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* Nucleon form factors by pp—>ete-.

* Two problems in analysis:
» Bremsstrahlung photons in the detector’s material:
» Radiation from the vertex.

» Effect of the Bremsstrahlung correction method on
the radiative correction.

e Method for the radiative correction.
e Conclusions
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Nucleon form factors

O The nucleon electromagneticinternal structure is characterized

by two form-factors :G¢(qg?) (electric), G,(g?) (magnetic)

e e Time-Like
) g>>0
Space-like P
2 ¥
<0
q GI\/I(O) = Hp >\/’Y\*/\
0 0 Gg(0) =1 p e
Form factors are real Form factors are complex for q? > 4m ?

Physical region for g* > 4m,?

3 Angular distributions: pp = e*e

do

d(cos 0, )

:
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2 2
r@ (1 + cos ZHCM )+ sin ZHCM}

A.Zichichi et al., Nuovo Cimento 24 (1962) 170
Egle Tomasi-Gustafsson et al., EPJA24 (2005) 419



‘diPN Problems in the analysis of pp—=ete-
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» Radiation at the vertex (pp—=2e*ey): changes the
distributions of the cross section, correction can
be calculated, but depends on maximum E, in
the selected events.

* High energy Bremsstrahlung photons emitted
by e+/e- traversing detector material: bad
electron momentum resolution.

* Background rejection (', m'nn®, eten’): Very
strict PID and kinematic cuts .

» Strong dependence on electron resolution.
» Will affect efficiency and radiative correction.



Bremsstrahlung photons in the detectors
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Electron momentum resolution

ORSAY R = (Pmc-Pe)/Puc
i P,(GeV/c) o(%) from Evts inside
3000
: M Gaussian fit
2500 0.5Barrel 1.5 55.6
so000l- P, = 1GeV/c
: Barrel region: 9=[30°,120°] 1 Barrel 1.8 58.9
19001 @=[0°,360°] 2 Barrel 2.4 61.0 !\leeds to be
ook improved
: 0.5 FW 1.9 46.6
5°°J 1 FW 2.1 46.3
9709z o4 06 o5 R 2 FW 2.4 45.6
ZOOOE— |
1800? Pt: transverse momentum
1600|—
1400k P, = 1GeV/c
1200 FW region: 9=[10°,23°]
1000} ®=[0°,360°]
800; Large tail in e reconstructed
800 momentum distribution,
‘2‘2‘; # Peak shifted towards positive values.
e ‘R1
26/06/2013 6
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e Handle the problem event by event and
use the y energy from EMC A
*The reconstructed momentum :
Prec =Poy: (MOmMentum of the electron before!
the DIRC) :

e [f ayis emitted before the DIRC:
Pout=Pmc-E, (v is emitted in the same

direction as e)

eSearching the associated Bremsstrahlung
ys in the EMC.(ZE,)

eCalculate: p,,, = p,.. + 2E

Pmc

»Most y emitted close to target (MVD)
»The track is mostly defined by STT hits
(MVD 4 to 6 points, STT 24 to 26 points)

>Pr(—.‘C:':;POU'C




iIPN Test for electromagnetic channels
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pp=> J/¥n0> eted

Comparison of invariant mass of e*e-

h minvar_cor
- - | Entries 7923
S : : : : | Mean 28%
WE CLRMS  07om
o s=12.25GeV? -
®WE [ ; o
- | w/o correction:
b | Withicorrection
G/ | T
= Mw(3.096Gev(c?)
L] sl : : : : : ; :
I T T w
4.‘...:1“'."..2..;‘..‘&.!45!“&.&“ e YIS : ,

0 05 i 7 25 3 35 4 45
M, (e*e’)(GeV/c?)

Improvement of number of events
inside 20: 38.4%—2>61.0%

(=

pp~> ete
Comparison of invariant mass of e*e"

1200

N s=8.21 GeV?
1000
800:— w/o correction

- | With correction
600

_ Threshold for
40— in

- production
200~ 2.73 GeV/c?

0

05 1 15 2 25 3 35 4 45
M. (e*e’)(GeV/c?)

Improvement of number of events
inside the cut : 51%—>87%



Radiation from the vertex



IPN Radiative corrections for pp - e*e
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>W\9\A< >“/\(3< >WV< Virtual photon contributions

(©
Real photon contributions

T T e
(d) (e) 0 A.l.LAhmadov et al Phys.Rev.D82 094016(2010)

JVan de Wiele et S Ong, Eur.Phys.J. A49 (2013) 18
>\J{\/\/\/< >\,ﬁ\,"\/ﬁ \;’{\\;% >/\\}(\/\J\/<ﬂ).
|""‘--_I|
(q) (h) (i)

Relation between real cross section and Born cross section:

max
E 5

( do w ( do ] coft ’ d o
E— = | ——— (1+5 (a)))+ I dE dQ
\d cos 0 ), \d cos 0 ), . dEdedee

+

soft photon correction hard photon correction

10



INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

IPN £ and cos(8,,,) distribution

pp—~2>etey

T=25GCeV E, =5MeV

15"' L B LR B T T T

10_1j =15 deg

2
=
];t o Radiation only from leptons |

% - . Radiation from both leptons and hadrons
k \ : Shape does not
=

depend on E,

10 |
85%  15% SN
-7 I I T T i S —
07005 01 015 02 025 03 035 04 y o 28% o
Ev =50 MeV E, (GeV) 10 08060402 —0 02 04 08 08 1

coS(fe+-)
Photon energy and opening angle distributions very peaked, contributions of
high energy photons or non collinear photons are small but not negligible
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0.175 |

0.15

0.125

0.1 L

pp—2etey

Topar = 5 GeV

E, < 100 MeV

| | 1 |

Angular distribution

Born cross section

No radiation from hadrons
With radiation from both
leptons and hadrons

—40% but depends on E, cut

-1 —0.8 —0.6 —0.4 —0.2

[P P PR B B
-0 0.2 0.4 0.6 0.8 1

cosf,,

Asymmetry in the angular
distribution due to interference
between radiation from hadrons
and from leptons

12



dIPN Generator
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Generated spectra and Model
Tp=2.5 GeV Tp=2.5 GeV Theta_e+ = 15deg. { E_gamma > 2MeV)
% _10 E |
s 38— | ) .
g L\ 2
- L '.‘ 10 H
| 36— H
E T i
2 E, <100MeV i
3.2:— L
3;_ 10° H
2.3:— E
:1 05 0 05 1 _...|...|...|...|-._..‘.
Cos(Theta_e+) 0 0.02 0.04 0.06 0.08 01
E_gamma (GeV)
Tp=2.5 GeV Theta_e+ =15deg. E_gamma =5 MeV
E I
gmﬂg—
10’2;—
0 Model by: J.Van de Wiele et 5.0ng,
i Eur.Phys.J). A49 (2013) 18
10 =
10757 . SK%THWV L ﬁrra/\aﬁ“/f.‘u/dz \ 13

-1 -0.5 0 0.5 1
Cos(Theta_gamma)



Effect of the Bremsstrahlung correction
method for the radiatve correction
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Two reactions
— pp—2>etey
— pp—2>ete
20000 events for each reaction

Topar = 2.5GeV, 8,,M =40", E, <

500MeV

Compare the result with and
w/o using the Bremsstrahlung
correction method

Simulation steps

Analysis cuts:
Total e*/e” PID > 90%
PID from each detectors >5%

Nb. of fired crystals in  >5
the EMC

8+ + 07)[CM]
dT — 7|

Invariant mass

[178°-182°]
[178°-182°]
> 2.72GeV

1

I\/|e+e- > \/S_MKO

15
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Distribution of Monte-Carlo photon energy(CM)

Counts

From simulation
After all the cuts

10°

10?

10

HWHHMHH ...

0 005 01 015 02 3 035 045 05
E(GeV)

analysis cuts-> smooth cut on the energy of the vertex photon

16



'diPN Effect of photon emission from the vertex
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T=2.5GeV, 8,,™M =40", E, < 500MeV

pp—~e*ey and pp—2ete

600[—
- Analysis cuts:
500 — + /e
- Total e*/e” PID > 90%
400 u PID from each detectors >5% 20000 evts generated w/o
e . . photon emission
— Nb. of fired crystals in =~ >5 20000 evts generated With
300 — the EMC photon emission
— (6T +67)[CM] [178°-182°]
200 — o" — ¢~ | [178°-182°]
- Invariant mass > 2.72GeV
100—
0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 IL 1 1 1 1 | 1 1 1 1
0 0.5 1 3 3.5 4

M.,.. (GeV/c?)

With photon emission at the vertex, efficiency is lower by a factor 0.83
Much larger efficiency loss by Bremsstrahlung in the detectors (¥40% evts in the tails) =,



‘di PN Effect of photon emission from the vertex after using

A the Bremsstrahlung correction method
pp—~etey and pp2>ete
1000 —
B Total PID > 90%
800_— PID; >5%
- Nb. of fired crystals in >5 I]‘
- the EMC
600 — (6T +67)[CM] [178°-182°]
B b — 7| [178°-182°]
400__ Invariant mass /s > 2.72GeV
200 [ | 20000 evts generated w/o photon emission
— 20000 evts generated with photon emission
O|—||||||||||||||||||JL|JJM11L1||L|AI||
0 0.5 1 1.5 2 2.5 3 3.5 4
M.,. (GeV/c)

Gain of efficiency with the Bremsstrahlung correction method.
The loss of efficiency due to photon emission at vertex is slightly lower (0.1
instead of 0.17) 18



Method for radiative corrections
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s Principle of the method

* Signal events include radiation from the vertex.

* Correction of the data (E, ,,=300MeV): with an efficiency correction
deduced from PANDARoot simulations taking into account emission of the
photons up to E,, and analysis cuts.

( dN )
( ik W (pp—>eey)= %7
{dcos 0 ), £()

e Calculate the remaining radiative correction 6 to retrieve the Born
distribution using the model (event generator).

( dN ) — L
(pp —> e e y)
( dN ) — - \dcos @ ),
(pp —> e e )=
\dcos @ ), 1+5)

* Fit the Born distribution by the angular distribution function of G and G,,.

2
2
(L+cos 6, )+

2

do
e G. |sin’o

b 1
d(cos @, ) e J

20



‘J‘PN Calculation of the efficiency

ORSAY
10° events, E,<300MeV
G, G, fitted to BABAR data (R=|G¢|/|G,,|~1)
E(CUtS' Emax’ e)=Nselected(e)/NMC(e)
&\; 0_35§_ w/.o Bremsstrahlung correcti(?n
Q - With Eﬁremsstrahlung correction
o 03 U]JUI"
L -
© 025 :
= Combined effects of vertex
0'25_ photon emission up to E, =
015 300 MeV (10%) and
0.1 | 012p=22" e reconstruction efficiency and
- Intersection between Barrel :
- analysis cuts (90%).
0.05:— and FEW Yy ( 0)
0; N R R RN R B SR AR R I

08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1
cosoO

With using the Bremsstrahlung correction method, efficiency
increases by a factor 1.3.

21
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(1+6)

f 1.04
1.02

1
0.98
0.96
0.94
0.92
0.9
0.88

E_ =300 MeV

v b b by ce b P by Iy
-1 -08 -06 -04 -02 0 02 04 06 08 1

cosO

(—iti—;) =(—J21—JW(1+5)

\d cos & ), \dcos & ),

radiative and global correction factor

F=£*(1+6)
5 I
S -
8 0.3:
c B
0 0.25
0 -
o n
3 02—
o B
0.15
0.1
0.05
O:I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1 08 06 04 02 0 02 04 06 08 1
coso
LA
( do w  d cos Hjexp
\dcos 0 ), . B F

22
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Counts
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i 10° events, E <300MeV
I G, G, fitted to BABAR data
4000—
3500__ Born distribution deduced from
i correction of the simulation events
- Fitting function
3000
: | | | | i | | | |
1

coso

Consistency check of the method.
The value of R parameter from the fitting function: 1.19

23



'diPN Test of the method over other FFs model
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Counts

5*10% event, E <300MeV
The FFs model: R=3

1500

1000
Born distribution deduced from

\ correction of the simulation events
Fitting function

L T | L pa v bvv v by v by
4 08 -06 -04 02 0 02 04 06 08 1
cosH

The value of R parameter from the fitting function: 2.95
The Born distribution can be retrieved.
To be checked with higher statistic.

24
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Time-Like proton form factors study by pp—=2>e‘e.

With the Bremsstrahlung correction method, the global
efficiency of signal selection is strongly increased.

With applying the correction factor which combines
the radiative correction and the detection efficiency,
the Born cross section can be well retrieved.
To do list:

» More statistic is needed to check the method.

» Stability with respect to analysis cuts.

» Errors on G; and G,, extraction.
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Electron momentum resolution

ORSAY R = (Pmc-Pe)/Puc
i P,(GeV/c) o(%) from Evts inside
3000~
i M Gaussian fit
00 0.5Barrel 1.5 55.6
2000l P, = 1GeV/c
- Barrel region: 3=[30°,120°] 1 Barrel 1.8 58.9
5001 ¢=[0°,360°] 2 Barrel 2.4 61.0 !\leeds todbe
- improve
o 0.5 FW 1.9 46.6
"’°°J 1 FW 2.1 46.3
9709z o4 06 o5 R 2 EW 2.4 45.6
ZOOOE— |
1800? Pt: transverse momentum Electron angular resolution
1600|—
ool P, = 1GeV/c o
1200 FW region: 5=[10°,23°) gﬁ?ftl-%dggde No problem f
1000; (P=[0°'360°] zo—. . : Fi a:gtjgr e
800 Large tail in e” reconstructed 20- reconstruction
s00F momentum distribution, 15E
:zz H Peak shifted towards positive values. ] MM
[ 5:_
R T ‘é V55403702 0100 0% (ch?ér(l))s
eg

26/06/2013
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‘di F N e- momentum reconstruction with y emission
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E——-—~-\.\ ;‘ The position of gamma emission
; TN 4500 -
N -
~\\‘ 4000
E =
L =k MVD 79%
Pmc \‘ 2500 % STT 21%
\‘ 2000%»
— . \ 1500
: . o \ 1000} Barrel
Pout 500
| ot EL 20 25 30 35 30 735
| \. \ woor r(&m)
s000f-MVD 68%
zsoo]- STT 22% GEM 10%
Entries e 100000 | 2000 f— m
Mean -0.005833 =
| RMS 10.02737 | 1500 ;
C o\ . 1000%
1200 / \ The program existant -
1000 — [ (Kalman Filter) 500 J ‘ ‘
800% | \ reconstructs the T — ) ) T T B P R T ‘1éo‘z(cm)
600 momentum after .
= \ o ) v »Most y emitted close to target(MVD)
w0 emission with a good >Th Ki Iv defined by STT hi
s \ | resolution e track Is mostly aefined by Its
%‘— L N r——— (MVD 4 to 6 points, STT 24 to 26 points)
-0.2 0 0.05 0.1 0.15 0.2
>PFECzPOUt

26/06/2013 29
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e —— Looking for the Bremsstrahlung y in EMC
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e (Case one: the clusters or bumps of e and y can be well
distinguished.

____________ - @  Photon bump
P.=1GeV/c

AX=6 crystals

. Electron bump

Pt=ZGevm‘ AX=3 crystals

shape analysis of the electron bump

* For an electron track both cases are considered in parallel.

26/06/2013 30



d‘PN Bremsstrahlung y selection algorithm for

ICP;SIT!IEJ;DYE PHYSIQUE NUCLEAIRE Se pa rated e-/v b u m pS
—> Look for a photon bump in EMC:
(a neutral candidate) A
—> Selection of photons emitted before DIRC : e ~. photonbump
Using A6 and A: ;

tracking

Cuts: |AB| < 2°
-1°< A < 2arcsin(0.12/P,). barrel
-1°< A < (1.2/P)tand. forward

Maximum e deviation angle

26/06/2013 31
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* Sum of energy deposits in crystals at a given .

y selection algorithm for merged e-/y bumps

S 14=
¢ f
212
3
5 1
e T
s
0.8

0.6

v photon _
0.2
0_ L P L

h1

Entries
Mean
RMS

electron

24
46.98
2.582

26/06/2013
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ORSAY y selection algorithm for merged e*/y bumps

Looking for a (p-bump:
* Scan the bins of the energy deposit

spectrum three by three, each bin i
receives a code depending on N, ,,

Nil Ni+1'

* (@-bumps are defined between
two valleys (code =-2).

* The @-bump at the right edge is
considered as e. The other -

bumps are considered as
photons.

* The split electron ¢-bumps are
also considered.

* Pcorr = Prect ZEy(i)

-
i N
T

energy deposit (GeV)
—
— N
T 1T T

o
=)
[T

Q
[=2)
TTT T

o
'

26/06/2013 33



Integrated cross section

T= 2.5 GeV

1-1_""I""I rrrrrrTrTrTrTrTT T T T T T T T T

—
I

© = 15 deq. _'

o

L

T T T 1T
|
|
]

[ ]

[a 1]

T I T T
\ \

Int(d’c) /d*Ceem

1/ Radiation only from leptons
0.6 |-/ Radiation from{both leptons

.' and hadrons |

0.5

0.4

I B S BTN B I B
0.5 4] 005 01 045 0.2 025 03 035 0.4

E, (GeV)




¢ distribution

T=25GeV E, =5 MeV T=25GeV E, =5 MeV

0.058 ——— T 0.058 ——— T
0.057; ] 0.057 - N
o S]

o 0

o 1 ©

0.056; E)=15deg. x= 0.999995 ] 0.056 E)=15deg. x= —0.999995 .

0.055 - b 0.085 - B

] Radiation only from leptons
’ ’ Radiation from both leptons

0.053 - . 0.053 - .
0.052 ] 5‘0 160 15‘0 20‘0 ZéO 360 330 0.052 o] 5‘0 160 1%0 2(‘)0 2‘50 360 31_.‘!:_0
@ @
—2 _ _ =3 _ _ _4
x10 T=2.5GeV E, =5 MeV x10 T=2.5GeV E, =5 MeV x 10 T=25GCeV E, =5 MeV
032 7T 0.32 F— T T T T T T T T 0.35 ; ; ; ; . .
I © = 15 deg. x= 0.99905 ] L A
I - T st | 1 omf \ 0 =15deg. x=0.9905 /_'
[ = eq. X= U, - - r ]
031 9 o s \ /]
L © ] 0.33 |- \ / 8
© 03| § \ /
03 g 4 0.32 |- / ]
T - ) — ] [ \\ ;‘"

= — 0.29 |- B r \ / 1
— ] 0.31 - \ / 4
0.29 [ 1 o 1 i \ / ]
4 r \‘ ’ﬂ E
0.28 |- 1 03 ]
028 8 ] 029 [ \ / .
r 0.27 | B [ \ / ]
L 1 028 [ \u ]

027 - . 06 L 1
] 0.27 - _
P RIS IR EPUUE N EPREPI R B R S B S I B B B P R I S R S A
026 " "'50 Yoo 150 200 250 300 350 025550 "To0 150 200 250 300 350 028 ;50" 100 150 200 250 300 350

@ @ @



cos(0._,. ) distribution after generator

ety

Tp=2.5 GeV Theta_e+ =15deg. E_gamma =5 MeV

d4 Sigma

102
10°

10

-1 -0.5 0 0.5 1
Cos(Theta_gamma)




¢ distribution after generator

Tp=2.5 GeY Theta_e+=15deg. E_gamma =5 MeV x=0.99905 Tp=2.5GeV Theta_e+=15deq. E_gamma =5 MeV x=0.9905
10 x10°
I 35
] - LT - ~
E B E 34
B 305— =2
o . 5 C
uwy (V) —
E=] I~ = 33_
03 || 32
- M=
0.295— -
B 30—
C AN 28—
Ij.285_IIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIlIII :IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIlIII
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

Phi_gamma Phi_gamma



ﬂPN Correction factor
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* Angular distribution of the efficiency € after the cuts.
> Simulation of 10° event with Jacque’s generator and E,<300MeV. (N
» The FFs model: fitting of the Babar’s data.

» Using PID and Kinematic cut to select the signal. (N
> EsteIected/ch

mc)

selected)

* Angular distribution of rapport between the Born cross

section and the real cross section(1+9)
» Obtained from the model [ 7| -[-""—1] a.0)

d cos 6 ), (dcos @ ),

e Correction factor F=e*(1+0).

The Born differential cross section can be given by
[ ]

( do W _\dcos 0 ) oo

\dcos 0 )., F



