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e Why are tN—nN and tN—>nntN measurements
related to the problem of mesons in-medium
modification ?

e Why are new data needed?

e Can HADES provide these measurements?
acceptances, sensitive observables, count rates,...
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In-medium vector meson modifications:
see e.g. Leupold ,Metag,Mosel Int. J. of Mod. Phys. E19 (2010) 147 for a recent review
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The p meson In hot and dense hadronic matter

from SIS18 to SPS

Excess e*e- yield, Ar+KCl 1.76 GeV/u Acc.-corrected py excess spectrum
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“ electromagnetic form factor approach”: “p production approach”:
p+p at3.5GeV PNR couplings r—<e

= —_ daia —— 5 U520 —  allBes. — |
GiBUU to+tal B —— 10 B 511{1535} _ Pgthia — |
10! e f m, |EII(1850)  D(17a0) - |
_ ) I N P1al1720) - Fac(1908) — |
§ 10° é R = 107 3
a8 9 o
E8 10 it ‘ o iy
% E - f.h-f‘.'.
" | [ 10° g o E
102 § IR
| pp 3.5 GeV k)
10° i ey et s N NV, 1 1072 E_I:flj: 3
0o 02 04 06 08 1 i a0
Courtesv of Janus Weil 0 0z 0s ._.___?'_*_3_&&1_.*_}:8, 1
1800 T T
Hades data, Eur.Phys.J. A48 (2012) 64 reoo | ;
N-A Form Factor:G.Ramalho and T. Pena w00 | i
Phys. ReV. D85,113014 (2012) | ]
% 1000 | .
- - - 5
p mass distribution strongly § soofp ]
. . . = 800 - .
modified in pp due to the coupling ) .l 7
to baryonic resonances 200 | ]
o]

m [GeV]

@ B. Ramstein, GSI, HADES CM, 22/11/2012 3 \yeil, H. van Hees and U. Mosel, EPJA 48, 111 (2012)




In the context of dielectron measurements
constraints on the coupling of p/m mesons to

baryonic resonances are important for
v The description of NN collisions
v The interpretation of medium effects
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Why are new tN—rN and

nN—7tniN data needed?

From discussions at many meetings with A. Sarantsey,
V. Shklyar, I. StrakowskKi,......
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" Partial Wave Analysis

The scattering amplitude can be decomposed into different 25*1L ; partial waves in
entrance or exit channels

: Theory
Also Experiment »
- @ construct a mode
taking @ derive scattering amplitudes
care of from experimental data @ resonant -+ nonresonant
. i . " Nym
acceptan @ partial ant?l isospin contributions m
ce decompositions .
o v @ calculate PW amplitudes
resolution ’
U‘ I
efficienc Compare results, fix resonance properties

Using all available
h channelsin yN and =N

reactions

On-going collaborations with different groups of PWA
e Giessen (V. Shklyar et al.)
e GWU (I. Strakowsky)
e BONN-Gatchina (A. Sarantsev et al.)—» code was provided to us and
tested on pp data (W.Przygoda’s talk for pp—=ppzand Eliane’s for
pp—->pAK)
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e Knowledge on baryonic resonances Mg , I'(R—>nN ) mainly
based on Partial Wave Analysis of tN—nN and yYN—nN

Mainly three main analysis of the w/N scattering data so far: /_M;Eﬂ\

@ Carnegi-Mellon (Cutkosky)

@ KHU (Holer)
@ SAID/GWU(now absolute) (Arndt, Workman, Strakovsky, » PDG
Briscoe)

Dynamical models are now available (Giessen, GWU)

Problems for BR (N*>N=) < 20% ( different analyses become incompatible)
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4 N

nN—nnN: present status

Two-pion production is the most
Important inelastic channel
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All what we know about N* couplings to pN, AT, oN is due to
Manley, Arndt, Goradia, Teplitz PRD 30 (1984) 904.

Based on the analysis of 240000 events (bubble chamber < 1980)

J
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nN— Nt EXisting data

30

SAID, data base, CNS, GWU http://gwdac.phys.gwu.edu |
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* More recent data (TRIUMF,LAMPF,BNL)
do not cover the region between 1.32 and

W (GeV) 1.9 GeV
— high statistics differential distributions
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P11(1710): problems

N{].TJ.D:] Pll J'l-"P] = ;":EI

| Status: B F Gk

blest of the results published before 1075 were last included in aur
1982 edition, Physics Letters 111B 1 (1982). Some further obsclete
resailts published before 1984 were Last included in our 2006 edition

Journal of Physics, G 33 1 (2006].

The latest GWLU analysis (ARNDT 08) finds no evidence for this

resgfanoa.
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PDG 2010:

Br(wN)~ 10 to 20 %
Br(2mN)= 40 to 90 %
Br(KA)~ 5 to 25 %

Modern GWU (SAID) PWA:
no signal around 1710 MeV |
Giessen Model: P11(1710):
Br(7wN) ~ 3%

present, and future



Summary: motivations for tN— nN and TN —nNN measurements

Need for a high statistics energy scan in the region W > 1.3 GeV
to provide =N and nNN differential cross sections

v Complete existing very precise photoproduction data
‘ v Improve knowledge of baryonic resonances, Mg,
['(N*>Nm), I'(N*>Nmm)

v Important for baryonic structure issues (Constituent
Quark Models, Lattice QCD)

Regions of interest/open issues:
N(1440) P, Branching ratios to mA and (), N

p NS1520)p
N(1520) D,,  Branchingratiosto A and pN, important for D,

p in-medium calculations N-L

N(1710) P,;,  Notseenin the latest PWA analysis
BR(2rt) =40 to 90 % (PDG 2010)
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(not to scale!)

dispersive plane Y3
(momentum measurement)

pion \

production

additional quadrupole
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pions per spil in dp/p<B%

Inputs for feasibility studies:

el . 50% ~- | * measured in 2005:
i ’j: e e 2.710° n/ionat1.17 GeV/c in front
e Tl Cha of the RICH
ool p=0.7-2GeVic .. E‘ e max: 6.5 1019N, ions=0.5 xSCL
T |W=148-2.15 Gev * 4s extraction time
e — 4.510° n/sin spill
0o 2 P = ey s — 2.3105 n/sin average

oS 1 1.5 =2 2.5

Pion momentumrm [Gew <]

e Expectedin 2012 :
o 25% target cuts, see Thierry’s simulations —2. 10 n'/ion at 1.17 GeV/c on target
e 8 10'N, ions (measured by FOPI, 0.6 xSCL)
e Extraction time 1s ,total spill length 3s
— 1.6 10° w/s in spill 5.3 10° n’/sin average
e Room for improvement ? beam line acceptance 25%—7?, SCL 60—-100% 7

Estimates for the 5 cm long LH2 target at 1.1 GeV/c, 80% data taking
efficiency, 50% dead time

In 47, 100 % efficiency
N/ hour ~ 150 000 ¢ (mb) N/week ~ 25 x & (nb)
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Cross sections and counting rates

mp/ mttp > N m

SAID database

p=0.7 - 2 GeV/c
W=1.48- 2.15 GeV

(mb)

mpo>prn® oc=4-6.3mb
mp—onm*m o=6-11mb

mp—opntn® o=2-11.4mb
mp—>nntnt =04-3.3mb
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niN— Nt it ;:acceptances

| pi- angle % momentum |

hthetppim

0 (deq)

~
(@)
Q
O
~—~
D

\ p angle % p momentum |

hthetppr

160"

140
120

100

180

Entries 10000
ean 0.281

Charged =
acc*eff=0.37

00:721

\\\\‘\\\‘\\\‘I\\‘\
02 04 06 08 1 12 1.4

p(GeV/c)

\ pi- angle % momentum

Charged =
acc*eff=0.40

S B Tl T e R

1801
160f
140f
120f

100[

Proton
acc*eff=0.40

Entries 10000
Mean x 0.5793
28.42 [Q

04977

13.3 [0

—0.0
—0.0

0.7
_0.0

80

20l S

60 il

ao[

—0.0
—0.0
0.0
0.0

0.0

@ B. Ramstein, Gspﬁggéc():M 22/11/2012

-y Ll | L1 ‘ L1 ‘ L1
12 1.4 16 18 °

p(GeV/c)

\ p angle % p momentum

%02 04 06 08 1

1.2 1.4 16 1.8 0

p(GeV/c)

p=0.8 GeV/c

acceptance/efficiency

0.16 0.13

p=1.3 GeV/c

acceptance/efficiency

0.19

0.16

Similar numbers for
Tp— pm* m°
Tp—> N




Hubert Kuc simulations

P=0.8 GeV/c s12=1.56 GeV

g (PP varant mess | Acceptance for n *n - pairs

E‘ F — N'>Dealia->npi-pi+ =
C N*-=rhab-*npl-pl+ 3
2 HADES Acc&Eff B ]
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3 100 8
% = o
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m: N* -An— ™ n n
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v' M__invariant mass in acceptance is sensitive to different N* decay channels

v Good sensitivity also for M_,, M_y
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pp—pprtn 1.25 GeV sensivity of two-pion observables

M. Gumberidze, Orsay

High sensitivity of both | Prey, "
IJm"l /)7//7 0.08}

observables to L) 5,
» N*, A production B ;o
mechanisms = \3& i
(c+m+p exchange) e R
) F(N*—)AT[)/ 1_‘(N7'€—)NC7) Ta: - HADES 0.08f
(1440 .
:g | 3 o.oaé
much higher sensitivity expected | | OOETRET O, S e ool oot

in tN—>nzN o
cos(aM_, )

» Higher acceptance
 Less uncertainty on production
mechanism

@ B. Ramstein, GSI, HADES CM, 22/11/2012

H'
N

; \_/*\\zil

- oniginal Valencia
— modified Valencia

P | | I aataaaala |
8.2 025 03 035 04 045 05 055 06

M .. (GeV/c?)




rn'p— Nn ri:statistics for one point

p=0.7 - 2 GeV/c W=1.48 - 2.15 GeV
Average statistics in acceptance for one value of W

__ mpoprn® mponma

c (mb) 4.8 8

evts /hour 95 000 130 000
Evts/bin/shift 95 130
Time for PWA 0.8 shift
condition

Requirements for Partial Wave Analysis
20 bins in cos(0,,,), 20 binsin M_, , 20 bins M__,
80 counts /bin (to be discussed)
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p=0.7 - 2 GeV/c W=1.48 - 2.15 GeV
Energy scan in steps of 25 MeV (26 points)
80 evts/bin (8000 bins cos(6,.,.), M_.n ,» M_\)

Time for 21 shifts ( ~ 7 days)
26 points in W

In total ~ 21 10° r*m-( 114 000 existing)
~ 15 10% n%m (72 000 existing)

Other interesting and accessible channels
v'én and other strange channels ( Laura)
v'multiparticle production

e.g. An—pnn (missing resonances study)

vand with an EMC: #°#®n, nn, on,...
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P — Nt statistics for energy scan
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Tp— WP Statistics

P=0.8 GeV/c
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HADES can provide, within one week, the
missing np—np , tp—>rlrp and Tp—>Tntn
measurements

A new combined PWA analysis of all pion and
photoproduction channels will be possible.
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P=0.8 GeV/c (below o threshold)

ra
I

=
o

Resonance M. Soyeur
model et al.

Evts/ 970 ~100
week

_[counts/SMeVicTdays]

wan

=
m

dN/dM_

4 R
mpPp— ne‘e. an update

H.Kuc

- |
Incoherent sum
(M. Soyeur)

Coherent sum
(M. Soyeur)

P=1.3 GeV/c (above o threshold)

Evts/ 2300 ~1100
week

New calculations by Zetenyi and Wolf arXiv:1208.56 ,

v only p
v’ too large cross sections
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Counting rates strangeness production

e Full GEANT simulations for p_=1.7 GeV/c ( above ¢ threshold)

Numbers of events per day

4.7 105 3.0 105 3.7 105
K+ 1.4 106 1.2 106 1.1 106
K- 105 6.3 10 5.9 10
o (K*K) 1260 3780 3400

il 1 +p — X+ K* (detection of all charged particles + missing neutron analys
n + p —>A+ KO ( detection of all charged particles)

"+ p — X0 + KO (detection of all charged particles but the photon)
Numbers of events per 0.8 shift

threshold for the productions:

£-K*= 1.035 GeV/c
5150 A\K%=0.896 GeV/c
> 0K9%=1.031 GeV/c
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Experiments with the GSI = beam : one possible scenario

e 1 week mA 1.6 GeV/c 3targets C, Cu, Pb
strangeness production (K,¢) (and a few hundreds
of p/o—ete’)

e 1 week mp energy scan np — nrtrne prnd
PWA.

e 2weeks mp —» ne*e 0.8 GeV/c
Electromagnetic transition form factors of baryonic
resonance/ off-shell p meson production

@ B. Ramstein, GSI, HADES CM, 22/11/2012




. Conclusion

Measurements of differential distributions in Tt p—nn *®" in an energy scan
from 0.8to 1.3 GeV/c (W=1.48 - 2.15 GeV)

— necessary complement to photoproduction data in order to improve the
knowledge on baryonic resonances properties

— outstanding contribution for hadronic structure studies (Lattice QCD,
guark models)

— These data are necessary for the interpretation of medium effects in
dielectron production at SIS energies AND above

GSl pion beam is unique in world at present to provide the missing data

A scenario is proposed to measure

v' strangeness production in t/A p=1.6 GeV/c

v' two-pion and kaon production in an energy scan in np
v off-shell po production n)p—ne*e- p=0.8 GeV/c

e B. Ramstein, GSI, HADES CM, 22/11/2012




N(1520) D3 state

Manley et al: PRD(1984) Giessen Model (CC): 7N — pN

Mg = 1.52MeV B
B N(1520) — pN (23%)
— £ [ —— Giessen oo ~channel
[tot=120MeV E6F __ ihm-mﬁ'}lﬁ;m;.
=51
strong N(1520)— 27N S
T
Br(pN) ~20% < 3t
4 £ 2t
[= \: -
......... 01311 16 18 2

o v ] W(GeV)
E mg" T } {%}i’% . @ Giessen : overlapping of spectral
° . functions of N*(1520) and
p-meson: non-symmetric

AN
[ P | |II PR =
1 ]|. 1 13 14 15 16 1.7 18 L '-' a1

sqrt(s) (GeV) @ Giessen: no effect below 1.4 GeV

@ need diff. x-sections of @ Manley: no p-spectral function:
7~ p— mrN should be updated

\/ Ita y 'y'EIr' Monstrange baryon spectroscopy: past, present, and future



Exclusive channel mp—ne‘e

Early motivations:

Coupling to p/o channels

New approach based on transition electromagnetic form factors
New calculations: Zetenyi and Wolf
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of baryonic resonances:

/" wp —>ne‘e : an unique tool to study the Dalitz dec

“

np — R—Nete | * Form Factor: electromagnetic structure of the N-R transition
Mg=Vs Gegm(?) and G¢(g?)
* in Vector Dominance Model, form factors depend on the p/w

couplings - importance also for in-medium propagation of vector
Dalitz decay: F mesons

Time-Like electromagnetic form factors
: n
T \ R

p q2>0/7

variable

= Inverse pion electrop
T e+

e

. Value known only at g°=0
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Space-Like electromagnetic form factors

P studied at JLab/CLAS

(related to R—>Ny decay branching ratio) )
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* Simple resonance model
simulations

factors
+ meson contribution

" H. Kuc

Incoherent sum of Dalitz decay of different
baryonic resonances with constant form

e Coherent calculations art
M. Zetenyi’s talk on Friday

p=0.8 GeV/c Vs=0.55

In HADES
acceptange
after mi
mass cut

g
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Dilepton spectroscopy in mA/ tp

Early motivations reinforced by HADES results in pA/pp
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4 Dilepton spectroscopy in A
Medium effets on vector mesons:

e Modifications of the vector mesons (p,w,})
properties in nuclear medium are predicted

e Connection with chiral symetry restoration?

e These effects are looked for by HADES using
e Heavy-lon reactions (hot and dense matter)
e p+A reactions (cold nuclear matter)

e Interest of mA:
e cold nuclear matter
e mesons are produced with low
momentum: probability to decay
In the medium is higher

W.Schoen et al.

Acta
Phys.PolB27(1996)2959

o
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e

Dilepton spectroscopy in mA

Predictions for TA 10° | | | - _
p n +Au, 1.4 GeV I
(too) early predictions: Effenberger | !
revisited Tl |
[¢B]
O,
E. Bratkovskaya (Frankfurt) HSD calculations >
Presented in Orsay Februry 2009 g .
107 L ) i
© . ]
HSD:  a°
e 110 mp{'«}h\m effects
—nqt%\%road& dropp. mass
L X \2‘
10_7 \C)\>, L I L L .
0% 0.6 0.8 1.0
M [GeV/c’]

Large medium effects are expected in A reactions
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rp/ tp — Nm m:statistics for one point

p=0.7 - 2 GeV/c W=1.48 - 2.15 GeV
Average statistics in acceptance for one value of W

_

o (mb)

evts /hour 95 000 130 000 178 000 24000
Evts/bin/shift 95 130 177 24
Time for PWA 1 shift 4 shifts

condition

Time for 27 shifts (~ 9 days) 108. Shifts (~ 36 days)
26 points in W

Requirements for Partial Wave Analysis (from JPARC proposal)
20 bins in cos(0,,,), 20 binsin M_, , 20 bins M__
100 counts /bin (to be discussed)
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