Study of baryon resonances
with meson photoproduction
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» | ntroducti on to nucl eon resonances
and neson phot opr oducti on

- The setup at MMM I n Malnz and
ELSA 1 n Bonn

- Sone sel ected topics:

Magnetic moment of the A(1232) resonance

+
+ 1n' photoproduction

+ 1 photoproduction off light nuclei: °H, *He and ’Li
+ |sospin structure of excitations

+

Coherent n production & n mesic nuclei

> Doubl e pi on phot oproduction off
t he proton
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What do we have 1 n conmpn?

We study neson phot oproducti on
of f the nucleon via the

excitation of nucl eon resonances
(or production at threshol d)
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Nucl eon Resonances

VWhat I1s the structure of the nucl eon?

Val ence quar ks
Sea quarks

d uons

Conpl ex structure

4/43



Nucl eon at Low Energi es

> Constituent Quark Mbdel s
wth effective degrees of
freedom

S o

3 equi val ent quar k di quark quark flux tubes
consti tuent quarks

. uch nore nodel s avail abl e (chiral soliton nodels, coupled chanel dynamics)

with different nunber of degrees-of-freedom 5/43



Resonances: Excited states of
t he nucl eon

> Rel ated to the nunber of
degr ees- of -freedom

S=1/2,"=0", J"=1/2"

\ ] P G ound State: Nucl eon
1s

+

P.(939),1/2

5=3/2,"=0" J®=3/2"

\ ’1p Spin-Flip =
FIi rst Resonance: 'Delta'

1s

P,5(1232),3/2" A



Resonances: Excited states of
t he nucl eon

> Rel ated to the nunber of
degr ees- of -freedom

S=1/2,"=1",J"=(1/2,3/2) ~

I —

1s

$1(1535),1/2°
D,5(1520),3/2"

5=1/2,=17,J"=(1/2,3/2) ~

p P

1s

D,4(1700),3/2
D1:(1675),5/2
S,1(1650),1/2"

1s

D,4(1700),3/2"
$31(1620),1/2

5=3/2,1F=1",J"=(1/2,3/2,5/2)"

Quark = 1p
S and DB: Second

11
resonance regi on

And so on ...
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Resonances: Conpari son between
Consti tuent Quark Mbddel and
exper i nent
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How do we study resonances?

N .
N Resonances decay | Nt O
\ N / mesons 1Is dom nant
R {, - |l arge cross sections
+O" sss +
n T Hi storically, lots of results on

resonances provided by elastic
and i nelastic scattering of
charged pi ons

QCD: 9/43

Meson oct et




How do we study resonances?

N .
N Resonances decay | Nt O
N / mesons 1s dom nant
R {, - |l arge cross sections
+O" ‘ss +
n T Hi storically, lots of results on

resonances provided by elastic
and i nelastic scattering of
charged pi ons

Not suited for resonances coupling weakly to pions = 10/43
experinental bias: m ssing resonances?



Phot opr oduct | on:

N N
Y © * Meson
Advant age:

G ves access to additional
| nf or mati on:

el ectronmagnetic transition
anpl i t ude

G ves anot her access
t o nucl eon resonances

Dr awback:

Very small cross sections
(~ 3 orders of magnitude smaller)

Lots of background (non

resonant terns)
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Tot al phot oabsorption cross section:

Photon energy [GeV]
600 0.5 1.0 1.5 20 25 0.5 1.0 15 2.0 25
500| ('}/,p) 1
a0l
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=
b
200
100
i
. x LA
T L. S e
1.2 1.5 1.8 2,1 2.4

Invariant mass [GeV]

Fromleft to right: P _(1232), P (1440), D,(1520), S (1535), F (1680)

Dfficulty: Due to short lifetine, resonances

are broad and strongly overl appi ng
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What we all have 1 n conmon:

’ Meson Decay Products (nostly phot ons)

"
-m-

Resonance

H gh ener hot on i
g 9o P or threshold reaction

\ Recoi |l Nucl eon, charged pions
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What we all have 1 n conmon:

The Set up

W need to...

’ Meson Decay Products (nostly phot ons)

[Zesonance L am="

-

H gh ener hot on .
J P or threshold reaction

\ Recoi | Nucl eon, charged pions

*

1: Produce high energy photons  2: Detect decay products
100MeV to ... (3.2 V) phot ons, protons, neutrons!443

charged pions, el ectrons,




Pr oduci ng hi gh energy phot ons:

Brensstrahl ung taggi ng

M beam dump

T
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e detectors
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2000:_ Pol ari zed phot ons are produced
Hi gh Low on a di anond radi at or
q Energy Ener gy via coherent bremsstrahlung 15/43
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Accel erators: MAM 1 n Ml nz

ey Lo
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First data taking
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Accel erators: ELSA I n Bonn

" Electron Stretcher Accelerator (ELSA)

Crystal Barrel
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Det ect or s:

Ball and TAPS

Cryst al

| NZ

| n Ma
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SAWP s
. Particle Identification Detector
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Det ect or s:

In Bonn, Crystal Barrel and TAPS,

Mini-TAPS

. L Crystal Barrel
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PID Energy [MeV]

Det ecti on Techni que 1/ 3:
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X Small ener gy
deposition In
t he vet os

X Lar ge energy

deposition In
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Ratio is different
for each type of
charged particle
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Time of flight [ns]

Det ecti1 on Techni que 2/ 3:

Time OF Flight
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Det ecti1 on Techni que 3/ 3:

Pul se Shape Anal ysis ( TAPS)
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What do we want to do:
Sonme sel ected topics

4
4

A(1232)
magnetic
moment

production

q
4

ls0spin
structure of
resonances

N

"

-

4
4
4

Coherent 1) w = =

production

N

4
4

n mesic -

nuclei

4
4

Double pion w = =

production

AN
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W want a preci se description
of the |owest |ying resonances
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W want a preci se description
of the |owest |ying resonances

E / MeV A(1232)

Mass: 1232 + 2 MeV %
Wdth: 118 + 2 MeV #* %

5 , Next fundanental quantity:
Y

1232- .
............... Magnet i ¢ nonment

Due to quark spins and to the
Y average of quark currents

Very sensitive test of the
Q38— N pro’ron t heoretical hadron descri pt i on

Yp—A—Y' A—Y' AT’ —9 Benedicte Boillat (11h00) *°'*



W want a preci se description
of the |owest |ying resonances

E/MQV
Remar k:
Magnet i ¢ nonent
............................. of t he 811(1535)
12324 Y is determined in the
............... SarTE \/\ay
Y
YP—S, —Y'S, —Y'An
Q38— N pro’ron

Measur ement under way ...
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W want to know precisely the
| sospin structure of the

el ectronagneti c excitations of
t he resonances

W want to use the difference between the
proton and the neutron (lIsospin) to
characteri ze resonances

28/43



El ectromagnetic interaction violates |Isospin

| n a neson photoproduction reaction, the transition
operator is split into an isoscalar (A° | =0) and
an i sovector part (AY, | =0, %1).

a(yp—np) ~ |A7* = |A® +A"|°
O-(Yn_)nn) ~ |An|2 |A|S A'Vl Clebsch Gordan,

Isospin Composition

Val ues of A° and AVdifferent for each resonance

29/43



Neut ron Target? - Deut eri um Tar get

®-

Nucl ear effects
have to be taken in account

30/43



Deut eri um Tar get

Neut ron Target? -
1.5 I ]
10 811( 1535) al
7.5 #’
— | L
0 750 1000 1250 1500
=5 E [MeV]
©
2.5
A s 2/30(pn)
. * o(nm —
0

800

1000

1200 1400
E [MeV]

1600

®-

Nucl ear effects
have to be taken in account

First try on the S

whi ch has a | arge (50%
coupling to the eta

o(yn—nn)/ o(yp—np) = 0.66 +0.08

|A= —AY|/|A” +AY| = 0.82 +0.02
e

Close to 1: Either AS

IV. -
or AV iIs dom nant .



o(yn—nn)/ o(yp—np) = 0.66 +0.08

ol ' 1 |A= =A"[/|A” +A"| = 0.82 +0.02
10 - 811( 1535) '
. /
Close to 1: Either A°®
75 or A" is dom nant
#% 0.8l ET=780—82O MeV
—_— | L
750 1000 1250 1500 o
3.5 E,[MeV] g
© =
g
- = MAID
2.5 0.4 — negative sign of A](S,,)
. positive sign of A7 ,(S,,)
i s 2/3c(pn 0.3 05 0 0.5 1
L] - cos(@,)
. I * o(hm)
0 Furt her anal ysis
600 800 1000 1200 1400 1600
E,[MeV] v
A"Y is dom nant:
A'SI AP = 0.09
N BAYiUX
13~ CAEN | soscal ar contri bution 3@ S

— cross section is small (9%



1.5
10 S (1535) {
7.5
= 0.5 ' :
750 1000 1250 1500
=5
©
b
2.5
‘l
. a(nm
0
600 800 1000 1200 1400
ET[MEV]
Igal Jaeglé Thesis

Beyond the S (1535)

Behavi our of an/ o

conpletely different
at hi gher energies

Si gnature of higher |ying
resonances that couple
stronger to the neutron
than to the proton.

? D_(1675) (wD

? P . (1710) Menber of the

decupl et predicted by chiral
sol i ton nodel

? | nt erf erence bet ween

S,,(1535) and S (1650)
33/43

? Due to 2K threshol d



@ﬂ | sovector part 1s dom nant
B jn S (1535) excitation AS A = 0.09

225

Test wth coherent eta production on different nucl el
S Is dom nant

11 toherent reaction

Quant um Nunber s

Y(ET) + N -S> N + n

J: -1 +1/2 -1/2 -1/2 0

N/

Spin Flip

34/43



M | sovector part Is dom nant

K

BN S ,(1535) excitation AS A = 0.09

229

Quant um Nunber s

YEE1) + N - S - N + n

1

J: -1 +1/2 -1/2 -1/2 0

' Test on light nuclei

Spin Flip
4 . :
He. | =0, J=0 (Isoscalar, non spin-flip) no coherent production
H: | =0, J=1 (Isoscalar, spin-flip) snmal | coherent production

He: | =1/ 2, J=1/2 (lIsovector, spin-flip) | ar ge coherent production
7 & -
L| . |1=1/2, J=3/2 (lsovector, spin-flip) | ar ge* coherent production

* Due to nuclear formfactor, coherent cross section on ’Li
smaller by ~ 1 order of magnitude 35/43

‘He: Francis Pheron (11h40) "Li: Yasser Maghrbi (11h20)
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More Exotic: N Mesi ¢ nuclei on °He
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n

' sane work wwth a different probe

- = O(NNM’)
asf «  o(npn’)
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New experiment in progress 37/43
Dominik Werthmiiller (next year)



W want to study resonances
w t h doubl e pi on decay

W = =
N* (1=1/2) D (1708 A (1=3/2) Decay with double
1700 B e " pion final states
£ W opens new ways to
study resonances.
1500 —+8 (1520) &
1300 ==
P1 1 (1 4-40)_)(-I-[O-rl-o)s-wave
1100
D_(1 520)—pn—T1’mT'n
=
800 —— n ;
maass § Meahf
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Doubl e pion off the proton:

The asymmetry:. a good tool to
di sent angl e resonances

The asymmetry is defined by the angle between the reaction
pl ane and the plane defined by the two pions

Asynmret ry: yp—omnn
P
A= 1(7+ a_
P,o"+o

For circularly polarized photons

/ (left and right handed)
//

Rich informati on due to the presence of 3 particles in the final state
40/43



The asymetry:

The asymetry

| S

very sensitive to

t he |1 nternal
detail of the
nodel s.

Suited for an
| ndi vi dual
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vyp »Tirt’p at t hreshol d: test of
Chiral Perturbation Theory

ChPT predicts that cross section at threshold
is donminated by 'pion |oops' for double m® but
not for m’m" and T

ThUS O'threSh('lToTl'O) > O'threSh(Tl'o'I'l'+) but O'(TI.'O'ITO) < 0'(1T01T+)

n —
= L
0.04f % *f ﬁ
B At }
| 8| 1 % Q!
’ - ggf k } {

Proton 0.03— / .

- _/?'{ !
Bl ack: This work 0.02—- ° - I
Red: Pr eVI OUS : 0 100 200 300 400 500 600 TOOEnerEgﬂyO[Mev] - .‘-‘_."- i
TAPS neasur ement ) id
M Kotulla 0.01— o gl
Phys: Lett. B578 B
(2004) - ..{ R

u PErahta £ .
Curves: ChPT 0 gt 2k —
Aver age and Upper B
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Qut | ook

Meson phot oproduction Is a broad and precise
tool to study nucl eon resonances

In a 35 mnutes talk, P (1232), S (1535), P (1440),
D.(1520), S (1650), D, (1675) and P _(1710) and various
t hreshol d processes have been nenti oned

Wel | established & specul ative ones

Very active field: new doubl e pol ari zati on
experi nents

Next year: meson photoproduction on heavy nuclei, in-medium
modification of mesons and resonances.
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