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Purpose of the Document

» Revisit the arguments that we make on production of exotic hybrids with
an eye to being more quantitative.
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Photoproduction Mechanisms
P,w,

-

X Simple quantum number counting for production:
(I)JPCup to L=2

-~

T,M,P,n,P,...
P = Pomeron exchange

pPTP®  — T pT is charge-exchange only

OO.pp  — M | |
on,pp,.00 — n’;  Can couple to all the lightest exotic

pP — bg hybrid nonets through photo-
®P — ho production and VMD.

(DP, d)P _ h’o

o7,pNn,pP  —b,

om,mn,0P —h, Linear polarization is a filter on the
om,on,dP  —h’, naturality of the exchanged particle.
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Purpose of the Document

» Revisit the potential decays of exotic hybrids with an eye to being more
guantitative.
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Decay Modes of Exotic Hybrids

ny — mp, nby, nfy, ™7, Nay
mnm — ﬂfz, a,m, ﬂf1, nn’, 75(1300)7T, aT,
n,’ = KK, K,(1270)K, K,(1410)K , nn’

b, = on, a,m, pn, f1p, aiw, hym, bm

h, = pm, by, o, f1o N/\N

h', > K, (1270)K, K, (1410)K, K"K, ¢n, f1

bo —> TC(1300)TC , thC, flp, bln
hO—) b17'C , th]
h'o —> K1(1270)K, K(1460)K, hln
Models suggest narrower states are in

the spin-1 and spin-2 nonets, while
october 15, 20fiybrid kaons do not have exotic QN’s  ,, the spin-0 nonets are broad.

Early Reach With Statistics Hard



Purpose of the Document

» Assume vector meson dominance and look at simplest exchange
mechanisms ( p, ® or ¢ beams ).

» Insure conservation of strong quantum numbers |, J, P, C and G.

» Consider identical bosons, and isospin Clebsch-Gordan coefficients.
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Mesons in the quark model

Normal Mesons Exotic Hybrids

QNs Names QNs Names
g ‘g gP-iC_:' E{Gg Eéf; ((I)) = JPC (IG) (IG) (I)

— — 7 n ,r’/ 1 — — ; l
01 1= (19 p () w ¢ () K 1: (1) m (O7) m m(3)
I 0 1~ (1) by (0) by W (1) K& O _ (1+) bo (07) ho hp (3)
1 1 0t (1) a0 (0%) fo £ (%) K} 2 (17) b2 (07) hy hy; (3)
1 1 1T+ (1_) ai (0+) fi fi (¥) K1
1 1 2% (17) ap (07) fo £ (3) K3 <00]1+1;1-1>
2 0 277 (17) m (07) m2 mh (%) K>
2 1 17— (1+) P1 (O_) w1 ¢ (g) Ki |0’0> > |1,0>+|1,0> <00|10;10>
2 1 277 (I%) p2 (07) w2 ¢2 (3) Koa
2 1 3~ (1) ps (0) ws 65 () K; <0011-1i1+1>

1,0>->150=2+ |1,0> <101 +1;1-1>

ldentical Bosons must have even L <10[10:10>
Production: p%p?, o® , dd <10[1-1;141>
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Pion Exchange

7% Exchange

Incident exchange (I)¢ L JE¢C Exotics
p 0 0~ L=0
L=1 1= 27—
L=2 27— 3t~ hy , A
w,d 0 ()t L=0
L=1 1 27
L=2 2t 3t B
n* Exchange
Incident exchange (I)€ L JP Exotics
p E () L=0
L=1 1~ 2- 7xf
L=2 2t 37
w,p nE ()t L=0
L=1 1= 2=
L=2 2t 3t by
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Eta/Eta-prime and Pomeron Exchange

n and 1’ Exchange

Incident exchange (I)¢ L JPC Exotics
P n,n ()T L=0 177
L=1 0~ 1~ 2
L=2 1t~ 2t 3t~ )
w,p nn (0 L=0 17
L=1 0 17— 2~
L=2 1t 2t~ 3t hy B
Pomeron Exchange
Incident exchange (I)¢ L Jre Exotics
p P () L=0 1
L=1 0t~ 1+~ 2+ 0, i
L=2 17 27— 3~
.d P (0 L=0 1 -
L=1 0t~ 1t— 2t~ hg, ha, hy , h)
L=2 1— 2~ 3
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Production of Exotic Hybrids

Beam Exchange

N o~ N

0, 2

Beam Exchange

L

Exotic Beam Exchange L
by pY P 1
by p° p* 0, 2

p° bt 1

1
Exotic Beam Exchange L
ho, by w, ¢ P 1

Exotic Beam Exchange L
7 p’ w,p 1
pO h’lah,l 07 2
w,p p° 1
w,o b0 0,2
T p° nt 1
w,p p* 1
W, bt 0, 2
Exotic Beam Exchange L
mm P by 0, 2
w [0) 1
[0 w 1
w’¢ hla h”l Oa 2

w, ¢
w, ¢

2
1
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Decays of Exotic Hybrids

0
7] Decays

m and 7] Decays

Exotic (I)¢JPC Daughters L Final States

9 (H)"1=+% p* xF 1 xtr—a
n 7w 1 grtaa® prOn0zn0
fi 7 0 grtaa® paOnOn0
b ¥ 1 wrtao
P w 1 wrte™
ay 1 nrta—n°
¥ w0 wwr

wit Decays

Exotic (I)¢JF Daughters L Final States

e (1H~1= p= 7w 1 aFa%70
P’ 1 afata™
" ot 1 grta ot prnOnt
fi #wF 0 nprtrat  ga0aOnt
¥ % 1 wrta®
bi at 1 wnO7*
b3 w 0 wwrt
p:t w 1 wrta®
ai n 0 nrtrtn— nrta0zl
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Exotic (I)¢JPC  Daughters L Final States
o=+t n 1 mgmrtwe i
fi n 0 mprta O
fa n 2 nrtwT 070
ay nt 2 nrtao atr—ntn~  atn—a0x0
ad 70 2 nu0x° ata—mOm0
af 7 0 nnox° ata~nOn0
b9 P 0 wrtr AP
(0)*1—* w o 1 wo
(K K¥ 1 KtK—n0
(K*)O Ks 0 K+KS7T_ K_K57l'+
Ki K¥ 0 KtK-ntr
K? Ks 1 KtKenn® K Kgntn®
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Decays of Exotic Hybrids

bg Decays h2 and h!, Decays
Exotic (I)¢JFPC Daughters L Final States Exotic (I)C_;Jff De;ughterso L Final Sgates
B ()2t w2 wr® ha o (0)72 P i g T
P n 2 grime I;)t qu: 1 :Z""/r_
af wF 1 gntme atr—rtn~  ata—aOn0 &) o 1 0,0
2 0 ] ™ wmT
by n L wnm L B fi w 1 wyntn™ wnmon?
fi p 1 qgrta—atn™ pata—a070 A 0)~27 p n 2 o
of ¥ 1 wtrrtn  ata 00 R 0,0
1 fi ¢ 1 gnmtw e
Kf K¥ 1 KtK-rntn
K? Kg 2 K+Ks7r_ K_Ks7r+
(K3)* K¥ 1 KtK—x° KtK—ntn—
b% Decays (K3)* Ks 0,2 K*Kgr¥ K*KgnFn®
Exotic (I)®JF Daughters L Final States
by Hr2t w rF 2 wrt
p:i: n 2 77,n.:i:ﬂ.O
ag 7 1 grEad atrtr— a0  aEaOnOx0
oy 7wt 1 7afgtr—ao
bf n 1 wyr*
Qi pE 1 wnOnO7*
b p° 1 wrtart
fi pr 1 grtna®nE prOnOrOnE
af 7 1 aEatra0 xEp0n0x0
o 7F 1 atpta a0
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Decays of Exotic Hybrids

ho and h{ Decays

b3 Decays (I)GJre Daughters L Final States
(0)=0*~ by at 1 wrtw™
0 0 0.0
Exotic (I)¢JP¢ Daughters L Final States 21 T } YT
B0 o+t 0 1 Yr—ntn— 7070 1 n nm T T
0 @) {(1) l;’ 1 Z;;ﬂo 7 (0)=0*~ K K¥ 1 KtKntm™
he w1 atrea0n0 K(1460)* K¥ 0 KVtK-ntn~ K+K n%z°

b(:)t Decays
Exotic (I)JF Daughters L Final States
by (n*rot £ pr 1 gt a7t grOn0nOxE
bli n 1 wyr*
bi pt 1 wrfnO7*
b P° 1 wrtr zt
hi rt 1 #ata aOn*
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» This document looks at the simplest production mechanisms, including both
natural and unnatural parity exchange.
» One could extend to a,, a; and a, exchange if that is deemed interesting.
» Photoproduction of charged and neutral isospin 1 states can be quite
different. It is important to look for both of charged and neutral states.
» | have looked at the simplest decays, others are possible, but tend to lead to
even more complicated final states.
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