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Two-photon process at Belle

er < :
*No tag method
Beam particles escape to beam pipes
Small virtuality, almost real photons

*Apply tight transverse momentum cut

to select exclusive two-photon events
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Two-photon process o
Differential cross section and invariant mass
spectrum for ¥y v = h h’ Luminosity function
do _ AY_AB a(e+e_—>e+e_X)=IGW_>X(W)Cj—V;dW
d1cos0| \ | cos o |g [ L W=M(7 7 )=M(X)
hh’=7x*n-, KK, ppbar, KsKs ¢
C=even, J#1 resonances (¢C=odd in e*e’) h
N, m>
I _(R)Br(R— X)= e
 (R)Br(R — X) Y Y

4(2J+1)7z28dLW(m ) | Lar
aw =k
R = fJ, a,, Xc.Jv nc,... h

Y ¥ axis =e*e" axis
For XYZ, see “XYZ particles at Belle” by Chengping Shen
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Test of QCD predictions

e pQCD leading order calculation
o(ryr—=hh)~ W" (W=o0)
n = 6 for meson
n = 10 for baryon

do /d|lcos8*| ~sin*0*

e Calculations for [ . (R) for a resonance R
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PRD78, 052004 95/fb
PRD79, 052009 223/fb
|cos 6% < 0.8

4 photons with E >70 MeV
2 7% with p,> 0.15 GeV/c
No track with p, > 0.1 GeV/c
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Trigger by Calorimeter
Energy sum (>1.1GeV)
4 Cluster (>120 MeV)
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Yr—=>nox"

Background estimation using p,-balance distribution

Fit to empirical shape
bkg: linear(x<0.05)+Pol2(other)

peak: Ax

BOO [ e ~

i I 0.0Gcev IS

w00 i | [ g 310000 &

500 Fi ! 0 s S \
o 400 F\! 300 Q 1000 \’/ ™,
> 300 N P N~ N
% 200 T ”*’W“*w,,ﬂ";’ 200 % \«'
s 14 o IR ko e
8 o 5
3 " "oy
- E ik
G 900 8 > 1 8
E 800 ?
£ 700
2 600 2 :

500 5 0 1 2 4

400 4 W(GeV)

300 3 .

200 2 Subtraction for W < 1.2 GeV

100 1 = " gom

} Iy v No significant bkg for W > 1.2 GeV

0 ; 02 03 0.5

UL 17, 2UUTD I Z ptl ) rwu- nuwn au wolle H. Nakazawa (NCU) 7



Yy ¥ = 970 Partial Wave Analysis for
fO 980) region -Unfold mass resolution

- Efficiency correction

dG o) N ol
= SY, + DY, | +| DY, '= 8" Yy [ +Dg | Y, [ +D; | Y,
47d | cos G |

160 [ moo Y PDG

o | Y fcosv'i <08 M [MeV/c?] | 982.2+1.0*%1,, | 985.6*12-1.5*11_ | 98010

e M, eVl |28617+211, 205495 147 | 31080,
£ Model [, . [keV]
0 uubar,ddbar 1.3-1.8

60
B ssbar 0.3-0.5
7 o 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

, o M(f,(1950)) 2038+13,, MeV/c?
§ [ (£,(1950)) 441+27 . MeV
25 +—|?‘|:H__|'__|_\4;> oé M, B(n°m?) |542, eV
R ‘(ée‘v;;z‘ —EREs 0
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,(2040) gives much better x 2
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YW ) =|NakW * +e [N, BW, (W) +N, |BW, W) +a(l-k)W [’
50
45 Ao
i i
< b
o 35 [[h
v N
5 30 \ﬁ\ XC2
= 25 | IR } |
O 1A
=20 | I 11 17 l
S 15 | iy srae! \
S
5F .h"':'-:sg._____ i
0 1 1 I . l?ﬁ
2.8 3 3.2 3.4 3.6 3.8 4
[, Br(x eVl [, . Br(x eVl
w/ interference  9.7%+1.5+1.2 7.60 0.18*015 ,,,+0.08 260
w/o interference 9.9*38, ,+1.6 1730 0.48+0.18+0.07*+0.14 1.30
Yy=n*n- 15.1+2.1+23 0.76+0.14+0.11

Consistent with Isospin invariance 2Br(x 7 9%=Br(x* ")
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o (|cos 6*]<0.8) do/d|cos 6%
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W =285 GeV
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_ *. %Af" do 1 .
g e s —=q(sin" g I#bcoszﬁ )
N UL d|cosd’|
- oy iz pQCD prediction
° yd o~W - {n=6
O('f: o(mOm0/ o (x+ )= const.
i o(n°n%) o < 0.1: |leading-order pQCD
:g; = 0.5 Isospin symmetry
|
% 04 EE IlHTlH _
zo3 SRR SRS R n=6.9+0.6x0.7
o o (om0 o(x*x)=0.32+0.03+0.05
02.2 2‘.7 3‘.2 3‘.7 4.2

4.5
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Significant b term contribution
Cross section ratio slightly smaller than Isospin symmetry
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Y ry—=n rm° : Bkg subtraction |::::
Bkg= n'->n n°%n? (0.8-0.9GeV) + other p, unbalanced bkg (0.8-4.5GeV)

Number of events/10 MeV/c
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Sl 0.36-0.55 [T

[

0.88-0.90

T

[Zptl (GeVic)

}Wd)

n’=>nnon’
One 1% missed
Peaks 0.05 GeV/c in p, balance
Estimated in 0.84-0.90 GeV assuming
no signal in 0.80-0.84 GeV

Other p, unbalanced bkg
W<2.0GeV
linear(| 2 p,|<0.05)+Pol2(other)
W>3.3 GeV
Estimated by comparing
R=Y(0.15<| 2 p,|<0.20) / Y(0<]| 2 p,|<0.05)
between data and signal MC
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b
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‘Unfolding between 0.9 and 2.4 GeV
Consistent with Crystal Ball measurement (PRD33, 1847 (1986))
*a,(980), a,(1320), a,(1700) seen
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Yy y=>nmno:

Partial Wave Analysis in 0.9 <W < 1.5 GeV

d A A .
o cosge B D LA DL =8 P DY | D3
50 Stable solution for a,(1700) not found in
s total various fits. -> concentrate on W<1.5 GeV
- - *Fit with a,(980), a,(1320) and a,(Y)
40} ! a, (980)
3 | I M [MeV/c?] 982.3+06 31, _
& sof o I [MeV] 75.6+1.6*74,
; : i r. . [eV] 128+3 502
&~ 20 E ! % (Y)
K> - > ; M 2 +0.7 4247
: | [MeV/c?] 1316.8+07 +247
- : !
o g " [ [MeV] 65.0%21 5 ;1 36
73 A I [eV] 432611073
e ‘\.\ Nominal M(a(Y)) = No a,(Y)
0] t:w;:.—;.—m-alu s p = =F ===
0.9 1 T - 3 T M(a,(1450))
W (GeV) x? (ndf) | 597.6/429 | 704.5/430 | 753.6/433

For a,(Y), nominal a,(1450) and contribution from a,(1320) disfavored
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Comparison with pQCD prediction
sin“ 0 * in agreement 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)

g (n 7%/ o(x°x% = 0.48 +0.05+0.04

*Not conclusive due to large error
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Summary

e Belle has studied pure neutral final states
%1 %and n n9in two-photon process

Light quark resonances are studied
by Partial Wave Analysis

X ., mesons are measured in 7T°7° final states

Differential cross section and cross section
are compared with QCD predictions
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Back up
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YY=>n'mw+-

e Search for X(1835)
e Measurement of 1 (1760)
e Measurement of 7
“1_"._! 'E
2 70} .
= ]
o 60| .
@
g %of ]
E 40 ]
30 | |
20 | ]
10} B N
02.5 27 28 29 3 31 3.2 33 34
Invariant Mass of ' & [GeWc%
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o foundin J/¥ — 7 X(1835), X(1835)- 1’ 1+ 1t - by BES (PRL95, 262001 (2005))

Preliminary
Parameters 1his P05
Y 1561, + 55
I L9+ 1.8+ 1.4(20803 1.2
T 362777 £ 26 | 26.7+3
1"_,.? - B 021 4.3 £ 6.3 19 A O7F
= 0.72+010+£0221 27X 1.1
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Invariant Mass of nx'n (GeV/c®)

*Coherent sum of 7 (1760) and X(1835)
‘Improved Crystal Ball function
for threshold effect
2 solutions are found
*No significant evidence of X(1835)
71 (1760) alone gives 6 0

Preliminary
Parameters | One rescnance | T'wo resonances with interference FDGOS
Solution I | Solution IT
X(1835)
iy 18357 (fized) 1833.T £ 6.1 £ 2.7
T 67.7 (fized) BT.7 £ 203 £ 7.7
Y B6.7C £33 | 114277 +434
Yan < 265 < 3060
T B 43130 +1.8 5615, + 21
(T8, < 13.3 < 104
n( 1760
iy 1773 + 17 + 11 1752750 + 11 1766 £ 9
T 19815, + 30 138721 + 30 96 + 70
Y 62070 + 82 [47ETE £ 62 14067107 £+ 183
T.wB [3527 0 +46| 267 £3 7500 £ 10
& {25 + 38)" (133 + 10)"

I WO-FNnoton at selle  H. Nakazawa (NLU)
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Parameter This work apl 1450} (PDG) Unit
Mass I3Iﬁ-E"}:E'fﬁ? 1474 £ 19 heV /o=
[ 65.01 Tt 265 + 13 MeV
. Bina") 432 + 6180 unknown el
Resonance Parameter MNominal Mi{ag¥)) fixed No apl(¥) Unit
iy 980) Mass 982308 92,3102 0823+ 0.6 MeV /c?
', 756 1.6 76.9 }:E 75.6] :f_‘l MeV
I'T?‘E[qﬂ-”] 12813 558133 642 + 8 eV
il ¥) Mass 1316.8457 1474.0 (fixed) MeV /c?
L. 5.0 ﬂ 251 'ﬁ MeV
I, Bing=") 432+ 6 (110153} % 10° 0 (fixed) eV
x-/ndf 507.6/420 = 1.39 T4.5/430 = 1.65 753.6/431 = 1.74
Parameter This work Unit
Mass 082 3*oe%l 084.7 + 1.2 MeV /c?
I, 75.6 = L6* 1 50-100 MeV
r,,Bina") 12g*3ta0 24075 eV
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