (VS
' KEK: | -
O A T TR N NSO SN NS AN SO SN SN N O T T R S AT T N S A SR S SO R
0.5 1.0 15 2.0 0.5 1 1.5 2
p, [GeVic] P, [GeV/c]

Model analysis evidences for an increase of the ¢ absorption in nuclei

PRC 85 (2012) 035206
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Summary

Momentum dependence of the ¢-meson production under
forward angles has been studied at ANKE:

" Model analysis evidences for an increase of the @ absorption in

nuclei

" Differential cross sections are not completely reproduced by

model calculations in the low momentum part




Thank You!
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Chiral symmetry is spontaneously broken in vacuum

There are non-degenerate chiral partners, e.g.:
m(138) and 0(400)
p(770) and a,(1260)
N(938) and S,(1535)

" Non zero order parameters (measure of how much the symmetry is
broken):
- quark-antiquark condensate <qg> = -(240MeV):;
- pion decay constant f =93 MeV

" Pions are the Nambu-Goldstone bosons. Due to the explicit chiral
symmetry breaking (m, = 5 MeV, m, = 10 MeV) the pions aren't massless.

=  Gell-Mann — Oakes — Renner relation:
m: £ =2m <qg>m, - 0ifm - O

20
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Properties of <qq> and f_in nuclear matter

| %, partially restored |

Hatsuda et al, PRLSS (1985)158
Weise et al, NPA 553(1993)59 Ratti et al, PRO73(2006)014019
S. Klimt et al, PLB249(1990)386

With T and p dependence of the type:

f;(T,p) <0 |q§ 10 }T,p -1 TE Oy 4 ::gg}:;aaag.
ff (0) <0l qa 10 >0 - 8 ff mﬁ HZ PT- PLB 357(1995)199

from C.Djalali's talk (Hadron 2009) »,
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Invariant mass spectra for six momentum bins

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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C 0.600 < p <0.825 2501 Au 0.600 < p < 0.825 250 0.825 <p < 0.9507
300 B 200 1 200! ]
2001 B 1501 - 150| 3
100F 1 100F * 3
1001 q
50 B 50| —
S N REELN
| 1 L L Loy L 1 P L L L L I L L L L L] ol L L 1 Lo
0?98 0.99 1 1.011.021.031.041.051.06 .98 0. 1.011.021.03 1.04 1.05 1.06 (*.)98 0.99 1 1.011.021.031.041.051.06 &98 099 1 1.011.021.031.041.051.06
M. M. Mo M.
T T T T T T T T T T T T T T T T T T T T
4001 2501 0950<p<10757  250F 1.075 < p < 1.200
1 soof ] 2000 1 2000 E
150 B 150F 3
3 2001 ]
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100 50F E 501 .
L L L 1 I v (e 1 L Lol L 1 L | 1 1 l\‘i“ s i ] ! I L‘_,\I—. I A i
1 1.011.021.03 1.04 1.05 1.06 980:96 ~1"1:097.02 1,03 1.04 1.05 1.06 0:980.99 1 1.011.021.031.041.051.06 98098 "1~ 1:011:021:03 .04 1:05 1.06
M. M. M. My
T T T T T T T T 500 T T T T T T T T T T T T T T T 250T
400~ 4 250 !
1.200 . 1.325 <p < 1.600
<p<1325 2000 p . 1.200<p < 1.325 200F
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1500 3 1sop
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1001 1 100
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Po80:96™ 7101102 1:03 104 1.05 .06 o80:98™" 7101 1:021:03 104 1:05 1.06 o80:98 1901 7.021:03 704 1:05 706
M. M. M.

22




Relative normalization

" Transperancy ratio R
A ArA A

12 N, N o
A nC nC LC?
N, N> o,

R

= EXponent o

A
Gn

¢ |12

5?’- Oﬁj\ | T T T T | T T T T T T T T T T T T T T T \i

- a.=0.38 +0.02 1 ]

0.5_— B

ol -

e -

l [ v PNPI .

- 1 " TEP

0.2~ | \ | 2.83‘GeV | | 7]
1||‘2||||3||H4I ‘SIII

E, [GeV]
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" p, = 0.5 GeV/c
0, ~0°

J. Papp et al., Phys. Rev. Lett. 34 (1975) 601,

V. V. Abaev et al., J. Phys. G 14 (1988) 903;

Yu. T. Kiselev et al., Preprint ITEP 56-96,
Moscow (1996).

23



Absolute normalization

" Double differential cross section for @ production
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Al 12 A -1
d’o 1 N7 N | do
dpdQ | ApAQ) e, L e \dpdQ
* Double differential cross section for 1t"production
o(m) = o(m)*r[o(m)/o(rm)]
%80 § 2 ¢ E
M o(T) e rlo(m)/o(m)] -
3 60 _ 5F _
= i
g | 4r .
2 40 s - 2.83 GeV
s | . 3
g | :
© o0l 4 2
I 2.83 GeV 15
s s s s 257335 s
T, [GeV] T, [GeV]
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Models
Model 1 Model 2
Valencia/E.Oset et al. Moscow/E.Ya.Paryev
Local fermi sea approach * Nuclear specteral .
Direct production function approach .
PN - pNo = Direct production
Two-step production PN gN(p _
processes _FI’_” - t(P St
PN — AN, AN - NN@ e production
In-medium @-meson width EN L omX, N - N

predicted within the Chiral

Unitary approach (I = 20 Calculations for different

4 values of the in-medium
MeVic) width I in the @rest
frame
V. K. Magas et al., PRC 71 (2005) E.Paryev, J.Phys. G 36 (2009)
065202 015103

D. Cabrera et al., NPA 733 (2004) 130
V. K. Magas and L. Roca, private
communication
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Model 3

Rossendorf/B.Kampfer et al.

BUU Rossendorf

Various one-step and
two-step ¢-meson
production processes

Attenuation of ¢-meson
flux described by the
absorption cross section
O—*

W

H.Schade, B.Kampfer (private
communication), cf. PRC 81
(2010) 034902.

= All models take into account the ANKE kinematical cuts (acceptance)

" o(pn - pn@)/o(pp - ppY =4

L.P. Kaptari and B. K&mpfer, EPJ A 23 (2005) 291

25



#) JULICH

FORSCHUNGSZENTRUM

Observable line shape

82
K" e" =
=
g
P, Y o < |
K,e
_ 100
Outside i
component >
Inside 50__
component \ Inside x 4
K,e I
AT s S, SN

0.98 1 102 104 106
Invariant Mass
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