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®-meson nuclear transparency
In proton-nucleus collisions

Andrey Polyanskiy (FZ Julich/ITEP Moscow)
for the ANKE collaboration
STORI'11, Frascati, Octorber 11" 2011



Scope of the talk

* Physics motivation
= Experiment at ANKE
= Data analysis

» Results and discussion
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@ in free space

= Meson spectral function:

s(m) 1 I',/2
m)== ;
. (m—m0)2+(F0/2)2

m_— pole mass, FO — meson width

m_ = 1.0195 GeV (PDG 2008}

I' =4.26 MeV

0

= ® is a long-lived meson:

A, = hc/T" = 44 fm >> R(Au)

dec




#) JULICH

FORSCHUNGSZENTRUM

® in nuclear matter

=« Meson spectral function: "
AN

5" (m)=d (Ty—2ImU ) /2
" (m=(my+ReU,,)) +((T,—2ImU, )/2)"
1—-*

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

- mass modification is small

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

= Study of the meson spectral function — measurement of low
momentum @'s:

-de'e (BR=310%

- ® ., K'K (BR = 0.49, K FSI, hadronic potential)

= EXperiments:

KEK-PS-E325:

Reaction: pA- ®X, ® - e'e
p-Energy: 12 GeV

Targets: C, Cu

Result: I*/T" = 3.6,

=11 MeV for <p_>=1 GeVic
Am/m_ = -3.4%

at p:po \

By<1.25 (Slow) 1.25<Py<1.75

R.Muto et al.,
PRL 98 (2007) 042501 0

v /ndf=83/50
09 1

11
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Methods of ® 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:
o I ;
D:eXp _f dl (pfl) p(r>>m0 ,
’ Po

p(r) — local nuclear density.

= Experiments:

Spring-8/LEPS: JLab/CLAS: COSY/ANKE:
Reaction: yA - ®X, ® - K'K~ Reaction: yA - ®X, ® - e'e’| Reaction: pA- ®X, ® - K'K
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 TarQEtS: ZH; C, Ti'Fe, Pb Targets: C, Cu, Ag, Au
Result: o* = 35"17_11 mb Result: o* = 16-70 mb Result: ™ = 33-50 MeV
™* =100 MeV for<p,>=1.1GeVic
for <p ,>=1.8 GeVi/c
T. Ishikawa et al., M.H. Wood et al., A.Polyanskiy et al.,
PLB 608 (2005) 215 PRL 105 (2010) 112301 PLB 695 (2011) 74
. s Py -
In the low density approximation: 17, (po) =—0¢ nPo

E 6
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ANKE - forward angle magnetic spectrometer at
internal target position of COSY

Negative ejectiles

Pd — positive detector system (m= € Nd
Nd — negative detector system m = \

_ 1 Cerenkov detectors —— -
Fd — forward detector system —_— Pa . TOF—sfop

\:::l:/::::ﬁ! ///
D e D3

—— TOF-start 4 ) —
[ : e — MWPCE,7 |- -

MWPC3-5

TOF-start

MWPC1,2 Scintillation

counters

® momentum (0.6 — 1.6) GeVlc,

and angular range: 0°< ©_ < 8°
Positive ejectiles
(mt, K%, p, d, .)
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Analysis: K" selection

» Delayed Veto Technique

= TOF Stop-Start g 50 '
@ 10° £ .
104 w/o delayed veto
103 \
1022 T 7 '\|r T .=

delayed
Ay by |N |
200 400 600
TOF(Veto-Stop) [44ps/chann

200 300 400 500
TOF(Stop-Start) [44ps/channel]

8
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Analysis: ®/K'K" pairs identification

._.
Tn
=]
=)
I

Counts / 1 MeV

~ pA- OX

—_
=]
(=]
=

PA - K'K'X
| - o
] background

TOF(Nd) - TOF(Pd) [ns]

600

-10 8 6 4 ;2' 0 2 4
TOF(K) - TOF(K*) [ns]

400

7000-10000 @'s
. for each target
P st o] (C, Cu, Ag Au)

I I B Bl
1 1.02 1.04

K*K  invariant mass [GeV/c)]

200 --
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A-dependence of ® production cross section

= A-dependence in the form:

T A o’
R= = c A= N T — nuclear transparency ratio
TC A ()'(I) A Oq) A

= Absolute and relative normalization of the ® production cross
section — use of the know pion data:

relative normalization:

A A C A A a T[+. — — NO
- ' p=05GeVic,6~0
O(P — N(P Nﬁ OT[ OJT — A O(n:O.38 +/- 0.02
C C A C C
J. Papp et al., Phys. Rev. Lett. 34 (1975) 601;
OQ) N () N T O T OT[ 12 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: experiment

ANKE((preliminary)

A e S .
4\0906 mcuC
§0 A AgC ]
gos #+++ ® AuC _
0.45 -+— —
: +++ rt }
0.3 ‘+‘+++ —

0 5: + —:
R T e I S R Y

p [GeV/c]

11
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Transparency ratio: experiment and models

— Valencia/E.Oset et al.
ANKE((preliminary) MC & Chiral Unitary
Approach
c?\065_ LI L B B Lfi)” T
o [ . © model 1 Cu/C
<2060 mCuC - 107 roro—o—057
© o ] T PO 1
XO.SS; A AglC 3 806f W_Drna—ﬂ— 3
; F ® Au/C ] TosE wz 3
= 0.5F = e 4 s
S F ] 0.4F TS e o
o C 3 *
045¢ ] =2 : D. Cabrera et al., NPA 733'(2004) 130
0.45— ‘%7 —f 06 08 T2 Na [1‘; wcl]S _ p=025p, :
. ] 001+ =
0.35— . . T T T T T T o i — ]
B ] ‘E‘Q ! Agcl | : p=0.5p ]
0.3 + E S P = ORI | |
. __+_+ ] 505_ ——O—rO~+0+0- i 1] < ~ -0.02 p=0.75p, .
0.25F + = =y oo E _\
. | | I 1 ] To4F — A2 = a P=p, =
02 o T T T T e 03— PR -0.03- 8
p [GeV/c] oo —EEE ] i
0.6 08 1 12 Mp[égwcllg _0041..|...|...|...|...|...|...|...|...|..._
¢ 0 200 400 600 800 1000 1200 1400 1600 1800 2000
06 \ P, (MeV/c)
o e
.51 D . .
2 o roomoro Prediction: 28 MeV for ® at rest for p=p,
NO4E g1 7

(
D

o

02F —o— o 4
PRI

0.1
1 1 1 1 1 1
06 08 1 12 14 16 18

P, [GeV/c]

V.Magas et al., PRC

71 (2005) 065202;

L.Roca (private 12
communication)
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- Valencia/E.Oset et al. Moscow/E.Paryev
AN KE(preIImlnary) MC & Chiral Unitary Nuclear Spectral Function
Approach Approach
G .65 T ] 598 508 A AR RRa
o C 3 ° model 1 Cu/C ° model 2 Cu/C
<06 E Cu/C b7 coro—o—0.57 7 ]
o8 R I S s S L R
;' - ® AuC 1 s wz st —o—73 4
= 05F + 3 e y 120
S F ] 04F %w“*ﬂ’”_*— 3 04F 1
0 0.451- E o : 03 g
0~4§_ _; 0608 T2 T [l‘; v 0608 T2 14 (L,ewcjs
0353_ + _f 50T A P 59T T A P
F %‘ ] N g N &
03:_ + _: ;ﬁ.ﬁ— o 0.5 ;ﬁﬁ—
0255_ +++ _E :&;05 RS o—o—1 505— —o—30 ]
0.2 I0.6I I I0.8K - 1 - I1.2l I1.4I I I16I 0.3 _b%w% a4 0.3 E
p [GeV/c] ook o 1 02 1
0608 T2 l‘l4p¢[élgwc']8 0608 T2 1.'4%[&'2\”01]8
5060 T T T T T 50.6r T T T T T
© Au/C o Au/C
“gﬁ.s— %+0.5— “gﬁ.s— E
§0.4 o o1 §0.4— +@%%—0—30 3
l:‘:0.3‘ ‘N;A_Z 1 z0.3‘ ‘;m’t‘; B
02 —MM_‘% o4 02f 12
0.1 oo™ 9 0.1 3
06 08 T2 14 L6 18 06 08 1T TT2I4 L6 18
P, [GeV/c] P, [GeV/c]
V.Magas et al., PRC E.Paryev, J.Phys. G
71 (2005) 065202; 36 (2009) 015103
L.Roca (private 13

communication)
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Valencia/E.Oset et al. Moscow/E.Paryev Rossendorf/

AN KE(preIImlnary) MC & Chiral Unitary Nuclear Spectral Function B.Kampfer et al.
Approach Approach BUU
S .65 T T T T T LA B B L N B 508 T T T T 508 T T T T 508 T T T T T
be C ] ° model 1 Cu/C ° model 2 Cu/C ° model 3 Cu/C
<060 mCuC - o7t roro—o—057 To7F ] %07F ]
%O 55;_ A Ag/c _E 506— —O— ._D_:_D_n—D—l §’OA6— O O ’—O—‘30 - L:_’()Aﬁ— '—O—:_o_:-<)1_oq .
NG F ® Au/C 7 "I‘Eos— —a—2 "Iéo.s— —o—73 3 ‘%0.5— —A 10 3
Qs = Man 50 =230
:Fr “F + a1 0.4 ._@_;_4}_;—#—'4 — 0.4F - 0.4F 30
2l - _+_ = IS cn s
0.45F ] 0.3F 3 0.3F E 0.3F E
0.45— % } } —f 06 08 1 12 |A4p¢ [ég wcl]8 06 08 1 12 mp0 [hgw (:1]8 06 08 1 12 1A4p¢ [égw clls
0353_ _f 6‘0.7 T T T T T T L3“0.7 T T T T T T 5‘0./ T T T T T T
c ‘ﬁl— ] g‘ Ag/C g Ag/C ;\:’ Ag/C
C . 0.6F o—0.51 0.6 B 0.6F B
0.3E ++ ] 3 | —o—r0-0w0- 1 3 Foro0s 30 3
0.25F ] ~OSE oo 4 oSk E ~OSE ~O- e
25 + = w o W )t 00 10
F | | I I I 1 ] To4F ‘;\/&%\—A— 2 1 Co4f _D_BO_ To4f g o151
C L1 L1 L1 L1 L1 L A
02706 038 I 12 14 16 of T L 4 oaf ; o M 630
p [GeV/c] 02F el 3 02F 3 02 3
06 08 1 12 M”o &St 06 08 1 12 1.4p° vt 06 08 1 12 1.4po vt
du T T T T T T du T T T T T T ,_;-é).u T T T T T T
© Au/C © Au/C © Au/C
%5k — o051 %5k ] %bisf 7
2 | o rooor < oot o 30 <
w04F o1 ~odE | or0TOTO 0= K e 3
g o g g
|:‘:03‘ _N\_A_Z ] z0.3‘ ‘;%73 B mO?‘ %w %(5) ]
N ——0 120 Ay
02p = oot ] 0.2¢ 7 02F i —25
A
0.1 E 0.1fF E 0.1F E
0608 T2 T4 6 is 0608 T2 A Lo is 0608 T T2 T4 Lo is
P, [GeV/c] P, [GeV/c] P, [GeV/c]
V.Magas et al., PRC E.Paryev, J.Phys. G H.Schade, B.Kampfer
71 (2005) 065202; 36 (2009) 015103 (private communication);
L.Roca (pnvate cf. PRC 81 (2010) q_§4902

communication)
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Transparency ratio: experiment and models

Valencia/E.Oset et al. Moscow/E.Paryev Rossendorf/

AN KE(preIImlnary) MC & Chiral Unitary Nuclear Spectral Function B.Kampfer et al.
Approach Approach BUU
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w [Nl oy ) w e =0
- forward acceptance Fosr -N:ﬁ—z 1 o5 73 ] o5 %%%g 1
b . ¥ 120 e 13
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« two-step production processes SONNTES o
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o / o ~ 0608 T2 1.l4p¢ [égw i 0608 T '1}4p;['égv‘/ 5 06 08 1Tz ‘1}4% ['ég‘;/ i
pn-pn®  pp-ppd
V.Magas et al., PRC E.Paryev, J.Phys. G H.Schade, B.Kampfer
71 (2005) 065202; 36 (2009) 015103 (private communication);
L.Roca (pnvate cf. PRC 81 (2010) q_%4902

communication)
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In-medium width r, and a*qm cross section

(preliminary)
Flab ( ) . p(b *
o \Po)="F OanPo
E
c“H];6(_)_I|\|I|II||\I.\ll.llllllllll 3 _I||I|II||||.|||.|I|II||\I T T _]
§ 140:_ Prehmlnary ] é 50:— Prehmlnary —:
§ | model dependent analysis of 1. g C -
e 120 __ the ANKE data ] o) L
8o 1 Moscow/E.P - 40r E
. e Moscow/E. ev ] L
—~ 100_— ° RossendoﬁB%aempfer et al. 7 B
- ® Valencia/E.Oset et al. . 30‘_ B
801 I
60" T a0 #H"++ﬂp -
40 . ﬁ ++i ﬁ
i 10— |
20— — i
0_ L | | 0_ Ll | L |—
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06 08 1 12 14(16 1.8 2 06 08 1 12 14 16 1.8 2
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r,* = 33-50 MeV (<p,>= 1.1 GeV/c, p_= 0.16 fm?)
A.Polyanskiy et al., PLB 695 (2011) 74
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Double differential cross section of ® production
(preliminary)
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In-medium width ' and o' cross section
(preliminary)
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Model analysis evidences for the increase of the ® absorption in nuclei
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Summary

Momentum dependence of the ®-meson production under the

forward angles has been studied at ANKE:

= Model analysis evidences for the increase of the ® absorption

INn nuclei

= Preliminary differential cross sections are not completely
reproduced by current model calculations in the low momentum
part




Thank You!
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Invariant mass spectra for six momentum bins
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Comparison with three model calculations -
®d in-medium width, and ...

& T T T 1.0
© - oo b ——— A |
& : —+— 10 abs, G,y = 40 mb Relevant features:
2 08} —— ¢Nabs= 15 mb o
] 1l e > lame | e two-step production
EI: 06 —i— ANKE data (prel.)
J - - o lo =
lost N\ ~~-o pn-pn®  pp-pp®d
| S SS T « forward acceptance
ji 03}
] 0.2}
- 4 | modelC
I 5i 0.0 1 1 L 1
i model B 0 50 100 150 200 250

A
A) V.Magas et al., PRC 71, 065202 (2005): MC & Chiral unitary approach

B) E.Paryev, J.Phys.G. 36 (2009) 015103: Nuclear spectral function

061~ 43 7
[ ] C) H. Schade, B. Kaempfer (private communication)
“r i (cf. PRC 81 (2010) 034902): BUU-Rossendorf
[ 8 ]
02f 120 _
0 — IS!(}I = .1(;0I I IIS‘O. = I2(I]0I =
A

r,* = 33-50 MeV (<p_>= 1.1 GeV/c, p = 0.16 fm?)
A.Polyanskiy et al., PLB 695 (2011) 74
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BUU-Rossendorf

(preliminary)
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