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X production through radiative corrections

Production of charmonium resonances with J™+

o Electromagnetic production only through higher order
electromagnetic process.

@ Strongly suppressed by ordinary annihilation through one
photon to J~~

@ High luminosity colliders (eg. BESIII) are needed.
@ Signal can be observed in reactions:
eTe™ — xc — hadrons

ete™ = xc = yJ/Y(—= wtu™)
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X production through radiative corrections

Cross section for the process ete™ — xc — vJ/(— puTu™) J

o Background (Fig.(c)) has to be taken into account
° \/E = MXC
® w, has to be chosen in the proper kinematic region

@ possible contribution from a diagram from Fig.(b) is negligible
for our event selections:

9.58916 < Q2% < 9.59262
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X production through radiative corrections

Short distance approximation )

S p1 S b1
7 P2 7 P2

’
@ Alxe = vy) < ¢ (0)
@ Terms o b in the A(xc — ~v7) break gauge

invariance
@ = 4625 1
YT Vm (M /2+b2 [4+bMy /2)?
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@ b—o2m— _llal
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2ee = 5 8r Xcp

J. H. Kuhn, J. Kaplan and E. G. O. Safiani, Nucl. Phys. B 157 (1979) 125.
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X production through radiative corrections

4m

X = —1
Micl
16v/2a2a i
g1,, — W2(Iog(—2z;) —im)
Xc;
64a2a . 1.
82, — 572 [(Iog(—2z,-)—/7r)+§(l7r+|og2—1)]
Xcp
zi = 2, 16’ (0)[2 = 0.1GeV5

| | Mee | [2ece |
b=0.5 GeV

Leading term | 0.0226 eV | 0.0243 eV
exact result 0.0317 eV | 0.0159 eV
b= —-0.5 GeV

Leading term 0.164 eV 0.0512 eV
exact result 0.141 eV 0.0731 eV
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X production through radiative corrections

Binding energy corrections )
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X production through radiative corrections

xc — v FF
=R’ +
\/E( + faf
c—~J/Y FF
b=2m— M,
J /v /
v 0 a=\/L3¢%'(0)
/ 0 o/ uuoete=Myy
42

@ a, - free parameter

c _ deay 1
T/ T T m (M2 /2482 /4400y 2= M3, [2)?

H. Czyz, J. H. Kiihn and S. Tracz (in preparation)
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X production through radiative corrections

a=0.073GeV °/2
|¢ (0)]% = 0.04 GeV>
a;=0.11

Mxeq — efe”) =

22
a“Gf

+mQ4

MXcl |g1|2 QGF

m= 1.7 GeV
’ by = —0.204 GeV J

by = —0.249 GeV

3 2 +\/%Q2Re(g1)

1 —4sin® 0y + 8sin* Ay | |,

Electronic widths

Y+ I/

Y J/vy | QED+Z°

F lee [eV]
rgee [eV]

0.078
1.35

0.073 | 0.003 0.071
0.032 | 0.975 -
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X production through radiative corrections

lMee = 0.071 eV J Mee = 1.35 eV J
0.003 0.084
ISR background —— “ ISR background ——
. QEDssignal - P QED'signal —x--
0002 f2ay QED+2" signal = 0082 T
0091 NS A e
e, ® 0.08 Loty
+ ty
~ 009 ’~!‘ ~
g ; i, 0o -
© .08 : P ° x
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‘ 007 +
0.088 L2044, 160° i Ty M6 5, < e B
- EELRL LT Mg « O Ty
My, = 351066 GeV 2 oo L M, =356 Gev et
0.087 7 %
0.086 0.072
3502 3304 3506 3508 351 3512 354 3516 3518 352 350 3545 355 3565 357 3575 358
5 (Ge)
AE =1 MeV beam resolution per beam was assumed. )

H. Czyz, J. H. Kiihn and S. Tracz (in preparation)
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X production through radiative corrections
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H. Czyz, J. H. Kiihn and S. Tracz (in preparation)
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Radiative corrections to pion pair prod

Corrections to the reaction ete™ — 7Fn v
F. Campanario, H.Czyz, Sz. Tracz, D. Zhuridov, J. Gluza, T. Jeliiski, T. Riemann

value
> (==} P‘Vln
1.4
ghadLove
" 0.9
T T T T T T
T KLOEO08 368.9+0.4+23+22

— KLOE 10 366.1+0.9+2.3+2.2
—_— KLOE12 366.7+1.2+24+0.8
T BESIII 3700+25+3.3

|

————— BaBar09 376.7:20:1.9
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Matter to the Deepest, Ustron
2015.

M. Ripka [BESIII Collaboration],
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Radiative corrections to pion pair production

Born amplitudes J

=t ¢t s
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Radiative corrections to pion pair production

Two photons emission )
el gt
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Radiative corrections to pion pair production

Virtual corrections }
-4 P = - -
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Radiative corrections to pion pair production

o Diagrams describing virtual corrections contribute through
their interference with the Born amplitude.

o sQED
@ including form Factor

@ 2 independent codes
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Radiative corrections to pion pair production

sQED - we do not expect large contributions J
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F. Campanario, H. Czyz, J. Gluza, M. Gunia, T. Riemann, G. Rodrigo and V. Yundin, JHEP 1402 (2014)

114,[arXiv:1312.3610 [hep-ph]].
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Radiative corrections to pion pair production

FF -possible resonant enhancement for Q near to the mass of the p )
- N N N_r----d----
e - 7(-+
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Conclusions

Final remarks

o Direct resonant production of x, , lead to measurable
resonant enhancement in cross section.

@ The prediction exhibits a sizeable model dependence.

@ Resonant signal both in the hadronic cross section and in the
vt u— channel could be seen at the BESIII

@ We keep working on radiative corrections to pions pair
production and expect the first results soon.
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