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current experimental result and prediction
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‘2015 HIM* based on simulation with Phokhara v9.1 [arXiv:
1407.7995v2].

1.

w

for o, unprecedented accuracies above 2.0 GeV: 0.5% @

2.125 GeV; 26% @ 2.8 GeV

for R ~ 9% - 35%, comparable as space-like region

for G,, ~ 1% ~ 9%, for G¢ 3% ~ 35% (unprecedent!)
possible extraction of the forward-backward asymmetry (2y—
contribution,...), periodic structure of TL FFs?

We need a good generator with high precision!
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Brief introduction of PHOKHARA (v9.1) and ConEXc (BesEvtGen-00-03-69)

e Both ConExc and PHOKHARA can satisfy our requirement of proton
FFs measurementine™e™ — pp.

* common:

= event generators for exclusive processes

= NLOforete™ —» pp
= Vacuum polarization

=  Both precision are high ~1% ?

e differences between:

. |ConExc | PHOKHARA
Modes 68 10

Coulomb effect
Initial state radiation
Vacuum plorization

Final state radiation

CSBorn+NLO
Photons generated

By inputting c*C

NLO with one method
Fred Jegerlehner

By PHOTOS package

Calculated directly by formula
Only one

Implemented in the model

NLO with another method

Fred Jegerlehner or Thomas Teubner
no

Calculated with generated events
One or two



The same input Born o and R = |Gg|/|Gy]

input model
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Why input Born ¢ &R = Gl O |Ge| & |Gy |?

|Gm Born:
1. Born cross section
dra?BC
B (@) = Taa e |IGu@)F + 5 1Ge@)]
NLO:
2. Separation of |G | and |G, | (or R = I—) through angular analysis:

d Born 230
’ _ab {(1 —I—GUSEEJEMNGM[E + ;|GE|25in29§M] T = 4M2,f3 V1— 1/,

BB  _
dQcar 4q°

In experiment:

dN Lhcma?BC 1 |Ge|?
exp __  Nops _ . Cul? 1 (1 0 : 29
1 Oporn = L-e-(146) and €(1+6) x dcosfl, 2s |G [( +cos®0p) + T |Gm|? sin
theory
2 (1+96)= Bot’,'l’”:gfjfo is the radiative correction factor; ¢ is the selection efficiency;
Born

€(1+0) should be similar at different energy points.



Output from ConEXxc (BesevtGen-00-00-69) and PHOKHARA (vo.1) (Born+NLO)

E (GeV) € (%) € (%) (1+3) (1+3) €(1+9) €(1+9)
ConExc PHOKHARA ConExc PHOKHARA ConExc PHOKHARA
2

66.6 67.3 0.903 0.903 60.1 60.8
2.05 69.9 70.6 0.926 0.926 64.7 65.4

2.1 69.7 70.4 0.949 0.949 66.2 66.8

Si m i Ia r- res u |tS O bta i n ed 2.12655 69.8 70.3 0.965 0.96 67.4 67.5
2.15 69.1 69.7 0.993 0.984 68.6 68.5

except at high energies, ie. 2.175 68.2 68.5 1.016 1.016 69.3 69.6
2.2 66.6 66.8 1.045 1.044 69.6 69.8

3.08 GeV. 22324 6422 64.3 1.1 1.099 70.6 70.7
2.3094 54.6 54.6 1.299 1.299 70.9 70.9

2.3864 50.5 50.7 1.266 1.267 64.0 64.2

2.396 51.3 51.4 1.253 1.254 64.2 64.5

2.5 47.8 48 1.28 1.28 61.2 61.4

2.6444 37.4 37.5 1.671 1.67 62.4 62.7

2.6464 37.1 37.3 1.676 1.675 62.2 62.4

v’ & -- BESIlI selection efficiency 2.7 34.7 34.9 1.797 1.795 62.4 62.7
v’ (1+8) -- 9BorntNLO - Histion correction 2.8 33.2 33.5 1.86 1.858 61.8 62.2
OBorn 2.9 30.5 30.7 2.029 2.022 61.9 62.1

factor 2.95 26.4 26.6 2.346 2.33 62.0 62.1

v g(1+8) — should be consistent at 2.981 23.3 23.5 2.69 2.664 62.6 62.5
different energy points 3 21.1 21.4 2.947 2.91 62.3 62.4
3.02 19.5 19.8 3.18 3.125 62.2 61.9

3.08 22.3 24.2 2.585 2.366 57.7 57.1 6



Aslfe (%)

Output from ConEXC (gesevicen-00-03-69)and PHOKHARA (v9.1) (Born+nLO)
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At most low energy points: At high energy points, line 3.08 GeV:
e ¢&:ConExcis ~1% lower than PHOKHARA; * large differences in g, (1+9), and g(1+9).
* (1+0): ConExc is similar to PHOKHARA; * do not know the reason yet. input ?

e ¢g(1+0): ConExc is ~1% lower than PHOKHARA.



The same input Born o and R = |Gg|/|Gy]
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The same input Born o and R = |Gg|/|Gy]
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Output from ConEXC (gesevtcen-00-03-69)and PHOKHARA (v9.1) (8orn+nLO)

» curves of BESIII selection efficiency g, looks similar but different at high energy
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The difference at high
energy caused by ?
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Output from ConEXC (gesevtcen-00-03-69)and PHOKHARA (v9.1) (8orn+nLO)

 curves of (1+0), looks similar at low energy, but different at high energy
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Output from ConEXC (gesevtcen-00-03-69)and PHOKHARA (v9.1) (Born+nLO)

* curves of g(1+6) I|ttle dlfference at aII energy pomts
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- little difference in the corrected data distribution = little difference in R and G,,.12



Born mode:

cosO distribution of proton in Born and Born+NLO modes

Output from ConEXC (gesevtcen-00-03-69)and PHOKHARA (v9.1) (8orn+nLO)
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The samples of Born mode are very similar. But the samples of Born+NLO mode have difference 2>
difference in (1+0) .



Output from ConEXC (gesevtGen-00-03-69) and PHOKHARA (vo.1) (Born+NLO)
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Better result from ConEXC (gesevicen-00-03-18yand PHOKHARA (s.1) (Born+NLO)

Comparing ConExc
(BesEvtGen-00-03-69)
and ConExc(BesEvtGen-
00-03-18), the way of the
initial radiation changed,
and a better VP is used.

But more in detail needs
to be understood.

Energy
(GeV)
2

2.05
2.1
2.125
2.15
2.175
2.2
2.2324
2.3094
2.3864
2.396
2.5
2.6444
2.6464
2.7

2.8

2.9
2.95
2.981
3.0
3.02
3.08

0.6131 +- 0.0006
0.6608 +- 0.0005
0.6755 +- 0.0004
0.6765 +- 0.0005
0.6501 +- 0.0006
0.6452 +- 0.0005
0.6295 +- 0.0004
0.6077 +- 0.0006
0.5696 +- 0.0004
0.5378 +- 0.0006
0.5326 +- 0.0006
0.4944 +- 0.0006
0.4263 +- 0.0006
0.4242 +- 0.0006
0.3888 +- 0.0006
0.3343 +- 0.0006
0.2912 +- 0.0005
0.2747 +- 0.0005
0.2657 +- 0.0004
0.2581 +- 0.0004
0.2510 +- 0.0004
0.2213 +- 0.0004

0.6112 +- 0.0007
0.6591 +- 0.0007
0.6740 +- 0.0007
0.6745 +- 0.0007
0.6505 +- 0.0007
0.6437 +- 0.0007
0.6276 +- 0.0007
0.6054 +- 0.0007
0.5697 +- 0.0007
0.5376 +- 0.0007
0.5316 +- 0.0007
0.4938 +- 0.0007
0.4277 +- 0.0007
0.4254 +- 0.0007
0.3909 +- 0.0007
0.3350 +- 0.0007
0.2917 +- 0.0006

0.886 +- 0.002
0.918 +- 0.003
0.955 +- 0.003
0.978 +- 0.003
1.001 +- 0.003
1.029 +- 0.003
1.058 +- 0.003
1.096 +- 0.004
1.172 +- 0.005
1.224 +- 0.003
1.228 +- 0.003
1.274 +- 0.003
1.479 +- 0.003
1.483 +- 0.003
1.609 +- 0.003
1.858 +- 0.005
2.105 +- 0.001

0.2747 +-0.0006 2.234 +- 0.002
0.2648 +- 0.0006 2.323 +- 0.002
0.2573 +-0.0006 2.384 +- 0.003
0.2498 +-0.0006 2.455 +-0.003

0.2052 +- 0.0006

2.717 +- 0.003

0.885 +- 0.001
0.917 +- 0.001
0.953 +- 0.001
0.977 +- 0.001
1.001 +- 0.001
1.029 +- 0.001
1.058 +- 0.001
1.098 +- 0.002
1.172 +- 0.002
1.218 +- 0.002
1.223 +- 0.002
1.269 +- 0.002
1.475 +- 0.003
1.480 +- 0.003
1.608 +- 0.003
1.855 +- 0.004
2.098 +- 0.002
2.234 +- 0.002
2.327 +- 0.002
2.397 +- 0.002
2.472 +- 0.002
2.959 +- 0.002
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Comparison between ConEXxc (BesEvtGen-00-03-18) and Phokhara (v9.1) (Born+NLO)

B F T LENLENL N B L ]
2 08F ottty E
& E e o - E
;,-:‘ 0.7F - -
&= E - ]
@ 0.6F E
E - E=2.0 GeV - 3

05F -
04F 3
03:_ —— ConExc E
0.25_-- —=— Phokhara "'_
0.1f 3
0.0E R T B
-1. -0.5 0.0 0.5 +1.I
cosO of pine’e’

2 0.8F L I
§ 07fF weeFTeITTEER e F e, ]
E o6fF - =+ 3
0.5F E
04F 3
().35_ —— ConExc =
o2k —+— Phokhara =
0.1E =
bt
-1. -0.5 0.0 0.5 +1.0
cosO of pine’e’

> T T T 3

9 3

5 06F ottt i, _:

R .

S 03k 3

S F conexc 3

04F =

£ Phokhara 3

03F 3

b Ecm=2.396 GeV :

01 =

00: PRI T T T T ST S N T ST TR N N S S .:

-10 03 00 035 10

COSB:

efficiency

efficiency

Efficiency

F L LA AL AL LN AL BB
0.8F et ot g E
F - g ]
07F # -
0.6F 3
E E=2.05 GeV E
05F -
04F E
03 s —s— ConExc +
0A2 3 —— Phokhara 3
0.0 Fory N P P B =

-1.0 -0.5 0.0 0.5 +1.0
cosbof pine’e’
LB LI B B R B A B R A
0.7 ;— O bbb b o PR
0.6F = b
o E=2.2 GeV E
0.5 E e
0.3 E— —+— ConExc —
0.2 f_ —— Phokhara E
015 -+
P v ——
-1.0 -0.5 0.0 0.5 +1.
cosbof pine’e’
LA L L R L N ]
B T ]
05 % -
wE  conexc E
i Phokhara ]
0.3 ]
02F ~ =
oif Ecm =2.6444 GeV -

o
1 L 1
-10 05 0.0 05 1.0

5} F ]
£ 08F P E
S o7k FT Trey ]
= E E
© oo E=2.1 GeV E
o =2. e
osE" * 3
04F 3
03 f— —— ConExc E
02 E_ —+— Phokhara E
0.0 Sl A R B BN
1.0 -0.5 0.0 0.5 B
cosO of pine’e’
2 F LI B L
E 07 setteTestortrocs 7
£ 0.6F = -]
0S¢ E
04f 3
03 f— —+— ConExc —
02F —+— Phokhara 3
015 -
0Ob b
-1. -0.5 0.0 0.5 +1.I
cosO of pine’e’
» I L B L
2 r et T, ]
2 0SF 7 RPN
= ]
g conexc ;
' Phokhara ]
03 -
02F = == ]
| Ecm=2.6464 GeV
- g
L 1 1

1N

with the same inpu’a consiste

_ng

2 | T | 3 2 08F L
8F e = E RPN & s — e E
-§ 08' o3 hans Z o7 == - -, 3
S 07F F E = E E
= =
g E T 06F -
b T [rmme]  F] T e 5
0S5F E E E
04F E 0-45_ E
0.3 E —— ConExc 3 0.3F —— ConExc E
0.2 E_ —+— Phokhara _: 0.2 ;_ —+— Phokhara __
0.1 3 0.1f 3
- -3 e . ) . g
2 S 0.0E o
-1.0 -0.5 0.0 0.5 1.0 -1. -0.5 0.0 05 1.0
cosO of p in e'e cosO of pin e’e
ZOIF T T T T o) 0.7: L L R R B R B R
§ 065— h = 3 B A e o s S
< L 1 L
= F E=2.3094 GeV * ] & E* -
h) os5E E = osF =
Tk - conexc E
04F 3 3 E
: ; 3 Phokhara E
03:_ —— ConExc E é é
02F —+— Phokhara E 035- Ecm = 23864 Gev E
E ] 01k -
0.1 - r 3
F ] 0_0' 1 1 1 -
0.0 P -10 -05 00 05 10
-1.0 -0.5 0.0 0.5 1.( 9CM
cosB of p in e'¢ cosf;
2 0-455 A B B B 0'455 ! ! ! E
£ 0.40F BN S 3 o4f E
= E L+ —-_— 3 E E
03 T T ] 0.35F e E
E E nE —_— e, E
030 conexc E 0.30F = T 3
025F Ph 3 025F -+ ~_ 3
: okhara ] e = 3
0.20F 3 020  CONexc 3
O15E _ 1 °BF  Phokhara E
of ECmM =2.9 GeV 1 olofp =
0.05F = oosE Ecm = 3.08 GeV
U‘UQ:’" . n'_' L L 1 3 000:_- PRI RIS R T SR R R .=.E
Lo -1.0 -0.5 0.0 0.5 1.0

nt efficiencies

are obta"inn ed'.

cosO of pin e'e

17



Compariso

[~ E T T 3
£ E E
£ 0.9F :
0.8F E
07F 3
3
E E=2.0 GeV E
05F E
0.4 g_ —— ConExc _
03F —+— Phokhara E
02F E
0.1F E
0.0 E v ey
-1.0 -0.5 0.0 0.5 1

fISR

cosP of p in e

1.0 W:t‘—.—-ﬂ-w-t
08F .
o6r E=2.175 GeV E
04 —+— ConExc ]
[ —— Phokhara
02 b
Y S S T
-1.0 -0.5 0.0 0.5 1.0
cosb of p in e'e’
L4 L B B
12 ;+¢+4HI+H**3—¢+¢4¢4;
1L0F ]
08 Cconexc .
wE  Phokhara 3
04 .
F E=2.396GeV |
0_0: PP R TS RS
-1.0 -0.5 0.0 0.5 1.0

n between ConExc (BesevtGen-00-03-18) and Phokhara (v9.1) (Born+NLO)

B e
&£ 1.0 ]
0.8 - -1
0.6F .
B E=2.05 GeV ]
04 :— —— ConExc —
r —+— Phokhara
0.2 -
0.0 . .. v vy vy
-1.0 -0.5 0.0 0.5 1.0

fISR

fISR

cosP of p in e

e T
0 i_':-o-‘-l-—" RAdRdR A ahdn i atde oS Sy
o8| .
061 E=2.2 GeV ]
- —— ConExc
0.4 -
L —+— Phokhara
02F .
0.0 F . P BT BRI B E
-1.0 -0.5 0.0 0.5 1.C
cosP of p in e
WE T T T
18F =
O e o
L4F —aa e 3
12F =
10 CcoONnexXc 3
3F Phokhara 3
0.6F 3
up E=2.6464 GeV
02F =
E | | ]
-1.0 -0.5 0.0 0.5 1.0

m L L L L L L L
R oo oot
08| .
0.6 ]
. E=2.1 GeV ]
04k —— ConExc .
r —+— Phokhara
0.2 N -
0.0 [, N T S B
-1.0 -0.5 0.0 0.5 1.
cos0 of p in e*e”
L L A ]
3:} 1.2 ]
= -’#*WQM_._H
1.0 ]
0.8F 3
oo E
L —— COnEXc
a —+— Phokhara
02fF 3
0.0 i . A M M B
1.0 -0.5 0.0 0.5 1.0
cosP of p in e
¥ 20F T T T 3
% 18F -
1650, ]
E -, . -
14 e RGeS e SR 3
12 :
10F conexc E
08F Phokhara E
0.6F -
04 [l — 3
: E=2.6444 GeV
’ E 1 1 L E
-1.0 -0.5 0.0 0.5 1.0
N £

fISR

= R B T T T T 1]
N et s o NSO SNL o,
osf .
0.4 —+— ConExc ;
—— Phokhara ]
0.2 - —
0o
1.0 -0.5 0.0 0.5 L10
cosO of pine’e’
= N UL L T T ]
=2 I 1
- - .
E 1.2 E._:.—_._-Q*"F.__.- ﬂ#ﬂ' A
1Lof .
08F =
o6
0.4 :_ —»— Phokhara E
02F 3
0.0: L L e
1.0 -0.5 0.0 0.5 L10
cosO of pine’e’
[T T T T T ]
258 =
C o - ]
- =]
=y ¢W 7
LsF conexc ]
E Phokhara E
st E=2.9 GeV .
0_0: MR RS RS ST R
-1.0 -0.5 0.0 0.5 1.0
Le'e

with the same input, consistent (A1A+8) obtained.

oz F T T T
Z 1ofer o]
0.8 .
oer E=2.15 GeV E
0_4'_ —— ConExc ]
5 —+— Phokhara ]
0.2 -
OAO: PP B R B
-1.0 0.5 0.0 0.5 1.0
cosP of p in e
¢ l4F T T . 3
% 1.2 :—3__—:_—‘&"'-'-"'_’:“ - T,
1.05— ]
08k conexc 3
sk Phokhara E
04F
- E=2.3864 GeV
02
) S S
-10 05 0.0 05 1.0
cos of p in ete-
4-5: UL L B L BN AL B
B+ —+]
40F E
35E + 3
30 3
25E T e et
20F 3
: conexc E
ot Phokhara E
ost E=3.08 GeV E
i TR T TR NN AT TN TN TN T AN TN TR TN TN NN TN SO W |
%% 0.5 0.0 03 1.0

cosfof pine’e

18



exfISR

Com

paris

g T T T
wn 0.7F -
= F *:3'—" 3 3:_,_
= 06'_ -
w 0.6F -
g E=2.0 GeV|
0.5 E - - ]
04F 3
OASE— —— ConExc E
02F = —+— Phokhara Rl
01F 3
OAO E PR T T T T I T S S R N S S -b:
-1.0 -0.5 0.0 0.5 1.1
cosO of p in e*e”
F L DL AL B AL B R
Z osf g E
= 0.7 = PO e = o e ]
& ]
0.6F™ + 7
0.5 E
04F 3
OABE— —+— ConExc E
025_ —— Phokhara E
01F =
oot
-1.0 -0.5 0.0 0.5 . 1.0
cosbof pine’e’
08F T T T =
E =o=o——_3:-°-=3=-0-'-._° ¢ ]
07 & T, =
F—e =+ 3
06F =
0.5 E=2.396 GeV 1
04E Conexc E
03F =
: phokhara
0.2:— =
01 é.-u 1 | IR PR | PR 1 L | - L L :’%
-1.0 -0.5 0.0 0.5 1

cosO of p in ete-

exfISR

& FEm E
E 0.7F **fr":"_m Fos =
b E* +=
YoeF E
£ E=2.05 GeV ]
0.5F E
04F 3
0.3 E— - —— ConExc g —
o2 E —— Phokhara 3
01 E
0 0 ;‘1 PR S S TR TR EN S SR TR TR S S T .'.:
1.0 -0.5 0.0 0.5 1.0
cosO of p in e'e
- 3 T
% 0.8 g :
x 0.7F = * -
Yo e
B E=22 GeV :
05F =
0.3 F —— ConExc =
02 E —+— Phokhara :
0.1k -
0.0 E. e
-1.0 -0.5 0.0 0.5 +1
cosOof pine’e’
E — T T T T T T T T T T3]
0.8F —, " - -
F === b~ %+ ]
0.7F - =
E E=2.6444GeV 3
04F Conexc 3
03~ -
3 phokhara E
02 E
0.1 =
OOE 1 1 1 E
-1.0 -0.5 0.0 0.5 1.

cosb of p in e+e-

exfISR

ex fISR

ex fISR

08F ' L N BN

F -m...*"‘*‘-o—o-*t#k E
0.7 b an Sl ha =
0.6F E—2.1 GaV -

E =2. e 3
0sF™ -
04F 3
OA3 E_ —— ConExc -
02 E —+— Phokhara E
0.1F 3
0.0 E*, A B B B ™

1.0 -0.5 0.0 0.5 1.0
cosB of p in e'e’
osE — 3
07fF ¥ ]

F - - ]
0.6F =
0.5 E =
0.4F 3
0.3 E_ —— ConExc 3
o2 E —+— Phokhara E
01 4
0.0 E e

-1.0 -0.5 0.0 0.5 +1.
cosbOof pine’e”

3 L B L
08F — e 3
07 E i an S e SE-aT S 3
0.6F 3
0.5F E= 2.6464 GeV 3
04F Conexc E
03 = 3
ook phokhara E
0.1 f= -
00 E 1 1 1 E

~1.0 -0.5 0.0 0.5 1.

cosO of p in e+e-

0

:ﬂ 0 8 — L L .
n er ]
- E e o ]
Sorp T E Freesr ]
w F
0.6F E
- -3
0S¢ E
04F =
0.3 ;_ —— ConExc E
oo _ —s— Phokhara E
=
OAO C . PR I S T T I T S R R N T SR T
-1.0 -0.5 0.0 0.5 1.0
cosB of p in e’e’
ﬁﬂ F T T T ] z
% 0.8 E_ *W*%# _E b
= 4 =
X 0.7F =
w F e Bl X
0.6F 1Y
0.5 E -
04F 3
0.3 E— —— ConExc _
o E_ —+— Phokhara _
0.1f -
OAO E 1 PR [T S TR T I T S SR S N S R T E
-1.0 -0.5 0.0 0.5 1.(
cosP of p in e
109 o 1 1 1 E
Z0.8F 3
0.7 ~ -~
0.6F 3
sE  E=2.9GeV E
04F Conexc 3
03£=  phokhara =
02F 3
01f- .
0.0 E_ N I P B
10 ns 0o ns 10

with the same input, consistent €(1+0) obtained.

on between ConExc (BesEvtGen-00-03-18) and Phokhara (v9.1) (Born+NLO)

& O8F T T T T T T
B g b et 3
> E ]
w F 7
0.6F - 7
E E=2.15 GeV ]
ook ;
04f 3
03E —e— ConExc 3
02 _ —— Phokhara E
0.1F =
E, -3
0.0'n PEREET I N T T T T I T T R SR N S T
21 0.5 0.0 0.5 1.0
cosO of p in e'e”
[]_};_— T T T =
wE * e - 3
3 E =2.3864 GeV 1
05F 3
3 Conexc 3
i phokhara E
02f 3
0.1 fo , ) . -
10 05 00 05 10
cosO of p in ete-
X S SR P LI
£ F gt Ry ]
Fop * - + 3
0.6E 3
st E=3.08GeV 1
0.42— Conexc —
03~ phokhara ~ 3
02F 3
0.1F -
E PR T S T TR N TN TR TR T N T T N
-1.0 -0.5 0.0 0.5 1.0

cosBofpine’e

19



Summary:
* The current version of ConExc has ~1% difference with PHOKHARA.
* ConExc and PHOKHARA can be very similar, like v-00-03-18.

Outlook:
 To understand the difference between ConExc and PHOKHARA.

 To understand the difference between ConEXxc (BesEvtGen-00-03-18) and
ConEXc (BesEvtGen-00-03-69) .



Thank youl!



