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First observation of the A(1232) & the Roper N*(1440)

< In 1952 Fermi ez | ISP 7k
al., observed the L ’
A(1232) for the A P
first time in wp Wof B 3 ;‘g"-“E'-’-‘Et':;
scattering 1! gl | a
—e =

Phys. Rev. 85, 932 (1952)
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< In 1963 L. David £ _- /T
Roper found an € sor- ) R
w [ D,
unexpected P, §°°E 8
240
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A e iy Y T
1.44 GeV OE/ —
o T e s

5 Phys. Rev. Lett. 12,340 (1964) 6706206500300 ' 500 " wbo oo
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Since them many nucleon resonances have been
discovered 1n

» nN elastic scattering
tN—> X cross section

» aN —s 1N, oN, N, AK, 2K,

: N* : 1440, 1520, 1535, 1650, 1675, ...
PN, 7A reactions A (1232)
— g0\ _|A :1600, 1620, 1700, 1750, ...
€ |V
»  Electroproduction YN —
» 60 .
=
. -
» More complex processes like 5
= 401
e.g., tiN —> mnN, wpN, wN, =
oN, K'Y, ... T
= 20
|
K h
S

1.2 1.4 1 ;6 1.8 2
Vs [GeV)



2015 status of the A & N resonances

26 N resonances known with
masses from 1440 to 2700 MeV

22 A resonances known with
masses from 1232 to 2950 MeV

Status as seen in — Status as seen in —

Status Status
Particle J¥  overall tN AN Nn No Nw AK XK Np Ax Particle J©  overall tN 4N Nn No Nw AK TK Np Ar
A(1232) 3/27  sess  wkes sk F N 1/27 eens
A(1600) 3/2F wex  wax  wax o . - N(1440) 1/2f sk okkok okokk ok ® Kk
A(1620) 1/2~  wekk wkes i . iy e N(1520) 3/2_ Nokkk KRR RkRE KoKk dkE Kk
A(ITOO) 3/2_ e b S i N(1535) 1/2_ sk dolokk kool kokokok Kk %

. " ) N(1650) 1/2 Rk dolokk sokok Kook sokk kk Kk koK
A(1750) 1/2 : y ! N(1675) 5/27  swsr ok sokx & * 0 kEk
A(1900) 1/27 »e . i d LT e N(1680) 5/2+ dokkk kdoRk RkkE K o Rk Kook
A1905) 5/27  sesx wrms asss d wEe ok ww N(1685) 7 .

A(1910) 1/27  wwws wwns ax e » » o N(1700) 3/27 sk dokx *x ® * * ok
A(1920) 3/27  sex wss as no e . N(1710) 1/2+ sokk kRK ok Rk sk kR Kok o
A(1930) 5/27  sex wss N(1720) 3/2+ sk ook okk okkok e
A(1940) 3/27 #= = e F (seen in An) N(1860) 5/2F #x  *x * %
A(1950) T/27  wwess wwms wwws o PR K N(1875)3/27 =k o Wk kK Rk s
A(2000) 5/2%  #e r “ N(1880) 1/2%  #x * *ox *
A(2150) 1/27  » - b N(1895)1/27 #x *ok *oke K,k X
A(2200) 7/2 = . i N(1900) 3/2: KKK ®Ek Rk R T T S S
A(2300) 9/27 s . d N(1990) 7/2+ I = *
A(2350) 5/2 . d xgggg; Z;g_*_ :* * *ox *k Kk o *oke
A(2390) 7/2_ * g ” N(2060)5/2 =x ok Hok * Hk
A(2400) 9/27  #s ws n N(2100) 1/2F =
A(2420) 11/2+ Rk dokeE ¥ N(2150)3/27  =x e Hk e poe
A(2750) 13/27 #= .k N(2190) 7/27  shokx  sokkx sk * k% ®
A(2950) 15/2+ Ll ok N(2220) 9/2F7  shnx  dornx
«=#» Existence is certain, and properties are at least fairly well explored. N(2250)9/2 L SEERCSERE
s Existence is very likely but further confirmation of quantum N(2600) 11727 sxx e

numbers and branching fractions is required. N(2700) 13/27 =%
- Evidence of existence is only fair.
- Evidence of existence is poor.

PDG estimates

(2015)



The A(1232)

First spin-isospin excited mode of
the nucleon corresponding to AS=1
& AT=1. Conventionally described
as a resonant N state with relative
angular momentum L=1

A Quark Model Picture

ot simultaneous flip of the spin
& isospin of a quark in the
nucleon

X

A(1232) 3/2t 4Py =33")

Breit-Wigner mass (mixed charges) = 1230 to 1234 (= 1232)
MeV

Breit-Wigner full width (mixed charges) = 114 to 120 (= 117)
MeV

Re(pole position) = 1209 to 1211 (= 1210) MeV

—2Im(pole position) = 98 to 102 (= 100) MeV

A(1232) DECAY MODES Fraction (I';/T) p (MeVj/c)
N 100 % 229
N~ 0.55-0.65 % 259
N+, helicity=1/2 0.11-0.13 % 259
N~, helicity=3/2 0.44-0.52 % 259

g PDG estimates (2015)



The N*(1440)

g PDG estimates (2015)

N(1440) 1/2F 14P)y = 33%)

Breit-Wigner mass = 1410 to 1450 (= 1430) MeV
Breit-Wigner full width = 250 to 450 (~ 350) MeV
Re(pole position) = 1350 to 1380 (=~ 1365) MeV
—2Im(pole position) = 160 to 220 (= 190) MeV

N(1440) DECAY MODES Fraction (I';/T) p (MeVjc)
Nm 55-75 % 391
N7 (0.0+1.0) % t
Nrm 30-40 % 338
Am 20-30 % 135
A(1232)7, P-wave 15-30 % 135

Np <8% 1
Np, 5=1/2, P-wave (0.0£1.0) % i
N(mm)E0 o 10-20 % -
Py 0.035-0.048 % 407
p7. helicity=1/2 0.035-0.048 % 407
ny 0.02-0.04 % 406
nv, helicity=1/2 0.02-0.04 % 406

¢

¢

¢

However ... its nature 1s not completely
understood

Theoretical descriptions include:

Pure Quark Model: radial
excitation of the nucleon (qqq)”

Hybrid model: N*(1440) as a
qqqG state

Dual nature of N*"(1440) as a qqq
& qqqqq states

N*(1440) as a collective excitation

< Coupled-channel (N, oN, A, pN) meson exchange description of the
N*(1440) structure. No gqq component at all.

<~ Lattice QCD



Is the study of nucleon resonances still interesting ?

After more than 60 years studying nucleon resonances one could think
that not, but ... determining in-medium (density & isospin
dependence) properties of nucleon resonances is essential for a better
understanding of ...

<> the underlying dynamics governing many nuclear reactions

<> not yet solved quenching problem of the GT strength
<> three-nucleon force mechanisms
< EoS of asymmetric nuclear matter (neutron stars)

<> their effect on relativistic heavy ion collisions

N



Isobar Charge Exchange
Reactions

Allow the investigation of nuclear
& nucleon (spin-isospin)
excitations in nuclei

v Low energies: GT, spin-dipole, spin-
quadrupole, quasi-elastic

Cross Section

v' High energies: excitation of a
nucleon into A, N, ...

Being peripheral can provide information on

radial distributions (surface & tail) of -
protons & neutrons in nuclei (neutron skin ; - total
thickness) — s information on (low density) o}

01 E

asymmetric nuclear matter ous |

0.06 F

— HFBSKP
wnes HFBSLy 4

neutron

0.01 f
0.02 p

Are important tools to study the spin-isospin X
dependence of the nuclear force

1 2 3 4 5 6 1 8 9% 10
Radius (fm)



Past Observations of the A(1232) in Isobar Charge
Exchange Reactions

1980°s complete experimental program to measure A(1232) excitation in
isobar charge exchange reactions with light & medium mass projectiles at

SATURNE accelerator in Saclay . |
(p,n) reactions (n,p) reactions

4 900 Mev/N
b 0(=0"-12")
I f (°Ne,?°F) 0 (**Ne.**Na)

Shift of the A peak to lower S L e 05[ )ﬂ\ﬂ /rﬂhk 208pp,
energies for medium & =30 VN I G W N i SO,
S ﬁ] P
heavy targets 3 o oy [ JJJ{ H 7 ' esY
Ly O] )\V ===~ 0 S
o o o -"\"“1\ |ac O.5)- » 12
What’s its origin ? Sl > ], e O
’ JIH d o5f I d
" ¢ I
0 - Tl\L"—’r"/A__um\\““\.«:m- —~ 0 _1I \51\-\_«-‘1‘7"/‘!‘_ e
| r 0.5} !
_,;f“\\ P ,J ?'H e P
05 7200 400 600 © 0 200 400 600
w(MeV)

¢ D. Bachelier, et al., PLB 172, 23(1986)
=/

cegaar



Recent EXperiments see Benlliure's talk

Recent experiments have been performed with the FRS at GSI using stable
(112Sn, ?*Sn) & unstable (''°Sn, ?°Sn, '?2Sn) tin projectiles on different

targets

® _ MUsIct
J . sc2

fragmentation

target .
n Mwi

MusICc2

Mw2
SC3

T

The use of relativistic nuclei far off
stability allows to explore the 1sospin
degree of freedom enlarging our present
knowledge of the properties of isospin-
rich nuclear systems

do/dE(ub/MeV)

(p,n) reactions (n,p) reactions
1.5 ' (“QSn,"“In) 1 sk (”28n;“28b) ' |
[ = -
0.5 =1 1 1

=3
tn o
| |
O
j =
| |
— N>
T T
O h
1 =
] ] ]

-800 -600 400 260 0 200 -800 -600 -400 -200 0 200
Energy (MeV} Energy (MeV}

Figure courtesy of J. Benlliure & J. W. Vargas

Qualitative agreement with
the results of SATURNE



In this work we study the excitation of nucleon (A, N7)
resonances 1n 1sobaric charge exchange reactions with
heavy nuclei to analyze recent measurements at GSI

In the next I will present

<> Model for the reaction

\/

**  OPE+short range correlations (Landau-Migdal parameter)

K/

A & N* excitation in Target & Projectile

<> Results of the analysis

% (1?Sn,'"’In) & ('12Sn, '1?Sb) reactions

% (1?%Sn,'”*In) & (1**Sn, 12*Sb) reactions

< Isospin content of projectile tail: inclusive &
exclusive measurements



Model for the reaction

Glauber like model
where only the nucleons
in the overlap region
participate on the
reaction & the rest are
simply spectators

Double differential cross section (spectrum) calculated as

5 5 effective number of
d_a = E E d—g N,y clementary processes
AEAS2| s )4 py Nt p ot \AEZdS2, ) 7 contributing to the

\ | reaction

|

elementary cross
sections




Elementary Processes
<> Elastic NN — NN processes

N, N, N; N,

T N, N3 T . Ni T N T N4

Py >" </N = < ‘
- \ J > <

2 1 N, N,

1

s-wave 7t production p-wave (resonance pole) m production



Two Pion Emission Elementary Processes

Note that
N(1440) DECAY MODES Fraction (I';/I) p (MeV/c)
N 55-75 % 391
Nn (0.0+1.0) % t
Nrw 30-40 % 338
AT 20-30 % 135
A(1232) 7, P-wave 15-30 % 135

=3 [mportant elementary process (but not included here yet) are

4N3

/




List of elementary (p,n) processes

< Elastic N,(N,,N;)N, process

\ /N /

N, Ny N,

>< n(p,n)p

SN SN

N Ny N

< Inelastic N,(N;,N;)N,t &N,(N,,N;m)N, processes

N p(p,n)A™ = p(p,n)pr’*
n(p,n)A* =n(p,n)nw”
\/ n(p,m)A* = n(p,n)pr’

n(p,n)P =n(p,n)nw”
n(p,n)P; =n(p,n)px’

N TN,

3 ,
\
o
/
N

/
\ n(p,mt*)n

p(p.na”)p

n(p,mro)p

1 2
,A+ = b "
N, m N p(p,A")p=p(p,nzt”)p
n(p,A" n=n(p,nt*)n

, n(p,A°)p =n(p,nz’)p
p(p.P)p=p(p,nr)p
n(p,P)n=n(p,nx*)n
n(p,B))p=n(p,nz’)p



Elementary (p,n) cross sections

< A(1232) excitation Different shape & strength of c.s.
Excitation in Target Excitation in Projectile =~ — 2 shift reson. pos. in nuclei ?
100 — 30 ———T——
T 80| — somsmonr N 1 v Reaction with a proton Target
% L n(p.A =n(p.)pr’ i - n(p.A"p=n(p.nr)p ]
é or 1l i e c.s. of A excitation in target ~ 9
& wl 4t : times larger than c.s. of A
- 1 °r i excitation in projectile
ag 20 & - sl |
o0 0 % s w e ¥ Reaction with a neutron Target
Neutron momentum Pn [MeV/c] Neutron momentum Pn [MeV/c] ) ]
. o  similar strength of the c.s.
< N'(1440) excitation
Excitation in Target Excitation in Projectile
15 S 80 o
|l — o, o |t — wromesr] 1 ¥ Reaction with a proton Target
é’ n(p.)P, “=n(p.n)pr’ 60 - — n(p.Pn;)n=n(pM;)n |
n(p,P,, )p=n(p,nx )p + . . . .
5 101 4 L el * P,," excited only in Projectile
! { wf :
g I | v Reaction with a neutron Target
a’ [~ T,=0.8GeV —
S | T } * strength of c.s. for N excitation
| 1 | in projectile ~ 1 - 5 than of N* in
0 : : ' 0 :

0 500 1000 1500 0 500 1000 1500 t t
Neutron momentum Pn [MeV/c] Neutron momentum Pn [MeV/c] arg C



Example: (p,n) reaction on a proton target

pp —> npw’

® Exp.

— p(p.n)A""=p(p,n)pr”

150 |- p(p.A")p=p(p.nz)p

— p(p.P] )p=p(nz)p
p(p.)p

— * p(p.an’)p

100 |~
Tp=800 MeV

d’0/dE dQ,_ [ub/MeV sr]

50

-800 -600 -400 -200
Missing energy E_ - Ep [MeV]

* C(Clear dominance of A"
excitation in the target

Data from G. Glass et al., PRD 15, 36 (1977)

Contribution from 5 processes

< s-wave 7t emission in Target

p(p,n)pr’

< s-wave 7 emission in Projectile
p(p.nz*)p
< A" excitation in Target
p(p,m)A™ = p(p,n)pr’

< A" & P,," excitation in Projectile

p(p,A")p=p(p,nm")p
p(p.P)p=p(p,nx™)p



List of elementary (n,p) processes

/ \ /
< Elastic N,(N,N;)N, process > < ><

NESR

< Inelastic N,(N;,N;)N,x &Nz(Nl,N3r|:)N4 processes

N3 T N4 T p(n,pyto)n

\ / P(",P)m(i o
) o > <\ pnks

2

N, 2
N, © Ny p(n,p)A° = p(n,p)nz’ Ny 7 Ny p(,A")p = p(n,pa)p
\ / p(n,p)A° = p(n,p)p \ ; / p(n.An = p(n. pr°n
_ (N
> RA,N< n(n, p)A~ = n(n, pynm >RA,N < n(n,A")n=n(n,pr )n
T p(n,B)p = p(n,pa )p
0 — 0 7T
i pin PR = pl, pin p(n, B)n = pln, p*yn
0 _
N/ ‘}\] p(n,p)P, = p(n,p)pr N N n(n,P)n =n(n, pr)n
1 2 1 2



Elementary (n,p) cross sections
< A(1232) excitation

Excitation in Target

Excitation in Projectile

100 T I T I 30 T l T l T

- || — sapappns’ i 25 | = P@AI=p@pa _|
2 80| — papa’-pappr 7 || = p@adp=pnpn)p i
= L n(n,p)A"=n(n,p)nn” n n(n,A%0=n n,pm )n

% 20 - (n,A")n=n(n,pm ) |
2 60 - i ]
O

= 3 . 15— —
a 40 — _| = i
go. L i 10 | —]
5 T =0.8 GeV 3 B
oy 20 60 — s |

0 ] | 0 |
0 500 1000 1500 0 500 1000

< N*(1440) excitation

Proton momentum Pp [MeV/c]

Excitation in Target

15

p P
—
(=)

d’o/dP dQ_[ub/ MeV/c st]
(9]

1500

Proton momentum Pp [MeV/c]

Excitation in Projectile

T ] T I T 80 T ] T ] T

p(n,p)P; ,D=P(H,P)m'fo i B = p(n.P, "n=p(n pn 7
p(n,p)P, "=p(np)pr” 60 — P, Yp=papr)p |

- _ n(n,P, l°)n=n(n,prr')n
i 40 — ]
— T,=0.8 GeV - i 7
6=0 20 —]

| L | 0 |
0 500 1000 1500 0 500 1000

Proton momentum Pp [MeV/c]

1500

Proton momentum PlJ [MeV/c]

v Reaction with a proton Target

» similar strength of the c.s.

v Reaction with a neutron Target

e c.s. of A excitation in target ~ 9
times larger than c.s. of A
excitation in projectile

v' N* excited in reaction with
both proton & neutron targets

« P, state excited only in

projectile

« P,° state excited both
projectile & target.

1n

* strength of c.s. for N* excitation
in projectile ~ 1 - 5 than of N* in
target



Number of elementary processes Ny no
Ny, = [ &bl (D)[1-T®)]P,(b)

< N,N, density of overlap region
Target

O, (D) = [ dz [ dFp) (F)py* (b +Z +F)
< Transmission function

1—T(b)=1—exp(—fdzfd37(7szPp(7)PT(5+Z+’7))

Projectile

<> Pion survival probability

P.(b) = exp(— [ dz [ &°Fo 0, (Fpr (b +Z + ;7)) T

Beam direction



08

Peripheral character o
of the reaction ~ §°

£ 02

The reaction is peripheral

v Low impact parameters

e Strong pion absorption due
to large overlap. Therefore,
[I-T(b)]P,(b) very small

v' High impact parameters

 Small overlap. Therefore,
[1-T(b)]P,(b) very small

|
o
)

|
o
o

|
N
~

|
o
)

Pion survival probability P_(b)

Impact parameter b [fm]

[1-T(B)IP, (b)

0.02

0.015

0.01

0.005

10

15 20 O 5 10

Impact parameter b [fm]



Number of elementary processes Ny

Nyw, = [ @by, D[1=-TB)]P.(B), poz,(b)= [dzf d*Fp} (F)pp* (b +Z +T)

rereton -----

n28p+'H  0.017 0.006 0.011

2Sn+12C ~ 0.019 0.003 0.003 0.007 0.006
28n+63Cu 0.022 0.003 0.004 0.006 0.009
128n+208Ph  0.027  0.001 0.007 0.004 0.015

rereton -----

124Sn+'H  0.019 0.004 0.015

124Sn+12C  0.023 0.002 0.002 0.010 0.009
124Sn+93Cu 0.024 0.001 0.002 0.009 0.010
124Sn+208Pp  0.029 0.0006 0.003 0.005 0.020



d’o/dEAQ [JubMeV sr]

NO - Y WO
LA L
; =
O
1

(112Sn,"12In) & (112Sn,!12Sb) reactions

(IIZSn’IIZIn) (IIZSH,IIZSb)
6T T 1 1 ] ¢~ T 1 1 1 1 Y Qualitative good
4 Z;ijg\ﬁ UPbo4 4 2%pp agreement with
2| o0 ;" g i—_ 2| : 3 /_Z experiment
0 0 |
N L AT T T T v' Shift of A peak to
NE . 5| 0 lower energies for

i - - - medium & heavy
targets

U L L L B

| = Quasi-elastic

— A excitation . .
l_ N'cxcitalion lH ] IS the Shlft due tO 1n-
?— e ] : ~ = medium effects ?. If
-1000 -800 -600 -400 -200 O  -1000 -800 -600 -400 -200 O °
LostenergyE ., -E, , [MeV] Lostenergy E , -E, , [MeV] yeEs, then Why 1t seems
. » to be almost the same

for all targets ?



d’o/dEAQ [lub/MeV sr]

(112Sn,"12In) & (112Sn,!12Sb) reactions

(112Sn’112Sb)

112 112
(*'*Sn,''“In)
6 T L 1 I ]
- T=1 deV/A ! | ]208 -
4 0 =40 mb Pb
2 BOL/—’\/—Z
0 i A = log=b g=L i
4 1 I ] I 1 I I I I
2
0
3
2
1
0
2 T ] L} ] 1 l |l ] )
L = = Quasi-elastic N
| - Exc. in target | ]
1 Exc. in projectile H
- = /L 1 L
—?000 -800 -600 -400 -200 0

E [MeV]

Lost energy E "

12,

l Ll

208Pb —

0

3

2

1

0

4 T T

T H |

c=doasdsSRe

?000 -800 -600 -400 -200 0

Lost energy E E [MeV]

112,

112,

Origin of the Shift

NO: in-medium
(density) modification
of A & N* properties
because the reaction is
very peripheral &
density is small

YES: excitation
mechanisms of A (N)
in both Target &
Projectile

Conclusion already pointed out in the analysis of charge exchange reactions with
lighter nuclei (e.g., E. Oset, E. Shiino & H. Toki, PLB 224, 249 (1989))



d’o/dEAQ [JubMeV sr]

(124Sn,'24In) & ('24Sn,!24Sb) reactions

>
& Projectile

of A (N¥) in both Target

(124Sn,1241n) (124SH,124Sb)
TrdowvA T ] °F T T
4T 40 mb TRy e Similar shift of A peak
20 6=0° -~ k‘ 2 for medium & heavy
0 0
e 4 targets
5 6SCu .
2~ 2
(3) (3) (124SD,124IH) (124SD,124Sb)
i T l T l 1 l T ] T |
2 |- 12C 2
; : B v S s I S B B N
1+ — 1 | 1= 2084, | | 208, |
2T T T T T 4 e Cazioass ol dan=zziar”, 1
| =  Quasi-elastic N
| — A excitation 1 | | T T T T T T T T T 4 T T T T T T T T T
1 N excitation H - / = - 63Cll y - 63Cu
I —T — - I .z 2 7]
Joo0 800 600 <00 200 o -Jooo 800 600 400 2 = ‘ 1= ]
Lostenergy E ), -E,,, [MeV] Lostenergy E ), -E,, [N = g : = '
g
g 2
=
. . . 2 1
Excitation mechanisms ©
2

L = = Quasi-elastic

w « Exc.in target 1
Exc. in projetile H |
] = /L I \ L ]
-800 -600 -400 -200 0
Lost energy E E [MeV]

124, 124,

-600  -400
E , [MeV]

-800

Lost energy El 2,



Isospin content of the projectile tail: inclusive
measurements

(p.n) channel

(n,p) channel

(AZ,A(Z+1)) (AZ,A(Z—l))

(Az,A(z+1))

Consider the ratio R =
o

(42,4 z-1))

This suggest —» n_ o f( N, N(T)) g How to disentangle ?. With
P exclusive measurements ?




Exclusive measurements & 1sospin content of the
projectile tail

(n.p) channel (p.n) channel

D:*Z+X — A(Z+1)+Jr'+X' 3):"Z+X — A(Z—1)+Jt++X

2):"Z+X =" (Z+1)+a° +X" (4):"Z+X — NZ-1)+a"+ X"

O.(l) 0.(2)
Consider the ratios (AzAza)) (Az.Aza)
R, =—5" , Ry =—57
O O
T del Az, A z-1) Az, A z-1)
n the mode
(P) (1) (T)
R _ Gnn—>pnn:_ N’m + an—>ppn:_ N”P _ Nn Gnn—)pnﬂ_Nn + np—ppr~ P
L NI (T) (T)
pp—nprt~ PP " Gpn—>nrm’+ pn NP pp—>npiw 4 N Odpn—>nm7:+ n

Seems as entangled as

AP
v N N before !!

(P) ()
R _ an%pmro N”P . Nn % O’np%pnnONP
5 =

pn%npn’o pn p

(P) (P)
This suggest —» —2_o f(N,N{)R,, x’z’)) « g(N,"”,N")R,
p P




The cleanest case: measurements with a proton target

G [mb]

o0

In this case we can R = Uzl
. . . 3
consider just one ratio o

(Az,A(z-1)

N

(P) A7(T) (P)
N, N,” N,

R =_fwpzppm o "PTPPT np—>pp7w_
1 o NN N
pp—npm” pp pp—npr” p p 4 pp—npm”
N,"
n
in this case > o« R
N
p
T T I T I T T T T T T ] T T T T 4 T I T I T ]
2 A, A - E
o5l |*® (ASn‘ASbn ) o 35 »
B-8 (“Sp,"Inn") R .
. --o—---""""”‘ 1 S
04F T — £ &
./__"’ <\}‘=; 4
- e - b" //
b e TR 25 - -
03}' - 5 .
o 2 .
L - B < -
...‘_‘“.s © 2 .«” —
g ©
02+ -y = 2 e
-y & »
Ly s
15 s _
ol - . ' _
Reaction at 1GeV per nucleon ‘/,/’/ RediionavlGeN. permisicon
_ phs s ]
0 y | . | i I i I ; | . | | I | ] { | ! | | I i ] i ’—I I 1 I 1 ] 1 I 1 I 1 I 1 | 1 I 1 I 1 I 1 I 1 I 1
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Isospin content of the projectile: model estimations

< Projectile mass number dependence
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Summary & Future Perspectives

< Summary

Study of nucleon (A, N¥) resonances in isobar charge reactions with heavy
nuclei

=  Model based on OPE+short range correlations. A & N* excitation in
Target & Projectile

= (Qualitative good agreement with recent measurements

= Origin of A shift in medium & heavy targets due to excitation in Target
& Projectile. Not to in-medium (density) effects as pointed out in
analysis of reactions with lighter nuclei (e.g., Oset et al., PLB (1989))

< Future Perspectives
Experiment

= Exclusive measurements to identify the different reaction mechanisms.
Sentitivity to the isospin content of projectile tail

Theory &
. : . . ‘ ;";”,ﬁ’/ﬂf,SijJCTION‘
» Inclusion of other reaction mechanism (25 emission) ‘ 277
o 1

= Nuclear structure must be included in a better way

= Use of more realistic microscopically based densities
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