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COSY-Experiments:

A general overview and selected
results

February 11, 2014 | Michael Hartmann (FZ Julich)
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COSY Overview

Circumference: 183 m, max. beam momentum 3.7 GeV/c
Polarized proton and deuteron beams
Electron and stochastic cooling

EDDA

polarimeter

... the machine for hadron spin physics
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WASA: ABC structure
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Isospin decomposition of ABC resonance structure
Phys. Lett. B 721 (2013) 229

— pure isoscalar effect

If resonance in np system:
— effect should be present in np scattering

Most sensitive observable in np scattering:
analyzing power A and its energy dependence

—~ o
near O, = 90 &
First result:
corresponding signal
at resonance position

Further analysis

needed

J-PARC workshop
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WASA: CSB in dd — “He r° <J JULICH

£ ™ preiminary Probing hadronic effects of the u- and d-quark mass difference
8 105 4d — *He yy

s g e ?To"+ Charge Symmetry: u < d, subgroup of Isospin Symmetry

s } insensitive to charge difference

Go— Y| dd — He o: CS:0=0 08 0~ Ml #0

L T RS AT T S N |
o801 012 014 016 018 0.2
missing mass [GeV/c“]

sop Stephenson etal.: 0,,(Q=14MeV)=12.7+2.2 pb

85 prefiminaty | (pRL 91 (2003) 142302) O, (Q = 3.0 MeV) =15.1 + 3.1 pb
[ . . .
57 — consistent with s-wave 1r-production
15F
1ok I \l, theoretical analysis & prediction \l/
5— l - Contribution of p-wave at higher energies (Q = 60 MeV)
07~0% 06 04 02 0 02 04 05 08 K
e %% Experimental 3He/*He separation
S A= o preliminary | challenges: o,(*He n m°%) = 3-10% o (*He m1°)
= 600 out
500; ‘
ol . Pilot run: Otot, protim. = (118 £ 18, £ 13, £ 8 ) pb
F * { first differential cross section
1005_ Stephenson et al. )
| I — more precise data needed:

0 0.2 0.4 0.6

A 8 week production run with optimized setup (Feb/Mar 2014)
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TOF: Hyperon production < JULICH

COSY-TOF high statistic data of pN -> pKA — exclusive and kinematically
complete - allow examination of influence of N* resonances, coupled
channel effects, and N — hyperonviﬂteractiuns.

(see e.g.: EPJA 49 (2013)157, PLB 688 (2010) 142

ﬁﬁn 1-phase space
: : F ' > pK*A
- pp-> pK*'A 2 R Pp-> P
: Pooan = 2-7 GEV/C 3 Hl".'r@ + f Mﬁﬂ%“’x Ppean = 2-95 GeV/c
£ 1 ", K "4:
: "’(\%R o W
E * g‘ \ _j; - g plrﬁ}

OF g

E %

m2 | [GeVic!]

Separation of singlet and triplet scattering length

Feb. 11, 2014 | M. Hartmann J-PARC workshop 6




EDDA — ANKE: NN-scattering

Recent precision data (Ep elastic scattering; A))

AY [ ANKE

04—
0.3

02

0.1—
fast proton/AFD), ,

EDDA

slow protgn (STT) *5

0.3
02— ¢ i
.

0.4—* 1.6 GeV

Ay

0.3
0.2

0.1

EDDA

2.2 GeV

great impact on NN phase shifts (SAID group)
fundamental quantities for nuclear physics
Ongoing: double polarized measurements (np system)

Feb. 11, 2014 | M. Hartmann
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ANKE: Double-polarized experiments =~

ABS: Openable storage cell
(luminosity factor 5 more)

() Pn>np (A A

-> >

(i) pn > {pp}n (A parameter)

-> >

(ii) pp—=> K*Ap (C,y coefficient)

http://collaborations.fz-juelich.de/ikp/anke/proposals.shtml

down to 10 mm diameter,
about 85% polarization

Double-polarized experiments approved

Feb. 11, 2014 | M. Hartmann J-PARC workshop 8


http://collaborations.fz-juelich.de/ikp/anke/proposals.shtml
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Excess energy [MeV]
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COSY: KK/® pro-
duction (ANKE, ...)

(www.fz-juelich.delikp or
MH, PoS 057 (2011))

KK & ® production in pp, pd
& dd (world data)


http://www.fz-juelich.de/ikp
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ANKE: pp—ppK'K™ ate =51 MeV

Assumption: K'p FSI effect
f(q) = 1/(1-1aq), q: relative momentum
a: scattering length

“3-body-FSI” f(q1) X f(qz), | Y. Maeda et.al.,
PRC 77 (2008) 015204
la| = 1.5 fm

dcfdl'-.ﬂ,(.p ! dcfdl'-.ﬂ,(.p

10_1....|....|....|....|....
143 144 145 146 147 148
@ K p invariant mass [GeV/c]

v

=
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ey
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=

=

St

strong K'p and/or K'pp FSI is visible _z'.és' - TR Y i

K p p Invarlant mass [GeV/c®]
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ANKE: ppK*K™ production at £, = 108 MeV
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Enhancement Factor

ratio of exp. KK~ inv.
mass to MC (without

KK interaction)
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pp — ppK*K™
(total cross section)

o
o

\¢ IB1/BOJ2 = 0.3 2
2 1} 1 &
o 16
1.5}
1f
0'5: 24 MeV, ANKE
L 0,051&108 MeV
0 I B
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My [GeV/c?]

KK production amplitudes (1=0,1)
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effective aK_p=1 5ifm

/ 5COSY-11, oe COSY-ANKE-
" pp, K'K-, Kp-FSI E
phase space

Ll 1 1 ! 1 1 1 | L
0 50 100
Y. Maeda et.al., PRC 77 (2008) 015204 = [MeV]
A. Dzyuba et.al., PLB 668 (2008) 315
M. Silarski et.al., PRC 80 (2009) 045202, 88 (2013) 025205
Q.J. Ye et.al., PRC 85 (2012) 035211

Q.J. Ye et.al., PRC 87 (2013) 065203
J-PARC workshop
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ANKE: pp—dK*K°
a=(—1.04+11.2) fm

10%
Blia S

(do/dMesy) / (do/dM,.,)
1

dK® FSl is visible “ooB W
_ div FSlis visible [N
A. Dzyuba et.al., EPJ A 38 (2008) 1

Feb. 11, 2014 | M. Hartmann J-PARC workshop 13
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ANKE: pn—dK'K"
a=(—1.0+411.2) fm

=10¢ -

= | 42MeV<e<52MeV | 12 MeV < ¢ < 22 MeV
5 [ 0

N e [ [ |
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Y. Maeda et.al., PRC 79 (2009) 018201

10— B P B
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dK™ FSl is visible
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Proton & deuteron induced KK
production (world data).

- c f
pp — ppK'K g | ++ﬂﬁ
pp — dK*K® § +~H++
pn — diK- CEmY £ 4

S I+
—» pd — HeK'K™- £

PRC 75 (2007) 015204 + |
dd — ‘HeK'K~ | | ema -COSY

EPJ A 42 (2009) 1 YE ANKE, COSY-11, MOMO

: o -DISTO
v 1D-Z?I.II|’I*III|III|III|III
pd — 3He a,(980), WASA-COSY 0 20 40 & 8 100

Excess energy , MeV

L 'n BR=90%, weak signal (~1nb @ £=256 MeV, preliminary)
Chuan Zheng, PhD INP
L, K'K® BR=10%,

Feb. 11, 2014 | M. Hartmann J-PARC workshop 15
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% 76 MeV (new)
10 —
i ? . / : DISTO:
.0 only o, : higher PW,
/ ‘ no pp-FSI ?
10 -
§ 0,8 ANKE |
m DISTO -
0 20 | 4IO — 6|0 — 8|0 —
€ [MeV]

“Ss” + pp-FSI

Feb. 11,2014 | M. Hartmann
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ANKE: pp—ppP (differential cross
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sections) at €, = 18.5 MeV

close to threshold the angular decay
distribution must display a sin29¢K+

® in relative S-wave

transition from °P, (pp)-entrance

channel to 'S, (pp) final-state

clear effect of pp-FSI

Feb. 11,2014 | M. Hartmann
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ANKE: pp—pp® production at

/
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€p = 76 MeV ...

no acceptance correction

Q.J. Ye etal., PRC 85
(2012) 035211

Feb. 11,2014 | M. Hartmann
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“inside ®”
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... and final differential distributions
at 76 MeV

do
= < 2 akK 2 nK
o ' ) X [(1 — poo) sin 05 + 2poo cos ng} ,
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s |
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and final differential distributions
at 76 MeV

do/dp [ub/(GeV/c)]

do/dp [Ub/(GeV/c)]

Feb. 11, 2014 | M. Hartmann
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Op invariant mass [GeV/c?]

[ B Ll
.96 1.98 2.00

Q.J. Ye et.al., PRC 85 (2012) 035211
J-PARC workshop
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... and pp® total cross section dilemma

Q.J. Ye et.al., PRC 85 (2012) 035211
— 1 -1 7 fUI/
O
=
o Ps
107 :—
Pp
—>
Sp
10F Ss
| | | |

60 80

€ > [MeV]

Simplest way out: A ©p threshold enhancement leads to a significant
energy dependence of some of the A, , coefficients.

Feb. 11,2014 | M. Hartmann
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ANKE: pn—d® (differential & total < "-'"

cross sections)

Y. Maeda et.al., PRL 97 (2006) 142301
dcs/dQcpK+ 3(a- S|n2®q>K*+2b cosz®q,’<*)/87c Gt = a+b

o follows
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JULICH

ANKE: ®(—K"K") production in pA - 4 JGLIcH
®-width measurement

SPring-8 photo-production,

Method: Attenuation measurements of the @ flux later also by CLAS.

L (plr)) M,
Pao

@ survival probability in the nucleus matter rest frame:

D =exp —fj dl

In-medium width deduced from the target mass dependence.

We present the A-dependence of the
@ production in the following form:

A A
P T, E T o,
T, AgS A 4N
C Og O
nuclear transparency

ratio

Feb. 11, 2014 | M. Hartmann J-PARC workshop

P ( r) —local nuclear density

dominate KtK~ BR =0.49

experiment at ANKE ||»

Reaction: pA — @ X, via K'K~decay
p-Energy: 2.83 GeV (&, .\~ 76MeV )

Targets: C, Cu, Ag, Au

Momentum and (0.6 — 1.6) GeVl/c,
angular range: 0°=Q =8°

23
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® /| KTK™ selection
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Transparency ratios: #) JOLICH
experiment and models

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

MC & Chiral Unitary Nuclear Spectral Function B Kampfer et al.
MH et.al., PRC 8% (2012) 035206. Approach Approach BUU
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forward acceptance 00k —at T Ty il 225 |
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two-step production processes T .
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~ 4 [GeV/c]
pn—pn®”  pp—pp® V.Magas et al., PRC H.Schade, B.Kampfer
71 (2005) 065202; :E6P(azr(%loes\)/) 81F;q3633 G (private communication);
f. PRC 81 (2010) 034902:
Feb. 11, 2014 | M. Hartmann L.Rocg (Riyate v shop ¢ (2010).¢
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In-medium width I_ and a*¢N cross section

lab _ro _x*
LDA: g’ (po) =" 0o w0

MH et.al., PRC 85 (2012) 035206
C\-E-ISO|""|----|"-- o [T T
S ES0F 7
[o) > L
= ~Model dependent analysis of * be -
[, [the ANKE data 40 F ]

100 i SPring-8 | [ SPring-87
| Moscow/P.Paryev [ -

Rossendorf/B.Kaempfer et.al. : 30 i i
_ValenC|a/E .Oset et. al. | - ]
50 - i 4 20r i’ ]
! Hab [ i—*ﬁ JLab]
: b | 10f -

B KEK Eﬂ’ (*) i
O I T T T TR AN SR SR SN S N R S S A O I S SR T TR NN SR TR SN T N S T SN S
0.5 1 1.5 2 0.5 1 1.5 2
p, [GeVic] p, [GeVic]

significant momentum dependence

cf. A. Polyanskiy et.al., PLB 695 (2011) 74, (*) MH et.al., EPJ Web Conf. 36 (2012) 00011
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Double differential cross section of
® production

Excess in low

momentum part

Feb. 11, 2014 | M. Hartmann

C)]
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MH ot.al, PRC 85, 035206 (2012).
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+ common systematics ~ 20 %

J-PARC workshop
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ANKE: (non-®) K*K- production in pA4Ut/cH
- first look/preliminary!

0.2 < p(K*) <0.6 GeV/c, B(K"K)<12°, IM(K*,K") <1.005 GeV
model calculation (NSP appr. / E. Paryev), absorption from KN scatt. data

T T T T T T

C\/‘\ 12 | | | L L C\/'_\ 40 B L LA L |
g ?r C:Al(K) ] £ “OF Au: All (K*) 7
G 10 1 6 : :
= - U(K)=-180 o — U UK)=-180
_%; 8 5 -126 E @% /o 126 ]
= - -60 1.0 Cég B X ]
gx 6 D Gty TR0 W 0 MeV &%ﬁx 20 - RN -
g 4f S - SN :
CHE 1 2 of [ h
& 2F ¢ -] R [ ]
G L 7 3 ] C Y - ]
-8_ oL L T TR TP - -8_ O- AR P R R -
2 0.2 0.4 0.6 0.8 1 2 0.2 0.4 0.6 0.8 1
NE K" momentum [GeV/c] “E K" momentum [GeV/c]

go to ratios ||
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ANKE: (non-®) K*K- production in pA4Ut/cH
- first look/preliminary!

8 Au/C, Cu/C, CIC
ISI Il\"'l"'|l|||
< B —

i®) i

O 6

[ -

X

O 4

>

s,
St

.. Underway / calculations from
ol TEEgEREGL e Valencia group (Eulogio Oset):
e Angels Ramos & Luis Roca

B et Iy

. prelimipsry |
02 04 06 038 1
K momentum [GeV/c]

finalization of exp. data; in-depth model analysis needed
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PAX: Transverse polarization buildup of

a stored beam by Spin-Filtering

Experiment with COSY / schematic

#))OLICH

FORSCHUNGSZENTRUM

Results

. £0.015

L J ~ 3
/ ELECTRON —_— it

COOLER  p.cLuSTER B
TARGET & 0.005

DETECTORS
Spin-

flipper 0
\ H -pg_kj’;[}rEgET -0.005
—— -0.01

-0.045

@ target polarization -
[l terget polarization -

.....

....

.....

COSY Cycle / schematic

o T II| TTTT |II II‘I TTT |III I|I TTT
- 3
e w

1 | 1 1 1 1
15000 20000
filter time (s)

1 I 1 1 1
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o
= 1]
B Polarization Buildup Polarimetry| g,’_ r
2 10 | H00t © T
z i 2 20—
w T o L
E | £ - cosy
£ s | & 40 prediction SAID
I;g] ! g L
: i 60—
] I 0. C + FILTEX
Spin Flippsr L1 -80—
proprieted C
T TSR N N S AT S N [N N S SR N S S N N
F potrity Y . | -100, 20 20 60 30 100 120 140
0 5000 10000 T (MeV)
Time (&) -
W. Augustyniak et.al., PLB 718 (2012) 64
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PAX: Transverse polarization buildup of 4 JULICH
a stored beam by Spin-Filtering

Experiment with COSY / schematic Results
Siberian Snake 00151
l J [ - E il © target polarization -
‘L‘},,A,i},‘: = ol B target polarization -
ELECTRON ==. B -
COOLER =— - e
/ ) 0005 e +
Spin- ’ L e
flipper oM
i< GAR TARGET o005 T + ________
| S
— -0.01F
.0.01 53 1 1 1 1 m|m 1 1 1 |1 uuIuol 1 1 |15éWI 1 1 I.20000
H filter time (s)
COSY Cycle / schematic RS
I Polarization Buildup Polarimetry £ ]
2 10 | 001 _ © C
z 8 -20—
o ;o .
g £ - cosy
£ s % o prediction SAID
] ; ;
-60_—
0 ! 0.01 B FILTEX
Spin Flippsr | -80— +
Clustsr Target B
4BF ONIDFF -
S ! I 10056~ 26 60 80 100 120 140
0 5000 10000 T (Mev)

Time (s}

W. Augustyniak et.al., PLB 718 (2012) 64

Preparation for longitudinal polarization build-up at COSY and PAX-at-CERN/AD
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HESR Layout at FAIR < JOLICH

Helix dipole g] Stochastic
magnet

kickers
s —— pan o

\"\
i“ Electron cooler
! Main machine parameter
& Momentum range 1.5t0 15 GeV/c
: Circumference 575 m
Magnetic bending power 50 Tm
] Dipole ramp 25 mT/s
- Acceleration rate 0.2 (GeVlc)ls
% Geometrical acceptances for ;=2 m
horizontal 4.9 mm mrad
*“ vertical 5.7 mm mrad
"“I Momentum acceptance + 2.5x10°3
~FII‘5' |
. T SVHSEEEE SIS SES S
P,pPDoAr injeclion . .
from CR (RESR) RF cavities | Stochastic

PANDA pickups

Julich is leading lab for design and construction
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HESR Prototyping and Beam Physics "

Pellet Target e-Cooler

Barrier
Bucket Cavity

. .

2 MeV e-Cool r

Stochastic Cooling (2013)

-----

HESR accelerator component tests
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Preparatory Work for FAIR Detectors

CBM, PANDA

CBM: Silicon Tracker Tests

GEM Detector Tests

RPC ToF-DetectorTests

HADES: Diamond Detector Tests

PANDA: Straw-tube Tests

(Disk DIRC Tests)

,Preassembly” of PANDA parts (TOF area)
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EDM: Permanent spatial separation of positive an negative charges

+
dﬂp P ¢ Permanent EDMs violate parity P and time
d reversal symmetry T
\i)r d¢ Assuming CPT to hold,
~ 4 o Iy combined symmetry CP violated as well.

EDMs are candidates to solve mystery of

matter-antimatter asymmetry

Feb. 11, 2014 | M. Hartmann J-PARC workshop 35



EDMs - Ongoing / Planned 4) J0LicH

"  Molecules Rough estimate of numbers
N o — YbF@Imperial of resea!'chers, in total
" g 2 ~500 (with some overlap)
Ne”t"l‘lj_'ljs ~ _ pho@vale
: gILL @PNPI - ThO@Harvard « Atoms
~ @PS; — HfF+@JILA & — Hg@UWwash
@FRM-2 ~ WC@UMich AN — Xe@Princeton
- : — Xe@TokyoTech
- @RCNF’,@TRIUMFﬂ — _F’..t_JFh@)hOkﬂlw:::zhoma ~ Xe%TUh.}?I,
: %Jsr;i% SG L s T - Xe@Mainz
- - Pos st P8 o — Cs@Penn
\':?LQ g N ’ — Cs@Texas
e, WG (YA - Fr@RCNP/CYRIC
0 - @BNL (3 4 | - Ra@ANL
o ik 4 - Ra@KVI
: gFNAL + Solids —~ Xo@wyolo

_ @JPARC AR

P. Harris, K. Kirch ... A huge worldwide effort
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EDM - Charged particles (p,d, ...) < 1ULICH

Why? (charged particles)
> |dentification of the CPV-source
> Highest sensitivity (goal 102 e cm)

How? (spin tracking in E-, B-fields)
> Polarized particles
> Precision storage ring

E

\' EDM signal = spin precession
out of the horizontal plane

Where? (COSY at Forschungszentrum Jilich)
> Storage ring (conventional) and polarized beams
> Accelerator and experimental experience in spin physics
» Strong environment (e.g. FZJ infrastructure, JARA)

Feb. 11,2014 | M. Hartmann J-PARC workshop 37



EDM - Strategy

Charged-particle EDM searches at storage rings represent a challenge!
> Stepwise approach

EDM Sensitivity

1022 e cm

10-* e cm

Spin-off: Accelerators, instrumentation, metrology, ...

Feb. 11,2014 | M. Hartmann

A

Design report
for a dedicated SR

Precursor expt. with COSY

R&D, test measurements at COSY

#))OLICH

FORSCHUNGSZENTRUM

First direct
measurements
for p, d

Now 2018

J-PARC workshop

> Time

38
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Summary and Outlook < JuLicH

COSY has a strong physics program:
spin physics and symmetries

COSY is an ideal test machine for FAIR
preparatory work:
accelerator and detector components

COSY is the ideal starting place for charged - particle
EDMs and precision measurements:

R&D work, first direct measurement and dedicated
storage ring

Feb. 11, 2014 | M. Hartmann J-PARC workshop 39



#) 0LICH
Summary and Outlook < JuLIcH

COSY has a strong physics program: I

spin physics and symmetries

COSY is an ideal test machine for FAIR
preparatory work:
accelerator and detector components

COSY is the ideal starting place for charged - particle
EDMs and precision measurements:

R&D work, first direct measurement and dedicated
storage ring
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Extra slides
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Storage Ring EDM Project < JOLICH

... watch for development of vertical polarization

Challenges:
Huge E-fields
Shielding B-fields _
Spin coherence |
Beam position -
Polarimetry j E D I

Jilich Electric Dipole Moment Investigations

10 e cm

I

)

~ 100 members
(Aachen, Dubna, Ferrara, Cornell, Julich, Krakow, Michigan,
St. Petersburg, Minsk, Novosibirsk, Stockholm, Thilisi, . . . )
10 PhD students

Feb. 11,2014 | M. Hartmann J-PARC workshop 42
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Topic 2: Cosmic Matter in the Laboratory

Spin Coherence Time Studies at COSY #) JULICH

FORSCHUNGSZENTRUM

Matter and the Universe

Greta Guidoboni, INFN and University of Ferrara and Forschungszentrum Julich

Motivation: Search for Physics beyond the Standard Model

Electric Dipole Moment (EDM) | Observation of a charged-particle EDM Spin Coherence Time
Charge separation within the particle - Storage ring with a radial electric field. Test of Physics beyond SM requires a
volume. - Start with spin along velocity. sensitivity of 10-2° e-cm.

Prerequisite: maintain horizontal
polarization lifetime for 1000 s.

P,T vnolatlons

P
& -
cpP vnolatlon v
:I;\.\ A Related to matter —

_  antimatter asymmetry
gl' of the Universe. EDM signal = spin precession Horizontal polarization lifetime

out of the horizontal plane = Spin Coherence Time (SCT)

Feb. 11, 2014 | M. Hartmann J-PARC workshop 43
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R&D Work at COSY (preliminary) < "

§o.25§+ M sy dih i w Prerequisites to get long SCT:
s r A
< 02 t : ]
- + Beam bunching
e S ®#® Envelop of Beam cooling
orz (T R 120 KHz spin Sextupole correction
0.05; ser W . precession SCT ~ 4005
I
OI - ‘I‘OI - IZbI - ‘3|0| - ‘4‘0‘ - ‘S‘OI - ‘6|0| - ‘7‘0‘ - ‘S‘OI - ‘9|0| |
timefs]

Up-down asymmetry (~ horizontal polarization) as a function of time

§ 0.16097630:—
B T Precision of spin tune measurement:
& 016097626
0.16097624;— + + {
016097622~ 108 per 4 seconds
0.16097620;—
0.16097618;— .
0.16097616 = Averaged spin tune
e l can be determined to
. 1:—...|....|....|....|....|....|....|....|...|. -10 i
0260976105 - v e lpun sl v L s s o el 10-%in a Slngle 100s Cycle

time [s]
Measured spin tune versus time in cycle

High-precision spin physics !
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EDM Prototyping and Spin Physics w
Electrostatic
Deflector
SQUID and | (2017)
Cavity BPMs F— A .
(22014 PP
AT »m—-— e — = .
- | f‘:’:"i [T CEITC] frTCTITI I : ) L/
| ,\.
Prototype = H
Polarimeter &
(22015) /i \

EDM accelerator and detector component tests
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Method of ®-width measurement

@ Attenuation measurements of the O flux SPring-8 photo-production, up-coming
CLAS results.

r" M
(p(r)) M, ,p(r)—=local nuclear density

D =exp —fj dl

@ survival probability in the nucleus matter rest frame: In-medium width deduced from the target

mass dependence.
dominate K*K~ BR =0.49

SPring-8 / LEPS experiment COSY experiment at ANKE

Reaction: yA — ® X, via K'K~decay Reaction: pA — ® X, via K'K~decay

y-Energy: 1.5 — 2.4 GeV p-Energy: 2.83 GeV (¢, .\~ 76MeV )

Targets: L|, C, AI, Cu Targets: C’ CU, Ag, Au

Result:  large o, = 35{7 mb, using Momentum and (0.6 — 1.6) GeVic,
Glauber-type multi-scatt. theory angular range: 0°= O =<8°

(free o, = 8-10 mb)

T. Ishikawa et al., PLB 608 (2005) 215
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Transparency ratios: experiment

~06——FT——7T—— 77— 1
We present the A-dependence of the o mCuC |

o _ o A Ag/C ]
® production in the following form: <05+ +H+ o Ave
Al - 4 i

A A T '

T d T :
R=—2= 12 0_2, T, = O_(I)N 04 %’%‘+‘+‘ §
TC A O_cb 4 O_cp +,+_ + +—%- %
nuclear transparency 0.3:_ + _:

ratio I + |

Any interpretation of the transparency ratio has
to rely on a detailed theoretical treatment

Feb. 11, 2014 | M. Hartmann J-PARC workshop 47
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Limited sensitivity to in-medium signal 3
T Q
O
dOVéXleNA< ) rV—)Xle_ MFM rV—)Xle §&
d w r T2 21\2 2 F2 r o ﬁ“
W tot (M _mV) tu L, tot g
S~ - NG - o :%
~ TN T
experimental observed mass distribution = After integration over all nucleons and pa-
convolution of spectral function with the rameterizing strength function with Breit
branching ratio into channel being studied Wigner
_ _ p(r)
Ftot_rvac-l_ I‘med rmed(p<r)>_rmed<p0) p
0

In the low density approximation

3 effects limit sensitivity:
i. yield reduced by increase of in-medium width (I'__,>>T"..)

ii. reduced yield spreads out in mass, difficult to distinguish from background
iii. decays occur at low densities (p << p,) even for low momentum selection

09z (0102) 981 "1ddns'd1d ‘Belsn/plodna-/jason

'S
(<)

Feb. 11, 2014 | M. Hartmann J-PARC workshop
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Limited sensitivity to in-medium signal

a’()’l/—))(l)(2 A(M) FV-)XIXZ_ Mrtot FV')Xle
T2 2\2 2 12
d W Ftot (M —m V) T u rtot rmt
S~ _ S~ !
experimental obs d O 2ons and pa-
convolution of s V=>X 1 X 9 1 n with Breit

branching ratio ir

rer, M p°(r) ot

In the low density approximation

3 effects limit sensitivity:

i. yield reduced by increase of in-medium width (I'__,>>T"..)

ii. reduced yield spreads out in mass, difficult to distinguish from background

iii. decays occur at low densities (p << p,) even for low momentum selection

Feb. 11, 2014 | M. Hartmann J-PARC workshop

'S
©
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Methods of ®-width measurement

@ Study of the meson spectral function - measure low momentum
®'s via leptonic decays. Not really done yet.

d—e'e
- ®—e'e’ (BR=310%) By<1.25 (Slow) 1.25<By<1.75
- d—K'K (BR =0.49, K FSI, %l
hadronic potential) g

5

KEK-PS: pA @ 12 GeV foo

[*=15 MeV, m*=-3.4%) ) i
~ L neif=83/50 L ndE=43/50
for <p¢> = 1.8 GeV/c 06 i 1 a2 08 1 ]

R.Muto et al., PRL 98 (2007) 042501
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400 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
C a00[- ]
0.600 < p < 0.825 0.825 < p < 0.950 20k Au 0.600 < p < 0.825
300 ] 300F ] 200F 3
¥ E E
200 n a0k N ] 150
3 100F ]
100 B 100 ]
500 g
1 1 1 1 [ I— 2l 1 1 1 1 ) 1 1 1 1 1 1 \»1‘ |
980,96 1" 7.011021031.041.05106  0°960.96 1 1.01102 103 1041051.06 °980.96 "1"1:011:02 1.03 1.04 1.05 1.06 5
M. M., M.
T T T T T E T T T T T T T T
0950<p<1.0757 250 1.075 < p < 1.2004
] 1 200f 3
RS L dr pSSES
Tl 1 1 1 L L 1 (¥ Tl 1 1 L 1 1 1 L | 1 1 1 Lass T L L 1 1 L
Po80:96 17T 017027.057.04 105106 098099 1 1.011.021.031.041.051.06 Po60:96 T 101102103 1.041.051.06  0°980.99 1 1.011.02 1,03 1.04 1.05 1.06
M. M. M. M.,
500 T T T T T T T T T T 250F T T
400 250 3
1.200 < p < 1.325
400 L
a0l 1 200
300
300 1500 1 1s0f
200
200 100[ 1 100
100 100F 50 ] 50
% A Tt
1 1 1 1 1 1 | 1 1 1 1 1 ] 1 | PR FEET PR RS FERTE FREEE FETE VR PR 1 1.y 1 1 1 1
Po80:96™" 7101102 1-03 104 1.05 1.06 Po80:99 111011021703 1:04 1.05 1.06 Po80:96™ 7101102103 104 1.05 1.06 Po8 698 7101102103 704 105106
M., M. M., IM,....
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Tp — 08 08
NAA AN+N* — :
o
‘2
06 06 &
)
© N
N e B pA: p+C,Cu,Au
. @ 2.83 GeV(ANKE)
02 0.2
00 | 0.0
0 2 4 6

b [fm] b [fm]

0.25

phase space distribution |
of ¢ in ANKE acceptance °2|

o
—_
(8]

pr [GeVic]
o

0.05 |
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pp— ppP (energy dependence)

OZl rule: 4.2x1073 = Ry TOF
DISTO

_. O [ub]

02

T IIIIII|
(B
L1 IIIIII|

Rq)/w(high energy) = (1 - 2.4)xRgy

(in agreement with TN data and 10
the ®p1 and wpTT coupling)

Ry0(18.5-79.5 MeV, ANKE) = 7xRo

PRL 96 (2006) 242301

10!

]IIIIII| IIIIIII| IIIIIII| | I I |

10 10? 10°
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Giessen-BUU calculations (SPring-8 data)

P. Muelich et al., NPA 765 (2006) 188

1.0 &
0.8
0.6 —
| rfree + rcoII. (~1O mb)
0.4+r i < + acceptance
I Data inQa- 1 +T KK : 2 to 20 MeV
0oL .. :-_ BSU (SPrlng 8\ o ( )
| - -O--with acceptance cut !
0.0 —0O— with I?R mass shift ?f K | . | T~
0 20 40 60 208 [, (=10 mb)x 2.6

A

=80 MeV, 1.8 GeV/c P's

Feb. 11, 2014 | M. Hartmann

J-PARC workshop
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Valencia calculations (SPring-8-data)

e L 2 2
o N »® o o~

305

IS O
— [\ W N
(=) IIII|IIH|1III|IIII|IIII|IIII|IIII|IIII|II/L+-|+I

()

E. Oset et al., Pramana 66 (2006) 731

/

——
——

—— without Pauli blocking effect
———- with Pauli blocking effect

20 40 60
Mass number A

O_A
P

Pout: A N
Oy

Feb. 11, 2014 | M. Hartmann

1.2
1.1

1
0.9
0.8

(Li)

oIII|III|III|III|III|III|III|I]\|I

20.7

/P

=0.6
R~ 05
0.4
0.3
0.2

(o)

|-|- Rl
~

(b)

} D. Cabrera et a

—— without Pauli blocking effect
———- with Pauli blocking effect

20 40 60

Mass number A

J-PARC workshop
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., NPA 733 (2004) 130
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SPring-8 and up-coming JLAB-g7 (CLAS) result

R. Nasseripour et al., AIP 1056 (2008) 223

CLAS: YA — ®(—e*e)X
0.8

[ 0.6
t(
11 " F
agreement 0.4
- @ Jlab Preliminary il
- A Spring8
0.2

—_— Giessen calculations

Norm‘fllized to clarbon I

| | | | | | I |
% 50 100 150 200

A
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Momentum dependence of the in-medium
®-width

[ [MeV]

R frame’ - oo Auclear frame’
- - ) I, —— Cabrera {predicted), wio free
8= ; { 3 = i, Magas | ANKE, w/o free
L ' , : — - N i Paryiev S ANKE 7
r i 1 = U ' _____ g = Smews Muclich coll. original |
60l o | : £ ; ~==== Muelich coll. / SPn'ﬂlé-g:

20k et =

{}III\A'IIII U""llll'l""lll"ll
0

0.5 1 1.5 2 0 0.5 I 15 2
GeV/c] p [GeVic]
_ : , d3p N\kem|v/S
Imll (g = 4/mé +dq?,q,nn(r)) = —4/ (2;)3@(‘13‘ _P‘F)%UVN(S)
N
Imll,,
Fml] = _u

Mg
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Determination of o for © production

d26/dpdQ ~ A

| | T T

Exponent o
o
N

T T I T T Il
|

AtT, =283 GeV:

o
W
|

o(n) = 0.495 £ 0.005 (1%) .l

4 LBL, p,=075Gevic,6=0°] ]
4 PNPLp_=0.75 GeV/c, 6 = 0°
— % ITEP, p_= 0.75 GeV/c, 8 = 0°
—4— LBL, p_=0.50GeV/c,0~0° ]
l —+— PNPL p_=0.50 GeV/c, 0= 0°] -
—4— ITEP, p =0.50 GeV/c,0=0°| 7]

1 | [ | | | | I | | | | |
1 2 3 4 5

a(rt) =0.380 +0.018 (5%) °F

021

Proton kinetic energy [GeV]
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pp—pK*Y°(1405, width 50MeV)—Kp

da/dW (nb/MeV)

100

~
w

o
o

[
w

" PLB 660 (2008) 167

pp—pK*A(1405)
. @ 2.83 GeV

et

1350 1400 1450 1500
7’ Invariant mass [MeV]

'X/Kp

C. Wilkin, pers.
communication

arXiv:0812.0098

do/dW (nb/MeV)

%425

3
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[
I

PRC 77 (2008) 015204

pp—ppK'K
@ 2.83 GeV

1450

1475 1500 1525

K'p Invariant mass [MeV]

Simplest description of the | = 0 coupled-channel system is provided by

a separable-potential model

[e.g. PRC 76 (2007) 055204].

Suggests that A(1405) is the main doorway state also for ppK*K- .
(similar conclusion: Xie & Wilkin PRC 82 (2010) 025210; N*(1535) & A(1405)K).

Should analyse n°x’ and K-p production at the same time !

Feb. 11, 2014 | M. Hartmann

J-PARC workshop
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Model: elastic K'K" rescattering plus
contribution of a K°K® pair production followed by
charge exchange rescattering

K-matrix formalism, three basic simplifications: PLB 668 (2008) 315

(I) constant elements of K-matrix

(i) isospin invariance broken only by K° — K* mass difference

(iii) distortions are taken only in first order (s-wave scattering, formula have
transparent interpretations)

B, /(B + By) n By/(B1 + By)
(1= igalAi = A)) (1= kA1) (1 = igalAo = Ai]) (1 = ik Ao)

< /

“charge exchange scattering” “elastic scattering”

F =

KK production amplitudes (1=0,1): |B1/ By |2 = 0-384__8:%?1

Feb. 11, 2014 | M. Hartmann J-PARC workshop 60
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