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Allowed quantum numbers for Quarkonia

e Consider a qq, where q= {u,d,s}, in a state of L and S
L = Orbital angular momentum (=0, 1, 2, 3,---)2
S= Total intrinsic spin (=0, 1)

o P=(—)""!forany qq state®
e C=(—)-""Sfor aneutral qq state®
e L-§<I<L+S

e Forbidden J™’s: (0~7)9,
Of—, 1 ", (27)¢ 3 T, etc.
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aS. U. Chung,
“Spin Formalisms,” CERN Yellow Report 71-8 (Updated)

bS. U. Chung,
“Quantum Lorentz Transformations”

¢S. U. Chung,
“C- and G-parity: a New Definition and Applications” (Version V)

ds. U. Chung,
“Quantum Numbers for Hybrid mesons in the Flux-tube Model” (Version IlI)

€S. U. Chung,
“Meson Production in Photon-Pomeron Fusion Processes” (Version II)
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Definition: Exotic Mesons

e Conventional gq mesons
J= E+§, P— <_)L+1’ C= (_)L+S;
Forbidden J°¢=0——, 0t—,1-F, 2t—, 31, etc.
e EXxotic mesons:

nn+g, n= {u,d}, mass ~ 1.9 GeV with J°¢ = 1=+ at the lightest meson
nn+ nn; 4-quark exotics

e Notation for Exotic Mesons: The key determinant is {PC}, e.g.

IGJPC) | 17(0%) 0f(0 ") | 1 (1) 0r(1 )
Name ‘ T n ‘ 1, (1600  n,(1600%

GPC) | 17(1t) 0 (1t) | 1f@2) 0 (27)
Name | by(1235 hy(1170) | bp(19009 h,(19007

GJPC) | 17(1) 0@ ) | 17(0) 070 )
Name P W ‘p0(4000’a w, (40007
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Gluonic Excitations X

Hybrid mesonsg+g?  with  JPC = oFF 1%+ 14+ 2%+

m(nn+g) ~ 1.9 GeV wheren={u,d}
m(ss+g) ~ 2.1 GeV
m(cc+9g) ~ 43 GeV
mbb+g) ~ 108 GeV

mJP¢ =0tt) ~ 171Q050)( 80) MeV (roMg)  (rgt =41020) MeV)
m(JP¢ =2++) ~ 239Q030)(120) MeV
mJ™ =0"*) ~ 256Q35)(120) MeV
m(JP =1t") ~ 298Q30)(140) MeV
m(JPc =2-%) ~ 304Q40)(150) MeV

aN. Isgur and J. Paton, Phys. Rev. D31, 2910 (1985)
Y. Chen et al., Phys. Rev. D73,014516 (2006);
C. Morningstar and M. Peardon, Phys. Rev. D60,034509 (1999)
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BNL-E852 at the MultiParticle Spectrometer (MPS)

E852 Plan View

Magnetic Field: =1.0T

Windosw Frame
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Cerenkov
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Reggeon exchange:

¢ = +1 Natural-parity exchange
- ¢ = —1 Unnatural-parity exchange

— w1 (1400)
m > % Notation: JPEMmE R1 [g} R
n

Ae=+1; p° f>(1270), Pomeron
e=—1; n, f1(1285), b9(1235)

= > 1-71"n g} m— P,
p p )
ott1tp [O)]nﬁDjL
0]
0 78
- 79(1400) -
T . 140 n |y |m—Po
. 0]
__ .+ -
ye=Thoo 11 g P
e =—1; b (1235) 0]
210 —[g 1T — Do
> > L0
p n O
2771 n 0 m—D_
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Phase motion of a Breit-Wigner form

Im 4~ M=
Mol o
Alm) = mg —m2 —img o
— %M sing(m)
_ mgnv
cotd(m) = 5
553 \1/2 "
0 Re
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Phase motion of a Breit-Wigner form

Im 4~ M=

25 \1/2

Interference effect:

>

0 Re A=1+a, a~01
Al =1+2a +a?

a2 =N/Nyt=0.01, 2a =2/N/Ngt=0.2
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Reflectivity Basis for Density Matrix

The distribution function in the reflectivity basis for 7T + [0 — X~ + [P can be

written
2

(D) =3 > “pj“Di(1)*Dj(1)
1]

5

where i and | are any of the partial waves in a set and DX (1) is the decay amplitude in
the reflectivity basis. The density matrix, a square matrix, can be expressed as follows:

2
Spij _ Z EVikSVTk — sp:sVsVT
k=1

where €V is a rectangular matrix. Write

Uk(T) = “Vik"Di(1)

and then

S. U. Chung and T. L. Trueman, Phys. Rev. D 11, 633 (1975)
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Exotic Meson (BNL E-852): 7 (1600 — p°(770 -, p°(770) — "

Reaction: m p— " m pat 18 GeV/c
~ 250000events

Partial waves: 1~ 711 p(770)[P]m,
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A Comment on the Decayr (1600 — prr X

e Observe the quoted with by BNL-E852: [ (1600 — pri] =168+ 20" 150 MeV

— 12
e Their reasoning is that the magnitude of the signal for 7 (1600 — prt varies
enormously—the cross section difficult to quote—and the width varies along with
the signal, when the number of partial waves in the fit is increased or when the
rank of the density matrix is increased to two.

e But the phase motion between the partial waves 1~ and 2~ remains relatively
stable and the two waves are always produced coherently.

e Itis therefore not surprising to see that VES observe the same signal, although
their official position is that they do not observe the prt signal.

e The Indiana group, working on the BNL-E852 data, observe the same
signhal—giving the same mass and the width. Once again, they prefer to state
that they do not observe the prrsignal.

Physcs S.U. Chung/BNL-p.13
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X

INDIANA Group
PRD73, 072001(2006)

17"1% P-wavepn (m~m~mY)
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High-wave set = 36; High-wave set = 20
The phase motion between 2™ and 1~ is identical
in the 1.6 GeV region
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Exotic Meson: 11, (1600

Experiments M (MeV) I (MeV) Decay
BNL (77 p at 18 GeV/c)? 1503+ 8" 421(7) 16820 1?2 or
BNL (77 p at 18 GeV/c)P 1596+10 " ig 340+ 40+ 50 n'n
BNL (77 p at 18 GeV/c)© 17094+ 24+41  403:80+115 (12857
BNL (77 p at 18 GeV/c)® 1664+ 8+ 4 185425+ 12 by(1239m
VES (71N at 37 GeVi/c)® 1560+ 6 340+ 5 ot
n'n
b1(1235 71
CB (pp at rest)’ 1506 20 a2t O IY pja2sen

apRD 65, 072001 (2002)
bpRL 86, 3977 (2001)
CPL B595, 109 (2004)
dPRL 94, 032002 (2005)

€V. Dorofeev, Proc. Workshop on Hadron Spectroscopy, Frascati, Italy (1999), p. 3.
"PL B563, 140 (2003)—Mass and Width fixed to PDG values
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Results onf1(1289 1 BNL-E852
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Results of Partial-wave Analysis BNL-E852

Intensity and phase difference for selected f1(1285m waves: J°M¢ f;(1285 Pﬂ T

6000 ——
_ e 1++off1(1285) [ﬂn _ _ 1.0
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Exotic Meson: 1, (2000

Experiments M (MeV) [ (MeV) Decay
BNL (71 p at 18 GeV/c)? 2001+ 30+92 333+ 52+49 f1(1289m
BNL (77 p at 18 GeV/c)P 2014+20+10  2304+32+15  by(1239m

apL B595, 109 (2004)
bpRL 94, 032002 (2005)
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X
Exotic Meson:
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Figure 1
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Exotic Meson: = (1400 — nm
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Results of PWA on the nm® Decay Channel BNL-E852 [

e Three methods were used to study the D, and P, waves:

Method Mass (MeV) Width (MeV)
1 Average Solutions 1265+ 20 411+ 64
2 Randomized Solutions 1257+ 25 354+ 58
3 Global Fit 1256+ 10 319+34

Results quoted are:
Mass = 1257+ 204+ 25 and

Width = 354+ 64+ 58

IPhysi cs
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Exotic Meson:

m (1400 — nm

Experiments M (MeV) [ (MeV)

T p— nm patl8 GeV/c, BNL-E852 '94 data? 1370+ 167_L 28 385i4OJ_r 1?)2
7T p— N7 pat 18 GeVic, BNL-E852 ‘95 data 1350 1o t0) sest oot D
T p— nm°n, n — yy at 18 GeV/c, Indiana low-t’ dataP 1301+ 14 190+ 32
mp—nmPn, n — P at 18 GeVic, BNL-E852°¢ 1257+ 20+ 25 3544 64+ 58
pn(3S,) — m m°n at rest, Crystal Barreld 1400+20+20 310+ 507_L 28
2? pp(1Sy) — nmPn at rest, Crystal Barrel® 1360425 220+ 90

T p— N pat6.3 GeV/c, KEK' 13231+4.6 1432+125
T Be— nm Beat 28 GeV/c, VESY 1316+12 287+ 25

apPRD 60, 092001 (1999).
bPRD 67, 094015 (2003).

¢ Paper submitted to the PRL
dpL B423, 175 (1998).

®PL B446, 349 (1999), A. Sarantsev, Proc. Hadron03, AIP Conf. Proc. 717(2004) 65.

fPL B314, 246 (1993).

9V. Dorofeev (VES), Proc. Hadron01, AIP Conf. Proc. 619(2002) 577.
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Exotic Mesons: 17 (1400 — nm,

7'[1(1400) — PTT

Experiments M (MeV) [ (MeV)

T p— N pat 18 GeV/c, BNL-E852 '94 data? 1370+ 16J_r 28 385i401L 122
Pomeront m— 75(1400 — 1mn

mp—nmfn, n— n P at 18 GeV/c, BNL-E852P 1257+ 20+ 25 354+ 64+ 58
p1T— 14 (1400 — 1IN

pn(3S;) — m nPn at rest, Crystal Barrel® 1400420420 310+ 507_L 28
PP (3S)) + m— (1400 — 1117

— — d + 50

pn — m°r®p~ at rest, Crystal Barrel 1400420420 310£50 _ 5
pp (1P and 1Sy) + m— (1400 — 1P

pp — rrtm pP at rest, Obelix® 1360+ 25 220+ 90

pp(*Py and 'Sy) + m— m (1400 — m1p

aPRD 60, 092001 (1999).
b paper submitted to the PRL
cPL B423, 175 (1998).

dWw. Diinnweber and F. Meyer-Wildhagen, Hadron03, AIP Conf. Proc. 717 (2004) 388.

€P. Salvini et al., Eur. Phys. J. C 35(2004) 21.
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Mesons In flavor8 x 8 h

e 3J(3) Decomposition:
88 =279100 100 8 ® 8 & 1

e Decays into Two Ground-State Octets :
gy @ 1), e.g. mm, KK, mm, etc.

e Complete Normalized Wave Functions:
SJ(3) Isoscalar Factors [J. J. de Swat, RMP 35, 916 (1963)]
® Clebsch-Gordan Coefficients

J¢ =1 (10+10)
Y | Q wave functions
0O 1| +1 7 (m"n—nmt)
0 \if (m°n —nnP)
-1 7 (mn-nm)

S. U. Chung, E. Klempt, and J. G. Kérner
Eur. Phys. J. A15, 539 (2002)

Physcs S.U. Chung/BNL=p.27



A P-Wave rin State: Mesons in flavorl04 10

S
A
)} Predict: no n, (1400
42 one p(1400

O © 1t © O
+1

— e & & I3
—2 -1 0 +1 +2

o) © + © o)
—1
P
—2 O : 10

o :10

Single circles have just one member of the multiplet,
while the double circles indicate two occupancies by the members of the multiplet.
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Magnetic Field : 0.5 T

to be removed

e Silicon Vertex e Endcap
Tracker (SVT) EMC (EEMC)
e Time-Projection -l N -- 11 l- e Zero-Degree
Chamber (TPC) C1B Cal (ZDC)
e Forward TPC(FTPC) i T
I 1 TPC F e TOF (2008)
~ 85ps
: — s = e s 1
] [ =
E e CTB

e Central Trigger
Barrel Counter (CTB)

e Time-of-Flight
Detector (ToF)

e Barrel

EM Cal (EMC):
4 800 Towers
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Hadron Spectroscopy Program of STAR
within the Ultra-Peripheral Collisions (UPC) Group

o AU+AU— Au™ + AU +p
Photon+Pomeron— p — mrt JC =1~

Trigger on events with two charged particles in CTB
with or without ZDC

o Au+Au— Au®) +Au™) 4 o
Photon+Pomeron— p’ — mtm mhm I =1—-
Pilot run in 2004: search for exotic mesons with JF°¢ — 0+, JPC — 2+~

Trigger on events with four or more charged particles in CTB and ZDC

e Future Runs with a Ultra-Peripheral Detector (UPD) systems
An example: p+p— p+(mrnmm)+p
Pomeron+Pomeron— fp(1500 — mm

Central production of exotic mesons with J°¢ =1+

| Physics
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Photon+Pomeron— p° X

Pioneering Work by S. Klein, et al. (UPC group): RHIC runin 2000 at ,/syny = 130GeV

Au Au
,Y*
T
: s
P
Au Au
S. Klein, et al. (UPC group):
Au Au*
,.y* ,.Y* *
:7’(’
: v
P
Au Au*

Central Trigger Barrel (CTB) in quadrants
2-prong trigger=—-30 000 events

Au+Au — Au+Au+p°, P —mtm
o =370+£170+80mb

Minimum-Bias Data at ,/syy = 130GeV
Zero-degree Calorimeter (ZDC) in coincidence
800 000 events

Au+Au — Au* +Au*+p°, PO —
0=3974+28+9.7mb

PRL 89, 272302 (2002)
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S. Klein, et al. (UPC group):
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Minimum-Bias Data—(ZDC) Trigger
2-prong trigger similar—not shown

p; peaked at 50 MeV/c

Like-sign background normalized for p, > 200MeV/c
MC p, normalized to p° for p, < 150MeV/c

p° candidates for |y,| < 1

[ ToTH,TETE
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M (MeV)

Minimum-Bias Data—(ZDC) Trigger
2-prong trigger similar—not shown
p; <150MeV/c
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p® Rapidity Distribution

~300

I [ ] MC Generated
..2 250 B a) e Data Reconstr.
c [] MC Reconstr.

Minimum-Bias Data—(ZDC) Trigger
2-prong trigger similar—not shown
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Photon+Pomeron— X — 17 m mm

Au+Au — AUF+AU + X, X—ommram

Search for exotic mesons with JF¢ =0+—, 2+ ...

Total number of triggers (2004) = 5 x 10° in 200 hours of run at RHIC
Total number of p® — w7 = 12 000 events collected vs 50 000 events expected (1%)

Total number of " " m~ = 120 events collected vs 1 250 events (2.5 x 10°%)

Future: TOF Pads for more efficient trigger
DAQ upgrade for more efficient data-taking

Physcs S.U. Chung/BNL-p.34
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J (3) Partners to the Exotic Mesons

e Consider three species of quarks, i.e. q= {u, d, s}:

Then there must exist
KWAP =07, 1", 27)sand K*(J° = 0%, 1-, 2*)’s,

D (3) Partners to
,(1400), 1,(1600), 71, (2000 (I°¢ = 1)

e Strangeonium = Any hadrons containing an ss pair.
Exotic Strangeonia: ss+g, ss+nn, n= {u, d}
J(3) Partners to the mq’s

Physcs S.U. Chung/BNL-p.35
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Layout of COMPASS Experiment :
for Hadron Runs

K~ fraction in T beam ~ 3 — 5%

Hadron-Muon—
COMPASS Hadron Setup 2004 Hadron— Cafins e
- : Filter2
top view Calorfmeterl H
I'III SM?2 Primakoff trigger : Illﬂl. =
S I'| Beam Killers '-|I I"n
I'l | Straws "|| ')‘ I
SM ]\N T || |I |
ili [ # 4 1
Veto Silicons | Y
Ti‘igg7}[ '||1.,|\,\ || \ |
'Il [ \ [ I
f 1Y | I
— I!’ Y "j 5 'I:T\‘\. Il '} ‘I || .
T Beam! ¥ AAAT ~{H| il il i R
190 GeV +0.7% | £ ‘!l | ' : |,$ i
Target \ lIII A
VetoBox ". | | | lE
o \ || SciFi
VoA |
.: || IH-,I S!ciFl I|:GE.M
MicroMeGas | _L | GEM MWPC i
SciFi Gem i
SDC Scifi |L MWEC | MWEC
x sSDhC GEM | I'.
RICH SeiFi | farocci-Tubes DC =
z Muon—Filter1
1 I i | I | I | I 1 I | 1 | |
! 10 20 30 40 50m
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Conclusions and Future Prospects |

e Three Exotic Mesons from BNL-E852—A Review:
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— N
A n'm pm, f1(1285m, by (1239

= If 10 10, then predict no 1, (1400 partner but p(1400

<& Constituents: (nn) + (nn) ?

2. 1(1600: M ~ 1590MeV, I ~ 300MeV:

#Nm
— n’n, PTI, f1(1285)7'[, b1(1235)7'[

<& Constituents: (nn)+(nn) ? & (nn) +gluon?
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Conclusions and Future Prospects |

e Three Exotic Mesons from BNL-E852—A Review:

1. 1m(1400: M ~ 1370MeV, I' ~ 400MeV:
— N
A n'm pm, f1(1285m, by (1239
= If 10 10, then predict no 1, (1400 partner but p(1400

<& Constituents: (nn) + (nn) ?

2. 1(1600: M ~ 1590MeV, I ~ 300MeV:

#Nm
— n’n, PTI, f1(1285)7'[, b1(1235)7'[

<& Constituents: (nn)+(nn) ? & (nn) +gluon?

3. 1,(2000: M ~ 2000MeV, I ~ 300MeV
— f1(1285) It, b1<12357'[:

<& Constituents: (nn) +gluon?

Physics S.U. Chung/BNL-p.37



Conclusions and Future Prospects Il

e Future Prospects beyond

BNL-E852, Crystal Barrel/CERN, FOCUS/Fermilab, BESII/China
VES/Russia, CLEO-C (CESR/Cornell), BaBar/SLAC and Belle/KEK)
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T ’s from 100-300 GeV/c
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Conclusions and Future Prospects Il

e Future Prospects beyond

BNL-E852, Crystal Barrel/CERN, FOCUS/Fermilab, BESII/China
VES/Russia, CLEO-C (CESR/Cornell), BaBar/SLAC and Belle/KEK)

0. STAR at BNL/RHIC (2007 )
1. BESIII/China (2007 )

2. COMPASS (SPS/CERN) (2007 )
T ’s from 100-300 GeV/c

3. PANDA (GSl/Darmstadt/Germany) (2012+)
p's from 1.5-15 GeV/c (\/s(pp) = 2.4-5.7 GeV)

4. GLUE-X (Hall D/JLAB) (2012+)
Photons with a maximum energy of 9 GeV

5. GSl/Darmstadt/Germany, J-Parc/Japan and COMPASS/CERN (2007 ):
* Use separated K~ beam to search for
exotic strangeonia (ss+ nn and ss+g), n={u,d}
* Search for exotic strange mesons,
S (3) partners of the nonstrange exotic mesons

Physcs S.U. Chung/BNL-p.38
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Production of Vector and Exotic States X

Vector Mesons from the PDG Book:

p(770) — mm, P (1450 — mrror 4, p(7100 — prmt

Vector Mesons in qqgq Systems:

Supermultiplet Count of the states
V_(177) 4% p(8), 1x p(27), 1 x 7 py (104 10), 1 x () (104 10)
V(1) 4% m(8), 1x m(27), 1x D m (104 10), 1 x ) p, (104 10)

Allowed Systems for Gluonic Hybrids gqq+g:

L | S| *Ly(qq) | IP(qq) IP°(qq+9)
1|0 P 17~ 1+
1—
1| 1 3p; o+, 1+, 2+ o+, 1+, 2+
0t—, 17—, 2+~
210 D, 2= 2+
-
2 |1 3D; 1-——, 2,3 | 1=F, 27+, 3+
1+t-, 2+, 3t

IPhysi cs

BNL

S. U. Chung /BNL-p.40



Possible Decay Modes and Final States |

* Decays of J’¢ = 17~ [p(16007] and JP¢ = 07—, 2~ [by 2(2000%, ho2(20007]:

1G(JPC) Intermediate States Final States
17 (1) [0° (770) fo(600)] g, Tt
10—, 277) | [p° (770 fo(600)], ot
1H(0t—, 277) | fo(980) p°(770), f5(1525 p°(770) KtK-mtm
0~ (07, 27) | a3(980) p°(770), a3(1320 p°(770) KTK=mm

* Characteristics of a J° = 0~~ State [pp(40007, wy(40007)]:

|G | Intermediate States Final States
1t | [a5 (1320 miF],, [p°(770)f2(1270)],, et
1+t | f5(1525 p%(770) KTK=mm
1t | K*(890)K, K; (1420 K, a (1320 ¥ K K
0~ | K*(890)K, K;(1420 K K KEmTr
0~ | a3(1320p°%(770) K KEmTr

Physcs S.U. Chung/BNL=p.41
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Exotic Meson:
Reaction: mp—nm patl8GeV/ic, n—yy, a(n—yy ~30MeV
~ 47200events
3 N
< 3000F > b.)
N E_ © 10
S 2000F o |
- 3
g 1000F £ 10°
LI - o
O: o b e a b b —— L o
1.0 1.4 1.8 0.0 0.4 0.8
2
M(nm) GeV it| (GeV/c)
Figure 1
Physics S.U. Chung /BNL—p.42




Exotic Meson: r; (1400 — nm

Reaction: m p—nm pat18 GeVic, n —yy 171" n IS} T—P,
~ 47200events )
21t 8}n->D+
3 6001
24 @ b |3 (VP P
| o 400 '
8 1 S
C
4 - S 200 - ( B +50
_ 2 ]H M(P;) = 1370+16 '
T A 0 i i r(P.)—=385140 " °°
I | 1 )=
_ \ — 105
= | d) 5 PRL 79, 1630 (1997)
S 2.0 PRD 60, 092001 (1999)
o /
2 | /\4 S. U. Chung,
510 PRD 56, 7299 (1997)
% J 3
© 0.0
D- -I 1 1
1.0 1.4 1.8

| Physics
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T : k822 vs. VLS
N PL B313, 276 (1993)
Fi Intensity
600
o\ m
S 500 % E852 3002
Ll >
> 400 i VES z
3 200 S
N
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S - &
% 2001 ¢ 1 100 =
S 100 * ; % 0
L
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o . ~-0.5 %
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Exotic Meson: pO(770) 11

Reaction: m p— " m pat 18 GeV/c
~ 250000events

o (a)

o)
o
S
R

4000

T

Events / (5 MeV/& )

10 15 2.0 05 10 15
Mass (GeV/& )

Physcs S.U. Chung /BNL-p.46

BNL



Exotic Meson: = (1600 — p(770)m, p0(770) — mt
Reaction: m p— mrm m pat 18 GeV/c 1 +1p m .
~ 250000events
Partial waves: 1-*17p(770)[P]m, 270 f,(1270[S 1 270" 2 [i m
1500 +
> 1200¢ (b)
‘0
¢ 1000 8000
Q
£ 500 4000 2-+
| | | +I | | | | ( + 29
15 16 1.7 1.8 15 16 1.7 1.8 M=1593+8
mmm  Mass (GeV/&) < 1 150
[ =168+ 20
\ _ 12
= |(©) \ L (d) PRL 81, 5760 (1998)
8 30 20 3 PRD 65, 072001 (2002)
m -
o 2.6F
S 1o 1L 0
o 220 Ad (17F-2°7 - 2
. Iq) (1| -2| ) | | | | |
15 16 17 138 15 16 1.7 18
. T Mass (GeV/e) .
Physics S. U. Chung /BNL—p.47



A Study of the i i° System

Reaction: m p— win m°p, w—mrm P ~145000events o(w)~ 22MeV

F 6000
é 1400 a) % - C)
L 2 -
o - 5000
& 1200f S 2 (T[_ 7-[0)
[7p) C ~ y
£ 1000F ‘2 4000
) a ) o
i 800 1 3000
600[ E
C 2000
400 -
- 1000[-
200F -
0:|...I...I...I...I...I...I... O_"'I"'I"'I"'I"'I"'I"'
0.6 0.8 1 1.2 14 16 1.8 2 2.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4
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> = 4000
= 35005 s 3500F d)
S 3000f S PUF
o E N 3000F
9 2500F @ E
= - c 2500F
2000 -
o 3 ] 2000F
15005_ 1500F
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500F- 500 F-
o] PR I T T R B OE'* P BT BRI SR BRI RPN lar.. SO H
T 1.2 14 16 18 2 2.2 06 08 1 12 14 16 18 2 22
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Parital-wave Analysis of thecwm i° System

Reaction: m p — wm 1°p,

w— TP

~ 145000events

! ' !

7\
\
i/

11t 51(1235) [ﬂ

! ' !

| -

T a)_
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Parital-wave Analysis o1 thewrr 1T System
(1-F17by E] ) (1-F17b E] ) (21t w[g p)
_(2++ 1%0@ 0) (4t w[fz)} 0) _(4tt1t w[fz)} D)
3 T T /y LN 6 T T T ] 6 [ T T 1 ]
21 S st ) C) 1
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S o g r*—’“/'"{!i—-_ Saf Saf ]
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2 - o 1+ 1F -
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Background Material:
T p—nmp
T p— (1320 p

Consider

m p— 1 (1400 p

The cross section

D —(1.88+0.03)
- ) +(39.2+2.0) ub

1 GeV/c
=(611+22)ub at 182 GeV/c

o|m p— a(1320 p| = (5 099+ 221) ub x (

For M(nm )=1.10—1.58 GeV,
N(D5)=60332+2 060 events N(P;)=3321+1 245 event$5.5+2.1)%

So
o[m p— m (1400 p] x 2[m; (1400 — nm | = (0.49+0.19) ub

Next
PB|m (1600 — f1(1285]

= 3.80+0.78
| (1600 — n'm]

Physcs S.U. Chung/BNL-p.51
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Background Material:

e LGD:

Lead-Glass Detector (LGD)

3053 elements, each 4 x 4 x 45 cm
L, =3.1cm (N;=14.5)

Lc =225cm (N.=2.0)

O0E _

— > o
E (2+\/E(GeV)> &

Position resolution: 1 to 2 mm
m° —yy, N —yy

aralﬂy

KS — TlOT[O

e TDX4:

Two-layer drift-chamber module
Active area2x 3 m

drift space = 8mm

resolution = 150 um

DEA:

Downstream End-cap Array (DEA)
A window-frame veto counter
lead-scintillation sandwich

18 layers; 8 radiation lengths

TCYL:

Cylindrical Drift-chamber module
four layers, triggerable

drift space = 4mm

resolution = 200 um

charge division= 8 mm

Barrel Csl veto Counter (CIV)
198 crystals, each 7.5 cm high
Ap =20, Az=5Ccm

L,=1.86 cm (N;=4.0)

Lc =36.5cm (N = 0.21)

min energy = 10 MeV

| Physics
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Background Material:

e HEUB: e Cerenkov Hodocsope:
7T beam at 18.3 GeW¢ Threshold Counter, 1 threshold= 20
flux = 2x 10° particles/sec 11/K separation,3 — 10GeV/c
Momentum bite Ap/p =3% o Trigger
Momentum resolution dp/p < 1%
Three Cerenkov Counter Pretrigger: interacting beam

for e, 11, K separation Level 1: event topology
o Target: (TCYL)-(TPX1)-(TPX2)
o _ Level 2: Mass(LGD) > Mass(n)

quqld Hydrogen 12-inlong Fast processor< 10 usec
2.5-In diameter 10* triggers/sec with 10% dead time

e MPS magnet:

A C-magnet, 450 cm long
280 cm wide, 130 cm high
Field Strength: 1 T

Physcs S.U. Chung /BNL-p.53
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Background Material:

e GlueX: e Panda:
CEBAF Upgrade p from 1-15 GeVk
6—12 GeV beam Solenoid magnet; D=190cm,
Tagged photon energy(max) at 9 L=250cm
GeV Axial Field Strength: 2.0 T
Solenoid magnet; D=185cm, Forward Spectrometer
L=465cm field integral of 2 Tm
Axial Field Strength: 2.24 RICH and EMC downstream
T Hadron Calorimeter further
TOF and LGD downstream downstream

PiyScs S.U. Chung/BNL-p.54
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Search for Strangeonium Hybrids

ss-+nn at masses from 1.6 to 1.8 GeV:

Decay modes include K*K, K*K*, etc.

ss+ g at masses from 2.1 to 2.3 GeV:

Decay modes are K1 (1270K, K{(1400K, K;(1430K

e AGS

25% of 100x 102 protons incident on A target
12 GeV/c RF-spearated K~ beam

Flux at the MPS~ 2.5 x 10° K~ s/spill

Total run time = 5x 10° hours at 10° spills/hour

e MPS

2-foot LH» target
Overall experimental acceptance = 10%

Visible Sensitivity = 330events/nb

4.1 events/nb for LASS at 11 GeV/c

Physcs S.U. Chung/BNL-p.55
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a>(1320 Cross Sections
mTp—a, (1320 p

1000 ! . ! - —
800 - i i i i
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—

5.0

4.0

3.0

2.0

1.0

™

a,(t) = 0.48 + 0.88¢
a,(t) =1.086 + 0.25¢
J = Re{a(m?)}

G: J¢ =2t* glueball

Photon-Pomeron Fusion Process:
y+G— X

Double-Pomeron Fusion Process:
G+G— X

P3(1670)
a(1320)
(127
Pomeron
S £,(1285)
b,(1235)
1I.o | 2I.o | 3|.0 | ;1.0

Mas€ (GeV) -
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JC¢ =1 (10-10

Y | Q wave functions

0 1| 41| Ji(rm-n®m)

/3 (KPK+ —K+K?)
0 @w T — 1) Predict: p(1400
+\f KOKO — KOKP)
\f KT —K*tK
~1 \/%(non’ m 1°)

1 - k0 Ow-—
/3 (K" KO- KK

Internal Structure for Exotics 1, (1400 — n .

flavor | (qQ)s® (aq)s | (99)3® (qd);5

10410 (09)s ® (0q)3

) = {u,d,s}
)
)
)

color | (qa)s®(qd)s | (qa)z® (q9)s
singlet | (@)1 ® (@)1 | (09)s® (d)g

Physcs S.U. Chung/BNL-p.58
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Magnetic Field : 5T

Silicon Vertex e Endcap
Tracker (SVT) EMC (EEMC)
Time-Projection -l HE N -_- 1 1 l- e Zero-Degree
Chamber (TPC) EMC Cal (ZDC)
Forward TPC(FTPC) : -
1 TPC =2 o ToF (2008)
I ] © ~ 85ps
~—PC  FTPC i1 ST i FTPC 2RO

] | =

CTB to be removed

~
W
[ I - ITTTTTTl

Central Trigger
Barrel Counter (CTB)
Time-of-Flight
Detector (ToF)

Barrel

EM Cal (EMC):
4 800 Towers
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