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[Two-photon procesél

e New Resonances

Yy —> resonance — T'T
| | KK~
etc.

eQCD . |
Initial state is simple: ~y~y
- Strong interactions are present only in final states.

ll

two—photbn processes provide very clean tests of QCD.

o Clueball Anti-observation .




Feature e Photons emitted from e, e are mainly
B e T R

e Photons: JPO 1— .

e (Quasi real photons momenta are parallel

- to"beam axis. |
—— Good balance of transverse compo-

nent of momenta p¢

o JPC = g+ ot+ resonances are mainly
produced.

,),;), — X — T |
‘e ™ decay mode = G- Parlty G=+1(G=(— 1)IO)

o JPU = = 07T, 27 resonances are mainly produced

LInyy — 7r+7r process, fj(J = even) resonances can be observed

e We can give an isospin information for resonances observed in’"-the
other decay modes. = fj or not.

o 'y, B (Resonance — 7m) can be measured.



fo (980) meson is not well understood.
This meson was recently observed in DF — m~n @™ decays.
The width ['yyB (fo (980) — 77r) can be used to constrain the nature of

the f5(980).
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Eur. Phys. J. C9, 11-29 (1999)
The £y (980) was not seen clearly in previous two-photon experiments.



Belle Experiment

KEKB Accelerator
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e 2 rings e"-e” collider |
¢ 8.0GeV e~ and 3.5GeV et
e Maximum Lumihosity Record:
L =83x103m %!
KEKB accelerator has very hlgh

luminosity. Useful for two- photon
physms



Belle Detector

M‘ain Detectors

aﬂ;é.pg:g;go; | o '_ - SVD Silicon Vertex Detector

”C’DC: momenta measurement

ECL: CSI(TI) energies of photons
and electrons -

ACC: K/m 1D
'..‘l.5|llcunVerl:exDeledor KLM M/KL ID

- 2. Getrtral Drift Chamber <

3. Aprogel Cherenkov Counler
_ 4. Time of Flight Gounter

5. Csl Calorimeter

6. KLM Detector
7.-Superconducting Solenoid
2. Superconducting Final
Fowssmg System ’

KLM is effective mtheW > 1'7'_5GeV mass region in ~y-y s [l Process.




two-photon events

pr > 0.3GeV /c

| =ps [< 0.1GeV /c

—0.47 < cosf < 0.82

ete” ' pairs are rejected by electron ID.
P+<O66 & P,-<0.66
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Figure 1: E /p scatter plot of before and after elec—
tron ID cut. - -

Particle ID devices:

TOF and dE/dz(CDC): /K /p separatlons |

ACC: 7/ K separation at p > L. 2 (GeV)

Likelihood parametmzed by Particle ID de-

vices: ,
(K+;7r+) X P(K T ) < 0.25"

Pp; KT)x P(p; K~) <0.5

™ pairs are not rejected.
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f0(980) does not--deéay into utu~.

pp~ events are not

rejected.

| cos 0 |< 0.6

Yy —e'e

| K"K~
-

events are rejected.

vy —

T

events remain.

-



Mass Resolution
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rigre 22 Mass Resolution of the Belle Detector.

W =W |<1(MeV)
oy =2 (MeV)

MC  simulation’ was
used to obtain mass
resolution. 1,000, 000

7R " events were gener-.

ated at W = 0.985GeV.




Estimation of the number of ee7r+7r_ events

Using the ratios of events in 4 regibns:'

'> i — 1t Eogy (+) < 0.35(GeV) N By (<) < 0.35(CeV)
% 2: B (+) > 035 (GeV) N Egq () < 0.35(GeV)
| 1.42— J 3 Eedl (+) < 0.35 (GeV) N Eed( ) > 0.35 (GeV)

w 4: Bo (+) > 0.35(GeV) N Egy (=) > 0.35(GeV)
::: @ Almost all events of eeup are in Eg (+) <
o 0:35(GeV) N Eeq (—) < 0.35 (GeV),
| 02 L B From ratio of number of events in each region, num |

%002 04%0s 08 T2 ;,ﬂ)‘(é’ew . ber of eenrt ™ events can be estimated.

rigure 3 OCatter plot of energy
deposit in the ECL(CsI(T1))
detector. ee — eeup MC -
was used.




Numbers of een™n~ and eeut ™ events
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Figure 4: 687‘[‘ 71-_

Figure 5: 8€M+u_




| Selection Efficiency | , [_Trigger Efficiency | 21 ndf 1897122 | |
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Selection efficiency and trigger efficiency.
Selection efficiency is calculated from 777~ MC simulation.
Trigger efficiency is calculated from gt~ MC simulation.
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Cross Sections of vy — 7w'm
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Yy —> 7ta~ cross sectlon Wlth prewous experiments.
Good consistency.




Fitting for fy(980)

o: cross section of yy —

dL | 080) — mHr—
ANpy = 0+ ¢ eug g aw - ypa 0O

& dIW e detection efficiency -
o = ‘ (W2 - M2) L M2.r2 G trigger efﬁc1ency
ANBG = Cy+ C1W + C'QI/V2 ddl;/[’y/'y Lummosrcy function
‘ EE o [ Ldt: integrated luminesity
8.8 =oMT '

fit function: AN '; ANy, + A’NBG |
[nterference term was not considered.‘ M: mass of fo(980) |
[ width of f5(980) . .

fit parameters: Cp, C1, CQ, S, M I



Fit Result ) §10§' o /Ldt = 88.9fb_1
s - .
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* Tesonance fo (980)
M(M&V) 981.3 £ 04
T(MeV) 10.7E16

Only statistical errors are shown. Systematic errors are now under Study.




Ty (f0(980)) B (fp(980) = nir™) = — (ZJ+ o
S |
8r (2J +1) F -

o p 0.6 3T (A2
F=@7+1) % Hh®do) dz
F=06(J=0

Summary

The Belle’s result on F’)”Y (fo (980)) (fo (980) — 77 ) will be shown af—

ter systematic errors study finished. |
The result seems to be much smaller than the PDG value Wthh is

[y (fo (980)) = 0.3973:19 (keV).
fo(980) was seen as a positive peak with a narrower width tha,n one

given by PDG.



