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TTnaH:

BeeneHue: pertextop Crystal Ball
CnekTtpockonua nerkux 6apuoHos
Hekotopbie pesynbTaTtel akcnepumeHTa B BNL

CB@MAMTI: Ha nyTu K "nonHomy Habopy”
usmepeHum

$usuka pacnanoB NCeBAOCKANAPHLIX Me30HOB
BosmoxHocTtu npumeHeHus Crystal Ball 8 JLab
3akntoveHue



CnektpomeTtep Crystal Ball

m  Crystal Ball gpoToHHEIM cnekTpomeTep cocToawmn us 672 kpuctannoe
NaI v BbINOSIHEHHLIN B (popMe ABYyX nonycgep

s Tlonycgepbl repmeTUYHBI U OTKa4YeHbI, BaKyym obecneuusaer
MeXaHUYEeCKyO MPOYHOCTL MONyCgep U HU3KYHO BIIGXHOCTb BOKpYF
KpUcTannos.

m  CpepnHee paspelweHue aetektopa: o(E)/Ex0.02//E(GeV), o(©)~2°

MUcTtopusa cnektpometpa Crystal Ball:

1976: Crystal Ball 3anoxeH

1978-1981: SPEAR, e+e- collider (Ecm = 3-7 GeV)
1982-1986: DORIS, e+e- collider (Ecm = 9-10 GeV)
1987-1996: CB Ha xpaHeHuu B SLAC

1996-2002: BNL-AGS =*, K* (Ecm = 1.2-1.53 GeV)
2002: CB nepeseszeH 8 MAMTI (Ecm = 1.2-2.0 GeV)
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m Problems of hadron physics:
Nature and properties of the confinement
Relations between QCD and the CQM and other models of hadrons
Correlations of color and role of glue in light hadrons
Structure of the nucleon
m  Tools of non-perturbative QCD:

Lattice QCD: significant progress is made, but reliable predictions are matter of
the distant future.

Hadron models:
= The constituent quark model
= Bag/Chiral Bag models
= Algebraic models
= Soliton models
= Color-dielectric models

= Skyrme models



Cross section (mb)
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Spectrum and properties of the excited states

Mystery of missing resonances

Existence of exotic states: pentaquarks, meson-baryon molecules, efc
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N* and A* (vud, udd) resonances are wide (~100 MeV)
and overlapping, the data sets are incomplete,
therefore the results of PWA ambiguous, accuracy is
not sufficient, the states are too light to be
calculated reliably on lattice

A* and Z* (wus, uds, dds) are much narrower,
however the existing data set is limited and
inconsistent (particularly for Z*)

Known =* are very narrow (~10 MeV), the rest of =*
is expected to be narrow as well, reliable lattice
calculations are possible, however the available data
are very limited, quantum numbers are not well known



OetexTop Crystal Ball 8 BNL/AGS
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Baryon Spectroscopy with the Crystal Ball Sva

Participants L D Isenhower, M E Sadler and students, Abilene g WU e e e )
Christian University . - . .
Participants: M. Clajus, S. McDonald, T. Moriwaki, B.M.K. Nefkens
M. Clajus, S. McDonald, T. Moriwaki, B. M. K. Nefkens, W. B. W.B. Tippens, D.B. White, students, UCLA

Tippens, D. B. White and students, UCLA

L.D. Isenhower, M.E. Sadler, students, Abilene Christian University
W J. Briscoe, T. Morrison, Z. Papandreou and students,
George Washington University W.J. Briscoe, T. Morrison, students, George Washington University
A Efendiev and others, Joint Institute for Nuclear

D.M. Manley, students, Kent State University
Research, Russia

L Slaus, A. Svarc, M. Batini¢, A. Marusié
D M Manley and students, Kent State University Rfdi;lsﬁoécj\:;aércfnstituile;’greb ——
? ?

V. Abaev, V. Bekrenev, N Kozlenko, 8. Kruglov, |. Lopatin, .
and A. Slarostin, Petersburg Nuclear Physics Insfitute, A. Efendiev and others, JINR, Dubna
Russia

V. Abaev, V. Bekrenev, N. Kozlenko, S. Kruglov, I. Lopatin,

M. Batinic, A. Marusic, | Slaus, | Supek and A. Svarc, A. Starostin, St. Petersburg Nuclear Physics Institute, Gatchina
Rudjer Boskovic Institute, Croatia

m  Properties of P11(1440), S11(1535), D13(1520) from reactions mp->yn, mp->1°n,
wp->21°n, , wp->3n°n, Tp->nn

m  Properties of hyperon resonances: A(1405), A(1670), 29(1385) in reactions Kp->
TOA, Kp-> 9Z, K'p-> n A, K'p-> 2mOA, K'p-> 2m0Z, etc



CeoiicTea pe3oHaHcos P11(1440) n S11(1535)

N(1535)sS11

SMA5 PWA

€ m  Unusual properties:
£ 30 Large BR(S11(1535)->nN) ~ 60%
1; Unusual speed plot
20 m Suggested interpretations:
“cusp” at the threshold of w-p->nn (Hoehler)
i KZ molecule (Kaiser)
nN bound state (Oset)
° 0.6 08 1 N(1440)P11
e GRY 0 m In the bag model and in the Skyrme model the Roper
Gy resonance is surface oscillation ("breathing mode")
m  In the CQM two low-mass scalar excitations predicted.
For OGE:
i ol The mass of the first $++ exceeds the mass of the
R T 3- by 80 MeV (experimentally ~100 below)
| The spacing between the two 4+ resonances is
““““ e predicted to be ~220 MeV (experimentally ~270
S T MeV)

o

Figure 5: Speodplots near S1L{1535) and S11{1650)



Peakuuu mp->1mn u mp->nn 8 obnactu S11(1535)

! ! CB I1"avtng'e ' ‘ "
| — 0.4 0.2 €
w0 b) g
}é‘ 7500 mp-2>yyn
© 5000
0.2 0.1 . )
Tl'-p':"ﬂ.'on 2500
Q.m=136 deg 0,.,=109 deg j\
%.63 o7 577 9.63 . 0.7 0.77 0 0.2 0.4 0.6
p, (Gev/c) o, (GeV/c) ¥y Invariant Mass (GeV/c?)
e wevse 1 'm About 800 new data points for the np->a°n and np->nn
% . ¥ % heseesewe—gEE . L .
fef ZeofitE IR diff. cross sections in the region of the S11(1535)
= S S S e = |
SE ;| sl i m New parameters for the S11(1535) from the SAID SP06
R = U 93 MeV/c | . . .
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SV 300 (e ¢ m  The total cross section for np->3n°n was used to
5250 | Y : il (11, Lebett calculated the BR(S11(1535)->P11(1440))n° ~ 0.08
5200k, E o = = F| 200 B o ol
f‘;m: Bl cuame Sk Sl f]’ao oMy 1 I 1
s o] St w . A.Starostinetal., PRC 72, 015205, 2005
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S.Prakhov et al., PRC 72, 025201, 2005



Ceowictea P11(1440) n mp->21°n
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m  High statistics Dalitz plot for 15 beam momenta
m  Direct observation of the P11(1440) in the total cross section
s Important input to the Bonn-Gatchina analysis (Phys. Lett. B 659:94-100, 2008.)
m  New parameters of the Roper:
M = 1436 + 15MeV (Mpole = 1371 + 7MeV)
I = 335 + 40MeV (Ipole = 192 + 20MeV)
N = 205 + 25MeV:; ToN = 71 + 17MeV; nA= 59 + 15MeV

S.Prakhov et al., Phys. Rev. C 69, 045202, 2004; K.Craig et al., PRC 69, 045202, 2004
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Ceouictea A(1670) n K-p->nA
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m  A(1670) - "strange” analog of the S11(1535)
in the flavor symmetry, but much narrower
(only I'~25 MeV)

s A(1670) dominates Kp->nA near threshold,
mass and the width of the resonance can be
determined directly from the total c.s.

s New properties of the A(1670):
1 M=1650+5 MeV
[0 =24:4 MeV

A.Starostin et al., PRC 64, 55205, 2001



dkcnepumeHTsr ¢ Crystal Ball 8 MAMI

m  The detector arrived to Mainz in Nov 2002, first data in Summer 2004
m  Physics program:

Magnetic dipole moment of A(1232) and S11(1535) from measurements of radiative yp->n°yp and
YP->npy

Measurements of the polarization and double polarization observables with linearly and circularly
polarized beams and longitudinally and transversally polarized hydrogen and deuterium targets

Physics of n and n' decays: test of the ChPT, EM form factors, symmetries
Medium modification effects with the w(782) and the pion-pion system
Coherent meson production on nuclei

Eta-mesic nuclei
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Yckoputens MAMI

...... Coincidence *
Electron Ladder

Focal Plane:

' Primary
Beam

Microscope
DETECTOR
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& Colimator
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Photon E., arge

8 | First run with 1508 MeV beam: spring 2007
First run with 1558 MeV beam: spring 2009
m  First run with 1604 MeV beam: winter 2010?

* Electron
ot [BOAM By [/

Radiator &
Maximum Electron Energy: 1.5 GeV
Maximum Intensity: 100 mkA
Resolution for photons: 1 MeV




TTepebre pesynbtatel MAMI-C

‘E C I 3 IT - CB-ELSA [2] ) E 161~ 4
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_ 1 m  Properties of the A(1700)D33 from the
g g (e) total and the diff. c.s. of yp->nn%p
N El o (V.Kashevarov et al., accepted to Eur.
U 1 Phys. Jour. A)
0.6 0.8 Yp->np m  Upper limits for the C forbidden decays
04 0.6F of w(782) (A.Starostin et al., Phys.
0.4 Y CB(Juroz) Rev. 79, 065201, 2009)
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. . . . ! ! > in preparation
07 05 o0 05 1 07 905 0 05 1 np (in prep )
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Polarized Photons @ MAMI C

N, =2-10° s"'Mey ™

circularly polarized photons

MAMI C : E, =75-1425MeV AE, =4MeV
linearly polarized photons
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TTonapusoeaHas muweHs MAMI

I'qu'% helium from the still internal superconduct ng 'holding coil’

=]

| 0 me BUtANOI (C,H,OH) B=2 5T
[E.Dzyubak et al., NIM A 526 (2004) 132-137, OPERASD calculations]

B=05T
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HyknoHHbIU nonapumetep MAMI

do B 1da
P30 = 2dQun

{1 = P{Tc0s26 — 0. (P} Oxsin 26 + P
+oy (P — PIT cos2¢) — o (PFO, sin2¢ + P

TA2Polarimeter e3adpi
Entries 4474
- Mean 11.44
RMS 88.66
_ %2 I ndf 773719
UHC po -0.1353 +0.0307

0

-0.1

-0.2

-0.3

0.1F

T L L L TR T R S B
-150 -100 -50 0 50 100 150
Recoil Phi (deg.)

2.5 cm thick
graphite cylinder

Y2

Reconstruct

‘y 17ro from y’s

m Initial proton asymmetry is observed for
the reactions yp->mp and yp->np. The
asymmetry is in reasonable agreement with
the MAID predictions

m  The analysis of a large data set is currently
In progress.



“TTonHbIM Habop" n3mepeHUn B POTOPOXAEHUMU

nceBAOCKANApHbIX Me30HOB

Usual Helicity Transversity Experiment Type
symbol representation representation required a)
dofdr  INP+181% 18,2+ 1D1> by 12 +1b) 2+ b3 +1bg)? {~—-}
£ do/dt 2Re(StS, — ND*) by 2+ 1bal? — 1b31% — gl %‘%}”% —i -}

S
Tdo/dt 2Im(SIN* — S, D%) 1byl% —{by1? — b3l* +1bgl? &(%1;5)} 0.}
Pdo/dt  2Im(SN* —S1D%) Iby® — b1+ 1b31% - 1bgl® %;(;;3;} b}
Gdo/dt —2Im(S1Sy* + ND*) 2Im(byb% +baba*) {Lxim;z; -}
Hdo/dt —2Im(S;D* + SyN*) —2Re(byb3* — baba*) {Lgm);x; -} BT
Edo/dt 18212 —1S12—IDI*+IN1?  —2Re(byb3* + byba*) {e;2; -}
Fdo/dt 2Re(SD* + S1N*) 2Im(byb3* — babg*) {e;x; -}
0,do/dt —2Im(S,D* + S1N*) —2Re(b1ba* — bybs*) {L(edm; = x'}
0,do/dt —2Im(S3S;* + ND*) ~2Im(b ba* + byb3®) {Lim; =2} BR
C,do/dt —2Re(SyN* +5,D*) 2Im(b1ba* — bab3™) {e; —:x'}
C,do/dr 1532 =181~ INP+IDI>  —2Re(b1ba* + bybs*) {e;—;2'}
Tydo/dt 2Re(S;Sy* + ND*) 2Re(b1by* — byba*) {—x;x'}
T,do/dt 2Re(SN* — §,D%) 2Im(b1by* — b3ba*) {=;x;2'} IR
L do/dr 2Re(S;N* — §1D%) 2Im(bybo* + b3ba*) {-;2;x'}
L,do/dt 1512 #18,2 ~IN?—IDI>  2Re(biby* + b3ba*) {-;z;2'}

al ..

P |

".. a necessary and sufficient condition that
three measurements give complete
information up to an overall phase and
up to discrete ambiguities when taken
together with do/dt, Z, P and T is
that the three measurements are not
all taken from the same set.”

"To eliminate the discrete ambiguities ...
two further measurements will suffice,
provided that of the five double
polarization measurements .. no four
come from the same set.”

I.S.Berker, A.Donnachie, J.K.Storrow,
Nucl. Phys. B95 (1975) 347



" A
Polarisation of

Observable y target recoil
b _________________________________________________-—

1. {do/dQ}/N by [2+ 16,12+ (b3 [+ b, |2

Single polarization

2. P p' =1b, 12— b, 12+ 6.2 — b, ]2
3. = » =1b,2+ b, 12— b, 12— b,
|4. T y $“3'1|2_|bz|2_|b_’,|?"+‘|b-1|2|

Double polarizaton
Beam-target

5. E c z =2Re(b. b¥ +b,b¥) |
6. F ¢ x =21Im(b,bT —b,b2)
7. G t z =2Im(b,bY +b,b})
8. H t x =—2Re(b,b3 +b,bF) |
Beam-recoil
(9. C, c x’ =—2Im(b,b¥ —b,b?) |
10. C, ¢ z' =2Re(b, b +b,b%)
11. O, t x' =2Re(b,by —b,b})
12. O, t z' =21Im(b,b} +b,b¥)
Target-recoil
[13. T, x x’ —2Re(b,b* —b;b¥) |
14. T, x z' =2Im(b,bF —b,b})
[15. L, z x’ =—2Im(b,b3 +b;b5) |
6. L, z z' =2Re(b,b} +b,b))




MaTpUUHLIV 3nemMeHT n->Tyy

The CB (AGS and MAMI-B) results on the yield of n—n’yy as
a function of m?(yy) and comparison with the VMD prediction
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= m(yy), Dalitz plot of n->=n°yy:
Can be used to test quark models, VMD
m  n->n°yy in ChPT:
The leading order of n->n°yy is forbidden because there is no direct y-n° and y-n
coupling
The tree diagram of the second order is also forbidden for the same reason
The loop diagram of the second order is suppressed because it violates G-parity

The third order is the first allowed term, there for the decay width and the Dalitz
plot of the decay are sensitive to the third and higher orders of the ChPT expansion



N3mepeHus n->m°yy Ha MAMI-C

Preliminary analysis of n—n’ywith the CB at MAMI-C
(data from April, June, July 2007)

bporp)  [Envies zeas
e Tl B | wof m  AGS statistics: 500-1000 n-
ool oo ooy >w°yy depending on cuts (about
2t ~f TS '31%3 J 30M eta’s total)
g3 0.4 0.5 0.6 07 a3 04 05 06 0.7 .3 04 0. 5 0. E 07
. et i, Randem . e - o m  Current MAMI-C statistics
Entries 11428 [Entries 9]
e oF (2007-2009): 1000-2000 n-
o | >n°yy depending on cuts (about
o os} H 60M eta’s total)
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’ mxy), ME(°x) ’ {0y} MC{n — 1) m(a®y) MCn —-11) [ ] We propose to increase
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8.3"" 0.4 ll.lﬁ l)..B D‘E: E.Q D.I4 D..S D.IB IJ.I? %.3 04 05 IJE 07 inveSTigaTe *he Dalitz ploT and
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the matrix element



n->3m° Dalitz plot

Physical motivation: tests of xPTh calculations g imegral 3302355 %
0 S : . 5 @ § | T—— (o
* n—3n’ - G-parity violating strong interaction, 15 20150 ~
occurring due to the m -m difference I o _
« A(n—3n") ~ (m,;m )(1+az), o0s|- 005 -
0 s - 2 ! ! ! ! = ! ]
I_‘(T]_)}E ) (md mu) (1+2[I.Z), 00 0.2 0.4 0.6 0.8 1 00 0.2 0.4 0.6 0.8 1
zZ= 6/(mq-3mm)2Zi(E‘ﬂu-mH/S)2 = p*/p* .. Z, 50 Z, 4
precise measurementﬂ of o is required for a better m o megra vaorescs | [Stope Fit 77t 315718
calculation of I'(n—3n"), needed for the m -m @ 01-15:( p1 0.0322 + 0.0012
) u § o8r ©| 2@
difference & s
0.6 81.05*
* Analysis of the n’n’invariant mass in the vicinity of 04k

1
0.95 \

the n'n threshold to search for a cusp, providing a

test of the xPTh prediction for the S-wave scattering . o OZZ o
length combination a0-a2 and comparison with the 0 02 04 06 08 1 0 02 04 06 08 1
K'—n'n’n’ results

S. Prakhov et a/ Phys. Rev. C 79 035204 (2009)
M. Unverzagt et al Eur. Phys. J. A39 169 (2009)



http://www.slac.stanford.edu/spires/find/hep/wwwauthors?key=8082545
http://www.slac.stanford.edu/spires/find/hep/wwwauthors?key=8090157

n->31° Dalitz plot
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Experiment Refs. o

Crystal Ball at BNL  [14] —0.031 £ 0.004
KLOE [15]  —0.027 + 0.004F) 004
GAMS-2000 [17] —0.022 £ 0.023
Crystal Barrel 18]  —0.052 £ 0.017 £ 0.010

SND [19] —0.010 £ 0.021 £ 0.010
CELSIUS /WASA |20] —0.026 £+ 0.010 & 0.010
WASA at COSY [21] —0.027 £+ 0.008 £ 0.005
Crystal Ball at MAMI-C -0.032 + 0.003
Crystal Ball at MAMI-B -0.032 + 0.002 + 0.002
Calculation  Refs. o
xPT O@?) [11) 0
xPT O@p*) [11] 0.015
xPT OG5 [0 0.013 + 0.032
Dispersion (7] —0.007...—0.014
UCHPT [9] —0.031 % 0.003

B.Holstein at "MAMI and beyond” workshop, 2009
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Dalitz and double Dalitz decays
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Spectrum of the I‘I- mass in the Dalitz carries information on the EM form-factor of the

decay vertex.

The form factor is an important input for the calculations of the hadronic light-by-light
scattering contribution to the anomalous magnetic moment of the muon (BNL g-2

experiment).



Pacnaabr n->p*y-, n->e*e” u cylwecTBoBaHMeE
NenTOKBAPKOB

Leptoquark - a hypothetical particle suggested by A. Salam, carries
interaction between quarks and leptons, encountered in various extensions of
the Standard Model, such as technicolor theories or GUTs

S Al R The single-photon exchange
"""""" N2/ ol mechanism is forbidden because of
N N G conservation of angular momentum
o o o The decay is dominated by a fwo-
E L D o the decay P° » 4 (a) QED photon intermediate state which is
. 1. Diagrams for the decay — : (a
contribution, (b) weak interaction contribution, and (c) hy- Suppr‘essed
pothetical leptoquark contribution. Provides lower limits of the masses of

leptoquarks and axions.

4
M > 7OGeV£ 3x10 j D.Wyler, in proc. inter. workshop. "Rare

L R BR(7 —>e'e”) decays of light mesons”, Gif-sur-Yvatte,
<guegue> France March 29-30, 1990.



Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) (URL: http://pdg.Ibl.gov)

TTposepka TESTS OF DISCRETE SPACE-TIME SYMMETRIES
C-UHBAPUAHTHOCTU

CHARGE CONJUGATION (C) INVARIANCE

M0 = 3v)/Tiotal <3.1x 1078, CL = 90%
n C-nonconserving decay parameters
a0 left-right asymmetry parameter (0.09 £ 0.17) x 102
7t 7~ 70 sextant asymmetry parameter (0.18 + 0.16) x 102
ata— 70 quadrant asymmetry parameter (—0.17 £ 0.17) x 102
ata—~ left-right asymmetry parameter (0.9 &£ 0.4) x 10—2
7r+7r_'y parameter 3 (D-wave) —0.02 + 0.07 (S = 1.3)
—>(n — 7%9)/Total <9 x 1072, CL = 90%
—_—> T — 70709)/Tyotal <5x 1074, CL = 90%
— (1) — ﬂowoﬂo'y)/rtota| <6 x 10_5, CL = 90%
——> (1 — 37)/Tiotal <1.6 x 1072, CL = 90%
—— [ (1) — 70et e )/Tiotal [a] <4 x 1075, CL = 90%
—>(n — Outpu)/Mral [a] <5x 1076, CL = 90%
— (w(782) — 770)/Miotal <1x1073, CL = 90%
— [(w(782) — 370)/Mopa <3x 1074, CL = 90%
c decay parameter of 7’ (958) 0.015 + 0.018
asymmetry parameter for n"(958) — ata— ~ decay —0.01 + 0.04
> (7’ (958) — Vet e™)/Tiotal [a] <1.4x 1073, CL = 90%
—_— T(1/(958) — nete™)/Tiotal [a] <2.4x 1073, CL =90%
> [ (/(958) — 37)/Total <1.0x 1074, CL = 90%
—_— (1 (958) — p T 70)/Miotal [a] <6.0x 102, CL = 90%
—3 T(1(958) — 1 7 0)/Tiotal [a] <1.5x 1072, CL = 90%

F(J/9(S) = v7)/Tiotal <2.2% 1073, CL = 90%



Dalitz plot of n'-> nm°n®

m  Substantial progress is achieved in understanding of the wn interaction and obtaining the
nn scattering length (K(e4) decay, D decays, cusp in K*->w*n%n® ..). Very little is known
about the nm scattering. n'-> nnw is a unique system to study nn

m  Theory predicts a substantial cusp in the w%=° invariant mass at the opening of the non°-
>u*n~ channel (8% effect may be compared to 13% for K*->n*n°n® and 2% for n->3n0)

M| = L+ e[ +cx?)x D
;T;U_]JT”I,Gch

:(2+m,7/m,,)><T,7 1y ﬁx(T1+T2) _
m,—-m, —2m_ m, —m, —2m, o8|

Latest results:
GAMS-4x Collaboration, 15000 events
from mw-p->n'n at 32 GeV/c

M), GeV?

Fig. 2. The experimental form of the Dalitz diagram for the decay 5" — na”7" in terms of the variables (a) M?(nr}) and
M*#(n78) (two combinations per event)and () X and Y.

A.M_Blik et al, Phys. Atom. Nucl., 72,
231 (2008)
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Opyrue pacnagbt n

N/0.02 N/0.04
75 (b)
e }\ m n'-> 31° Dalitz plot:
ol i matrix element of the
3 J[ Dalitz plot of n'-> 31°,
0l 7l carries information of
o Tl + . the °n° interaction at
) 2" higher (than for n) m°

Fig. 4. (a) Experimental distribution with respect to Z for the case where the mass of the 37" system falls within the range .
920—1000 MeV (solid line) before removing events associated with the (dotted line) Kgn" and (dashed line) n=" 7" systems; energles
(b) experimental distribution with respect to Z aiter all selections and a fitting function.

m  n->vyand the octet-singlet mixing angla: n->yy and n'->yy are generated through
axial anomaly, therefore are sensitive to the octet-singlet mixing angle. Current
values for the absolute width (RPP average): I'(n->yy) = (0.510+0.026) keV, I'(n-
>yy) = (4.30+0.19) keV

m Test of Cand CP: n'->41°, n' ->3y, n' -> me*e", n' -> ne*e



" JEE
JLab 12 GeV upgrade

m  Maximum beam energy: 12 GeV
m  Major upgrade of the CLAS detecotor

m  New experimental hall and new major
detector - GlueX

m Physics program (Halls B and D):

T “establish spectrum of exotic meson
states” using linearly polarized photon
beam with maximum energy up to 12 GeV
(GlueX)

=1 Baryon spectroscopy including baryon
exotics (GlueX)

1 Investigation of the structure of the
proton using DVCS and DVMP
(electroproduction CLAS12)

1 Continuation of the photoproduction
program: cascades spectroscopy, search
for exotics, etc (photoproduction CLAS12)
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Crystal Ball + CLAS12?

Meson spectroscopy, search for the hybrids and other meson exotics in neutral decay modes
(vyv, n°n®, 370, 4%, nm%, nn, N'n®, wn®, etc)

Baryon spectroscopy: Z*, A* and =* via Z*->n%, Z°->Ay, K, -> nn0, etc
Physics of eta and eta’ decays:

1 Tests of Chiral perturbation theory and other theories of strong interactions: n-

>1on%n° | n'->nulnO

1 Tests of C invariance: n->3y, n->ny, n'->e+e-y, efc
1 Tests of P invariance: n->2n, n'->2«, n->4n, n'->4n
1 Search for leptoquaks: n->p+u-, n->e+e-

And much more...

High detection efficiency and good energy
and spatial resolution for photons and
electrons.

Acceptance of CB+FEM for photons close to
4 n

Possibility to tag mesons via proton
detection in the FD




3aknroveHue

= CneKkTpockonusa nerkux 6apuoHOB OCTaeTCA BAXHOM 4acTbFO aAPOHHOU (PUIUKU
Heob6xoAUMOU ANa NOHUMGAHUA KOH(PaMMeHTa U cBoUcTB cummeTtpuin KXI. 3ta obnactb
(PU3UKMU YACTUL LIeSTUKOM 3GBUCUT OT HANUUUA AOCTOBEPHBIX U TOUHBIX
3KCMEepPUMEHTANbHBIX AGHHBIX AN Pa3fIMYHBIX peakuui U Habnroaaembix.

m B skcnepumeHtax c petektopom Crystal Ball Ha KQOHHBIX U NMUOHHLEIX Nyykax AGS 6b1nm
NOSlyYeHLI BAXHbIe pes3ysbTaThl ANIA HECKOSIbKUX HeMATPasibHLIX peakuuii nossonskowme
AetanbHoe usydeHue csoicte P11(1440), D13(1520), S11(1535), 2(1385), A(1670) n
APYrUX HYKNOHHBIX U FMMNEpPOHHBIX Pe3OHAHCOB.

m  Ova nporpamma 6tina npoponkeHa B MAMI Ha ny4yke MeueHbIX (POTOHOB C
MakcumanbHou 3Heprueu 1.6 MB. OaHo u3 ueneir skcnepumeHta CB@MAMI aensetca
nony4veHue nonHoro Habopa HabnroaaembIx HeO6XOAUMBIX ANA OAHO3HAYHOrO
BOCCTAHABMIEHUS GMNJIUTYA paccesHUs B (POTOPOXAEHUM MCEBAOCKANAPHLIX Me3OHOB.

m  BaxHou uyacTero 3kcnepumeHta CB@MAMI asnsetca nporpamma no UsyuvyeHUHo pacnaaos
n u n'" mesoHos. TTonyuyeHHble pe3ynbTaThl MOTYT 6bITb UCMOMBb3OBAHLL ANSA NPOBEPKU
GAPOHHBIX MOoAenied U TeCTUPOBAHUA AUCKPETHBIX CUMMeTpUIA Takux kak C, P, CP.

m  TTporpamma c aetexktopom Crystal Ball moxer 6b1Tb NnpoaonxkeHa Ha POTOHHOM nyuke
JLab. YacTbro 3TOU nporpammer moru 6bI 6bITb MOUCK FMMOPUAHBIX ME3OHHBIX COCTOAHUM,
u3y4YeHUe CMneKTpa y3Kux = pe3OHaHCOB, (PU3UKA pacnasos N u n'.



Tagged Photon Beam

Tagging
Spectrometer

Collimator

Primary Beam

Maximum electron energy - 1558
MeV (a test of 1600 MeV beam
will be conducted)

Maximum enerégXAof tagged
photons - 1453 MeV with the
main tagger, and up to 1548 MeV
with the end-point tagger (under
construction)

Energy resolution ~ 4 MeV in the
main tagged ladder, ~1 MeV
resolution in the microscope



What is known about cascades?

=0 = uss, == dss e
40 e ro d}

= Only 11 =* known; 6 JLH " Jroma ses v,
“well-established” “’E‘ ’ S o :]’p AN

m  Those we know aren't il %80 E‘K‘F""O“*‘*: 4‘60
known well: only have J? _%20}- £l “o - J{,\JLM _: 1
for three states and a ik R\ AN 3 1 leo
guess of a fourth 10;— %0 E s o] {ao

m  SU(3) symmetry requires  °f | : G PJ B " AL
one = I=1/2 per octet RN :,;imew;’;ﬁs ERTE e :‘ N :'G Gw“
and per decupleT: Adamovich et al., EPJ C5, 621 Hemingway e:‘gcsll.t,zPL)B 68,1972
n(=*)=n(N*) +n(A*)

m  CQM predicts 45 cascades with mass below 2.5 GeV (S.Capstick and N. Isgur
PRD 34 2809 (1986))

m  Algebraic model predicts 33 states with mass below 2.5 GeV (A.R. Bijker,

F.Iachello, and A. Leviatan Ann. Phys. 284 89 (2000)



Advantages of the Cascades

3 and 4-star Baryons: mass vs. width
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Riska relation: [(N* ,A*) : [(A*,Z*) : [(Z*) » 32: 22: 12

N* and A* resonances overlap,
spectroscopy of N* and A* requires a
complicated (and ambiguous) phase-shift
analysis. Lattice calculation are not
reliable for u and d quarks (m(u,d)=5
MeV)

Calculations of the cascade spectrum in
lattice gauge are much more reliable
because of the two s quarks (m(s)*100
MeV)

The known cascades are narrow. If the
rest of cascades is as narrow as it is
expected, the parameters of the
cascade excited states can be extracted
directly from the mass spectra

Many of the cascades have detached
decay vertices allowing better separation
from non-strange backgrounds
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CI/CR E states/decays (expt)

Ll N | el el Cascades in the CQM
S.Capstick and N.Isgur

1755 |[[S,), |1/2- |9.3 136 [153 |506

1810 |[Sul, |1/2- [151 [4.0 100 |344

1835 |[[S,l, |1/2- |27 |47 125 |186 Reasons for =* to be narrow:

1880 |[Dysl |3/2 123 |17 |23 |13 =*->=n compared to N*->N= and

1895 [[Dy)s |3/2- |27 |20 30 |20

A*->An
1900 |[Dss], |5/2- |65 |33 27 |60
1840 [Py, |2 |19 |28 21 |16 *  Flavor overlap factor

| | d ——d
2040 [P11]3 1/2“ 5'2 5.3 5_1 81 .1'1+ me—up + [ | | | P

1530 | =* |3/2" |3232 10 10 dwd@xn \?
2045 |[Psl, |3/2° |49 |76 |67 |127
2065 |[Ps)s |3/2* |17 5.1 105 |110 . i
2045 |[Fi5]; | 5/2*
2165 |[Fisl, |5/2°
2180 |[F.), |7/2°
2240 |[Fpl, |7/2°

[11
w
w
1




Physics with Cascades

m Spectroscopy of cascade exited states (complementary to N* and
A*)
m Search for parity doubles

m d-u quark mass difference (m(=-)-m(=°) ~ 6.5 MeV, requires good
energy resolution), s-d quark mass difference, test of octet-

decuplet mass relations

m Search for exotic states: =+ and =--; == bound state



Photoproduction of cascades
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L. Guo et al. PRC 76, 025208 (2008)
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J.W. Price et al. PRC 71, 058201 (2005)

Cascades in CLAS6, run gl1:

* Number of events: ground state - 7678, first
exited state - 658

* maximum energy: 3.8 GeV for most of the run,
some data at 4.8 GeV (production threshold ~2.4
GeV)

New data - run g12:

 The data were collected in spring 2008.
Maximum beam energy 5.75 GeV. The setup was
optimized for the high energy part of the photon
spectrum

+ Cooking process is in progress, scheduled to be
completed by end of 2009 - early 2010
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Possibilities with CLAS12

m Higher beam energies: tagged photons with energies
about 6.0 GeV (available max. =* mass ~2.5 GeV), 12
GeV electron beam (available max. =* mass ~3.9 GeV)

m  Advantages of the experiments with quasi-real
photons:

Relatively high photon flux

Electroproduction at very low Q2 is equivalent to
photo production with linearly polarized photons

m Detector requirements:

Good K/m separation (TOF, LTCC, HTCC at higher
energies)

Events selection using the detached decay vertices
(vertex tracker, forward drift chambers)

Internal tagging system (inner EM calorimeter)

-
‘
i ;‘.
- R i
\
\ © Detector used indirectly % Detectorused  + Separstionpossible O Detector not used
1cm K e
—

K = Separation falled
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Experimental Apparatus

e

Mass Slit
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C6/C8 provided a secondary beam of
separated K*, w* and antiprotons with
maximum momentum ~750 MeV/c

Intensity: ~106 n/sec, ~5x10* K/sec
Resolution 0.1% relative to the average
momentum, +2MeV/c absolute momentum
The Crystal Ball was installed and the
C6/C8 beam line in 1996

Engineering run: spring-summer 1996;
main data: summer-fall 1998; solid
target run - spring 2002



A(1405) and K-p->mOm0Z0
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m  A(1405) is narrow - observed directly on the n°Z° mass spectra
m  Magas, Oset, Ramos: “Evidence for the two pole structure of the A(1405) resonance” (PRL 95,
052301 (2005))

S.Prakhov et al., PRC 70, 034605, 2004



>(1385) and K-p->mOmOA
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m  Narrow 2(1385) state seen directly on the n°A mass spectrum

m A complete multi-channel analysis of all CBRAGS kaon data including K-p->n9Z0 K-p-
>wOA, K-p->2n0Z0, K-p->2n°A, K-p->3n°A, K-p->nA, K-p->K°n is in progress.

S.Prakhov et al., PRC 69, 042202, 2004



Decays of n: proposal summary

The goal of the experiment is to produce ~3x108 n

Main physics fopics: non-perturbative QCD via measuring the matrix element of n-
>°yy , the Dalitz plot of n->3m°, the cusp in n°n°->m*n-, EM form factor of PS mesons
via study of the Dalitz decays (n->e‘ey, n->ppy, etc), test of the unitarity lower limit
in n->p*u- and n->e*e”, search for C and CP forbidden decays, lepton number
conservation (n->pe)

Time request: 50h setup, 900h (800h+100h) data taking
Setup: the Crystal Ball, TAPS, PID, 10 cm-long LH2 target

Beam Energy: 1558 MeV electron beam



Expected n rate

Cyt(YP — 1P) \

+ CB (2007)
- SAID

! |
08 09 1 1.1

o N & O 0

| ]
1.2 1.3 14
Ey [MeV]

Nn = Npho‘r *N

E..x = 1.558 GeV, ..o, = 0.710 GeV

Photon flux (min): N, ., = 5x10* 1/(sec*Mev)
Target: 10 cm long, LH2: N, = 4.2* 1023 1/cm?
Total cross section of yp->np: 0,,,~6 ub
Number of n per hour:

* 0,,," AE * 3600 = 3x10° 1/hour

prot

Number of n-> m° vy y (Br=0.0002, Eff=30%,
LT=70%): ~ 10000 total

Ix10*° Total statistics in 800 hours: 3x108 n



Decays of n': proposal summary

The goal is ~1x107 n" produced

Main physics topics: n'-> nm°n®, n'-> 3n° (nmm and nm scattering amplitudes, study of the
n gluon component), octet/singlet mixing from the ratio Br(n'-> yy)/Br(n-> yy), n'
photoproduction at threshold, search for C and CP forbidden decays

Time requested: 50h setup, 800h (600h+200h) data
Setup: the Crystal Ball, TAPS, PID, 10 cm-long LH2

Beam requirements: minimum 1558 MeV electrons beam, end-point tagger required
(currently we are investigating possibilities to increase the beam energy)




Expected n'(958) rate

m  E, . =1547 GeV (with the end-point tagger), E, .o, = O
L7 GeV, AE 2 100 MeV o 990 Sthrest waas

m  Photon flux (minimum): N, . = 10° 1/(sec*Mev) 38 T 7

= Target: 10 cm long, LH2: N, = 4.2* 1023 1/cm? i ’ T

m  Total cross section of yp->h'pio, . ~1ub b 3y in o

= Number of n'(958) per hour: ] %

Ny = Nopor * Noop * 040 AE * 3600 = 15000 1/hour B T % I

= Number of n'-> nm°n® (Br=21%, Eff=30%, LT=80%): = 700 »._ +
per hour o , I

= Number of n-> 3n° (Br=0.16%, Eff=30%, LT=80%): = 6 per" : —4—

oD Lo b b b L T
our‘ 1800 1400 2000 2100 2200 2300 2400
W (Me)

Total statistics in 600 hours: 107 n'(958)
m 4x105 n'-> nu°n°
m  4x103 n-> 3n°
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