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A2 and TR-16:
Questions of spokesperson:

Einordnung der Fragestellung innerhalb
des SFB:

The extraction of baryon resonances and
their properties is a central topic of TR-16.
Partial wave analysis is the method to
achieve this goal.

Fortschritt seit Beginn der Laufzeit des SFB
sowie des letzten Berichtes
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- nahere Bezeichnung der fur den Arbeits-
und Ergebnisbericht eingeplanten
Resultate und neuen Erkenntnisse
* Understanding of first, second and

third baryon resonance region

- Darlegung des bisherigen Mitteleinsatzes
und des Mittelbedarfs fur 2007
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Dr. habil. A.V. Sarantsev (50%)
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Project leader:

E. Klempt and U. Thoma
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Central topic for
resonance physics



D15(2070) J=1/2
D15(2070) J=3/2




P33

PSS

L)
— ™~
8 —
_ | 2
—
.@@@&
-

-t — &
.r...,lanWlIlllllml ||I..‘..41. B =
u.lmrrlu_m_.ﬁ;m@ |
NI IR NI N 1 N N A N A A R
-— L o [ ) o o
[ |
Lo
— M~
—
|
—
I I
.mf|||||¢m|||||mul ] E
e -—

S o
IIJ@-.&...... —

S

___________________________..._.I

S S o < <

1l 9y

M (tN) GeV

M (zN) GeV



33 33

0.5

04

Im T

L]
IIII|III||IIII|IIII|IIII|IIII|IIII
\3
&
B

0.3
0.2
0.1

-0.1

| I R I

i

125 15 175 2

M (tN) GeV M (7N) GeV

—
—
)
on
—
on
—
-..,_J
o
]



Re T

- |— B
- 08— :
- - - i
= g — 06F g o 5 o
- g 0 - o | .
- o 0 o 2L
E_ gffltﬂi%% E § 0.4 - O B} §
—_ L,H..-' l::. - {
3 @ 2
- ﬁ oL cesoa®™
3 3 ;
- T =l 02F
1 1 | L1 1 | L1 1 | L1 1 | L1 1 | _I | | L1 1 | L1 1 | L1 1 | 11 |
1.2 1.4 1.6 1.8 2 s 1.2 1.4 1.6 1.8 2
F .
_ Prediction c

s 04
R 0.2
BE

Rsiseseser :
S.”. TEN.-n. N 0.2




Future programme

Isobar fit to all forthcoming photo-
production data from Elsa, Jlab, Graal, ...

Implementation of methods to reconstruct
energy-independent partial wave
amplitudes

Inclusion of decays into baryons with J>3/2

Implementation of amplitudes to describe pion-



A2 Results:
from yp . p1® (and other data)

Properties of Roper resonance

* Interest:
* Low mass, incompatible with quark models

incompatible with LQCD
* Member of decuplet?
* Two Roper resonances?

2 Ttdecays of baryon resonances
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First fits where resonances are
overconstrained:

* IN—- NT elastic scattering
TTp— nT M inelastic scattering
YP- NT photoproduction

YP—= pTOTC photoproduction

First event based likelihood fits
In baryon spectroscopy



Results:
TABLE I: Properties of N(1440)P1;. The left column lists

mass, width, partial widths of the Breit-Wigner resonance;
the right column pole position and squared couplings to the
final state at the pole position.

M = 1429 £ 14 MeV Mpoe = 1371 -+ 10 MeV
I = 182+ 16MeV  Thoe = 320 + 60 MeV
I'-n = 112+ 11MeV  g-n = (0.4940.05)- e—iw%
Pon = 39£7MeV  gon = (0.89£0.13) e~ 150
I'ra = 27 =% 4 MeV JrA — (_0_58 + 0.08) ) eiw%

Ay 2 = —0.065 £ 0.015 GeV




N{1535)5¢1 N{1650)514 N{1720)P4g N{1520)s  N{1700)D1qs MN{1675)Dqy N(1680)F1s  A(1620)537 A{1700)Dgg
Mass 1508745 1630415 1640455 150947 1730415 1639410 167445 1615425 1615450
FD G 1405-1518 1640-1650 1660-1750 1505-1515 1630-1730 1655-1665 16681678 1580-1620 1620-1700
- 165415 187+20 415420 116+11 1334185 155420 95410 200430 300460
FD G 90-250 150-170 110-390 110-120 B0-180 105-185 105-135 100-130 150-280
Mew 1543410 1645415 1745425 152047 17604185 1672412 168448 1660425 1770460
FD G 1620-1550 1640-16580 1660-1750 1515-15630 1680-1780 1670-1685 1675-1690 1616-1670 1670-1770
r2w 150415 180420 481465 133412 145420 210425 98410 250460  600+£120
FD G 100-200 145-140 100-200 110-135 BO-160 140-180 120-140 120-180 200-400
Ay -0.08640.035 -0.09540.035 -0.102+£0.023  0.0074+0.015  0.026+£0.012  -0.0254£0.010  -0.01240.0058 -0.1240.04 0.14540.035
phase (an 4+ 20y” (25 4+ 3037 —{10 4+ " — —id+m° —i7 4 83" —ido 4 15y —(8 4 8" —iin 4+ 1m"°
FDG  (0.090 + 0.030) (0,053 + 0.016) +(0.018 4+ 0.020) -(0.024 4+ 0.000) —(0.018 + 0.012)  0.0194+0.008  —(0.015 + 0.008) 0.027 + 0.011 (0.104 4+ 0.01%)
Az 0140002 0.1374+0.012  0.075£0.030  -(0.044+£0.012)  0.1051+0.015 0.22040.100
phase —(10 4+ 5" —(5+m° —(6+a° —(7 £ 8)° —(5+m° —(18 4 10)°
FDG —(0.019 4 0.020) 0.166 + 0,008 —(0.002 4+ 0.024)  0.0154+0.009 0.13340.012 0.085+0.022
Imiss - - 641 % 1345 % 645 % 204819 a4L207 20459% 55T
FDG(Npg) < 4% 4-12% T0-95 T 1525 7, < 306% < 1—-3% 3-15 % T-26 % A0-50
j 3749 % T6410%, 22643 % B8 % Efi %% 33487, T24+15% 25487, 15+8 9
FD G 35-58 % 55-00 % 10-20 % B0—60 T B—15 0% 40-50 7% 0-50 %, 10-30 % 10-20
yw 404+10%, O44 % 1648 % 0.240.1% T+4% 1+5% 0+3 % - -
PO an-50 % 3-10% (d+1)% 0.2340.04 % 0+1% 0+1% 0+1%
Ne - - 443 % < 4% 24412% 1045 154+4% -
FPDG < 4% < 8% 56-20 %
[ AmiLety 404+11"% 1244 % O+5 % 2448% B+3%
L=J PDG 512 % f—-14 % 80415 %
T 2048 9% 1244 % 0.240.2 % 1645 % A0+15% < 3% 3+3% 33420% 30-60 %
L=1 PDG <15 10-14 % < 2% 30-60 T
Ipyym 242 % 14459 =< 3% - 214+15% =< 5%
I'pyar - - 10+6"% - - -




N(1650)811 N(lTQO)Plg N(ISQO)DB N(1'700)D13 ﬁ(lTOU)Dgg

[an(Ley) 40411% 12449 045 % 2448 %

L<J PDG 5-12% 80+15%
Darsy 02£02%  16£5%  30+15% <3%  30-60%
L>J] PDG 10-14%

Strange pattern in Atdecays,
not predicted by any model




Analysis techniques:

Scattering theory

Elastic scattering

Weak couplings (D-vector)
Production (P-vector)

Production and weak decay

Plus non-resonant contributions

S=I+iT,
(T +i Iy = T +il = K

T =K (1-iK)"

A=K (1-iK)'D

F =P (1-iK)"



Baryons from Protvino

Use existing equipment to get more
data on baryon resonances

Study pion induced reactions
No additional manpower

Constraints from Protvino data will
yield more and better results which will
be assigned (in Germany) to TR-16
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LAYOUT OF IHEP EXPERIMENTAL AREA

E=70 GeV,
I=1.710" ppp

Beams of m, K, p, e, v

* Fast extraction
* Slow extraction
* Extraction by
crystal

* Internal targets

[ ] - Running experiments

I - Experiments under preparation

4_Booster
Project OKA SVD (IHEP, MSU) : 1.5 GeV
(IHEP, INR,
JINR)
—+ 30 MeV
S — RFQ Linac
‘ TNF (IHEP, INEN, JINR)
SPIN@U70
ND (IHEP, JINR) (Michigan, RAMPEX (IHEP,UoM, JINR)
Virginia, VES
Protvino, T MIS TTEP

TRIUME) (INR, IHEP, JINR)
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Meson spectroscopy
VES (IHEP)

* Observation of 7(1800) unusual decay
modes, which are in agreement with
predictions of Flux Tube model foe
hybrid mesons.

* Observation of p(1600) state with
exotic quantum numbers J*¢=1-"
(forbidden in quark-antiquark system)
for n’w, b,w, pr decay modes. This state

is strong candidate to hybrid meson.

600 f— ++
400 f— +

.
200 —

R VES layout

o
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Baryon production in - p interactions at 20 Gev/c
(few examples of baryon-meson correlations)

n- 20 GeV /'n_
I

IG Jp=0+ o=~Ilmb ->=3*10"7 ev/day
\ 0+
p M
N+(1/2+),N+(3/2-),N+(5/2+)...
- -
~ > % A
IG Jp=1- 0- 0 6=100 pb ->=3* 1076
> ev/day
N+...A+...
w-_ . _______— -
IG Jp=1+1- T =30 pb  ->= 1076 eviday
ﬁ
A++...

(3 )
o=30 pub ->=10"6 ev/day

Optimal momentum: 15 -:- 20 Gev/c



