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Two-photon processes at Belle

e : >
et <
*No-tag method

*Apply tight transverse momentum cut to select exclusive two-photon events
«Small virtuality, almost real photons = Measurement of [ o

Beam particles escape to beam pipes with small scattering angle

Y ¥ axis = e*e" axis
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Two-photon Process

e Process with almost real photons

e (Differential) Cross section at W = 2.4 GeV X
pQCD leading-order calculation for hadron pair production

o(rYr=hh)~ Wn (W->o0) M
: Y

n = 6 for charged meson pair
n = 10 for baryon pair

do /d|cos 0 *| ~ sin 4 0 * for charged meson pair W=M(7 ¥)=M(X)
Consistent with v v = ' -, K'K for W>3.1 GeV
- Handbag model (non pQCD) ~ sin 48 * also for neutral pair h ¢
e Resonance study
C=even (¢ C=odd for X in ete- = X), J#1 v v
Comparison with calculations for I ., h
W £ 3.0GeV

Light meson study by Partial Wave Analysis
Provides information to solve light scalar meson puzzle

W 2 3.0GeV
Charmonium study, XYZ search
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How to derive

Luminosity functior

B B dL
ole’e” > e'e X)=IG W—HdWw

=X W
o Differential cross section and invariant mass spectrum for ¥y y = h h’
do  _ AY - AB W=M(7 7 )=M(X)
d|cost| AWA | cos & |g%det ¢
dw

oW)=X do —Al|cosé |

d|cosf | Y Y
e Two-photon decay width ",
e For a narrow resonance h

N, m?
FW (R)Br(R— X) = R__R

4(2J+1)7zzgdLW(m ) j Ldt
aw ="

Feb 17, 2010 Recent Two-Photon results at Belle  H. 4
Nakazawa (NCU)



Contents

oY '}"”7[07'(0
oy ¥ —=>nm°
oY Y =>PJ/UY
oY VY2 WJ/ U




Yr=>nno
ePRD78, 052004 (95/fb) W<1.6GeV
oPRD79, 052009 (223/fb) W>1.7GeV
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00
0000
Yy v = 970 Partial Wave Analysis for| $2:°
| X
f,(980) region -
T g S D P | DX P87 XY P D XS D3
160 T oo JTrie PDG
| costI< 08 M [MeV/c?] | 982.2+1.0*%1,, | 985.6*12-1.5*11_ | 98010

N
o

M, [eVl] 28617211 205%95 ;147 | . 310%80_ .,

x Model I, [keV]

0 uubar,ddbar 1.3-1.8

B K ssbar 0.3-0.5

© w0 KKbar molecule 0.2-0.6
2 Four-quark 0.27

Consistent with 7 * - mode (PrD75,051101)
uubar, ddbar disfavored compared to other models
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Y r=>non® :f,(1950), f,(2050)

do
i leoge = ST DAL G+ D 4G T
COS O*
&2 02 N2 02 A 2 22 ~2 02 ~2 212
=S7|Yy " +Dg |, | +D) |V [ +Gy [ Y | +Gy | Y|
arameterization 12
J( ,,,,, \im%o)e M(f,(2050)) 1885+14_ . MeV/c2

[ (f,(2050)) 453+20 MeV

M, B(rox% | 7.72,, eV

M(f,(1950)) 2038+13, MeV/c?

> e : [ (f,(1950)) 441477 . MeV
i + el
2 | JFJr\ﬁt?P G M, B(nom0) |54, eV
e ‘1[5‘ ‘ ‘1[9‘ ‘ z‘W <éwev>2‘z ‘ ‘2}3‘ ‘ ‘2‘,4‘ 25 1045
Nominal | Fixed f,(2050) | No f,(2050) No f,(1950)
x?2 (ndf) | 323.2(311) | 594.4(313) 1397.8(315) 2306.8(315)
Inclusion of both f,(1950) and f,(2050) gives much better x 2
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Y ¥ = %19 Higher region

|cos 0 *|: a(sin* 6 *+bcos2 6 *) NE)
v e —
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© sl 3.0t
1.0t 20r
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|cos 6%|

02 04 06 08 1
|cos 6%|

o~W"M":n=6.9+0.6x0.7

o(n%n%/o(m*m-)=0.32+:0.03+0.05

Significant b term contribution
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*Cross section ratio slightly smaller than Isospin symmetry, 0.5
X .0 observed with 70
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‘PRD80, 032001 (2009). 223/fb
a, resonances (lsospin=1)

*lcos 6% < 0.8

*a,(980), a,(1320), a,(1700) seen

-Consistent with Crystal Ball measurement

(PRD33, 1847 (1986))
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Yy y=>nmno:

Partial Wave Analysis in 0.9 <W < 1.5 GeV

d . . A
o cosge] B D LA DL =8 K DY | D3
50 ,
: total -Fit with a,(980), a,(1320) and a,(Y)
40| o a, (980)
2 : I M [MeV/c?] 982.3+06 , +31,,
& 30 : I [ [MeV] 75.6£1.6*174_
& [ H \ +3 +
2 : | I [eV] 128+3 ,+502
&~ 20 E ! % (Y)
\P; - ° ' M 2 +0.7 +24.7
s | | [MeVi/c?] 1316.8+0.7  +247
1 ] [ [MeV] 65.0%21 5,79 556
o 7
Z',' K u,‘.‘ g |_ , _r[eV] 43216+1073-256
. ' ‘\.\. Nominal M(a(Y)) = No a,(Y)
O S It S o S v S b Wia,(1450))
W (GeV) X2 (ndf) | 597.6/429 | 704.5/430 | 753.6/433

For ay(Y), nominal ay(1450) and background from a,(1320) disfavored
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«Consistent with sin40* for W>2.7 GeV

‘W-" dependence of o
n=10.5+1.2+0.5

consistent with KsKs (10.5+0.6+0.5)
co(nm%/ o(rx®mr%=0.48 =0.05+=0.04
*Not conclusive whether constant or not
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Entries/25 MeV/c?

000
0000
0000
e00
CDF(PRL102,242002) o0
} Y > q) \J/ w b %
> 8¢ b)
+825/fb = 7t | Y(4140)
*No signal of Y(4140) o GF ¢
. ™ c
D.**D.* molecule disfavored @ 5F
Evidence for a new structure X(4350) % 4t
*Tetraquark?, D,**D,* molecular?, x ,,"" ? = 3F ’J—‘
c 2F
#event 88i§§ 5 15 |—] |—-|I_I
| significance 3 2 (including systematic error) 0 E I' ﬂT ol . :
81 X(4350)” M 435067 E0+07 Mev/c2 U R
s - 2
6 L r 1331159441 Mev AM (GeV/c)
I +3.2 o ot 32T T T T T
ar T 18400103 v for gt > 3150 LF ]
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jy—»w J/ U

X(391 5)

Events/10 MeV
oo

M

Tir (4941444 event)
39154342 MéV /c2

1741043 MeV
611748 &V far g+

18+5492 &V for 9+, helicity 2

W (GeV)

«Comparable with Y(3940) and Z(3930)

‘Measured ' , . (X)[" ,,,, (X) compatible with D*D* state

XYZ near X(3915)

X(3940) g7+ ete o J/YX

Y(3940) 77+ B =K Y, Yowlfy

Z(3930) ot+ 17—+ %, Z— DD
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<52 MeV Bell=(FR
8T +22425 MeV s-iiz(rr

2941042 MeV - B=li=(FR
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Summary

e Pure neutral final states 7% %and n 1% have
been studied in two-photon process

Light quark resonances are studied
by Partial Wave Analysis

X ., mesons are observed in %70 final states
cJ

Differential cross section and cross section
are compared with QCD predictions

e X(3915) has been observedin ¥ ¥ = wJ/ Y
Comparable parameters with Y(3940) and Z(3930)

e Evidence of X(4350) was foundin ¥ v = ®J/ ¢
A new structure (?)
No signal of CDF Y(4140)
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