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Part I : Introduction



Why measuring time-like e.m. form factors?

# Hadronic e.m. form factors are fundamental hadron structure observables.
At low Q? : charge distribution and magnetization

At higher Q? : valence quark distribution

# Why time-like (TL) form factor (FF) studies?

— To test pQCD spanding the Q* kinematical domain up to soft-hard scattering transition region
(10 — 15 (GeV/c)?)

— To test synergy between space-like (scattering) and time-like (annihilation) processes:

= FFs in TL and SL have to coincide for large Q?

=) Why are TL FFs a factor 2 larger than the corresponding SL FFs in intermediate
momentum transfer range (up to 10 (GeV/c)?)?
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Initial State Radiation (ISR)

[S.Binner,].H.Klihn,K.Melnikov,Phys.Lett.B.459,279(1999)]

A way to get the hadronic cross section o(ete - pp) vs Q? at a fixed energy collider for
different m the Radiative Return (ISR)

p, N, A 2
s- 0

E, -  AsT M

T o ds :

s'=m* = s — 2y/sE,

do T2 .
- ; T|Gar[f (1 + cos® Timelike FF can be
d(cos ) SiQIQTm[ ( ) )

5 separated though angular analysis
sin 9]
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ISR cross section

Y(SR)
24/ s

W {TE—I-E— _}f'(ﬁf)

Radiator function
(LO approach)

~7: [Plot by Ch. Zimmermann, Diplomarbeit, Mainz (2011)]
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BESIII vs BABAR Experiments
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Part II : Simulation Studies



Simulation studies

# BABAR: only tagged events possible due to high energy of photon leading to
back to back signatures wrt ppbar sytem
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MC generator used: PHOKHARA ver.7.0 (NLO+ISR, no FSR included )
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Geometrical Acceptance

Cuntagged ——7-€VEs with p,pbar in detector, y out ACC, et = #evts with p,pbar,y in detector
# evtsin LBABAR,BES for -\/SBABAR,BES # evtsin LBABAR,BES for -\/SBABAR,BES
S 0sf .
- 5 0%
g 07— -
Q F g 07
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MC generator used: PHOKHARA ver.7.0 (NLO+ISR, no FSR included ) e
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Observable Statistics (inside detector)

BES-III BABAR
Vs(GeV)) | 3.77 10.57
orsp.nro(nb) | 8.12 x 1073 0.7 x 1073
L(th=1) | 10 232
Ngen = L x o | 81261 176356
measurement | "untagged + tagged” "tagged”
geometry cuts (degrees) | 21.6 < 6, ; < 158.7 25.8 < Opp < 137.7
0 <6, <180 21.5 < 0,45 < 1375
.-\"'mpedeﬁ@% (34070 + 11553)> 10183
3 . > Babar
g“‘“““_ L. eteT = PPy « Bes3
% 8000:—
: GDDU:— Y -
4DDU:— e
zooof— H}{:} ++
e T2 i:mﬂ??ififw T

3.6 38
m,y GeVic

BABAR(®™ = ~2 x BES III

BESIII = ~4.5 x BABAR

MC generator used: PHOKHARA ver.7.0 (NLO+ISR, no FSR included )
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Angular Distribution- Resolution in FF Measurement

[H.Czyz,J.H.Klihn,E.Nowak,G.Rogrigo, Eur. Phys. J. C35, 527 (2004)]
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Resolution in FF Measurement: protons

How to estimate BESIII expected statistical resolution in FF measurement using 10fb-1 of psi(3770) data?

F((cosf, m)) Z—T : |G&I|? - Hyy(cosb, ﬂj) @ |€E|2 - Hg(cosb, ﬂj’a)

True signal MC with Normalized true MC Normalized true MC
GE=GM=F1 +F2 with GE = 0 with GM = 0
4 A
Tagged events : Untagged events :
6% global flat eff 30% global flat eff
_ o ] R — |GE| o Fl
Chi2 minimization: 2 parameters free FO and F1 > — |G| o fo
R 2'5: m  Babar 232fb data®
Fo Fy X’ R 2:— : ::f:;j:: "
1.877 < my, < 1.950 | 204+11 | 188+32 | 68.7 | 0.96 £0.17 F
1.950 < myy < 2.025 | 926 £32 | 1175491 | 59.6 | 1.13 +0.03 15 + t
2.025 < myy <21 | 1319 £39 | 1808 113 | 57.2 | 1.20 + 0.08 = ] _::%:
2.1 < myy < 2.2 1591 443 | 1836 + 121 | 43.6 | 1.07 £ 0.08 T %H‘
2.2 < myy < 2.4 206 +12 | 242+34 | 825 |1.08+0.16 oF l
2.4 < my, <30 080 +34 | 1081 +95 | 42.6 | 1.05+0.10 -
[T T NI T T RS T T NN T T SR MU\ P
1.8

0

Ll
2 2.2 24 26 2.8 3
GeVic?

o | | *[B. Aubert et al, Phys. Rev. D 73, 012005 (2006)] PP
Cristina Morales - Helmholtz Institute Mainz 9



Resolution in FF Measurement: neutrons

Neutron TL FF measured only by FENICE experiment at ADONE e+e- storage ring in Frascati.

Result based on 74 events for a total integrated luminosity of 0.4pb-1.

1 GeV/c*

_, [Antonelli et al.,, Nucl. Phys. B517 (1998)]
0 :
w8 ) efeT — nn
ral Gp =0
12
TP
08F \
06F
0.4F i
o2} ?
O 1sTTo BT 23 23 34 35
E(e.m.)(CeV)
Fy Fy X2 R
1877 < myn < 1.950 364 + 24 H84 £ 71 91.41 | 1.26 £0.18
1.950 < my,n < 2.025 | 1753 £51 1668 +143 | 54.77 | 0.98 = 0.09
2.025 < mpn <21 2007 £ 68 | 3430194 | 37.27 | 1.07 £0.07
21 < mpn < 2.2 4577 £ 82 | 4472 +231 | 48.8 | 0.99 £0.05
22 <y, <24 7990 £109 | 7851 £307 | 27.8 | 0.99 +=0.04
24 < my, < 3.0 11030 £ 128 | 11243 £361 | 78.7 | 1.01 £0.03
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Resolution in FF Measurement: lambdas

With 230 fb-1 BABAR collected very little statistics. Only two ratios measured ®:

Events / 0.07 GeVic?

Gp/Gn| =173

Gr/Gyp| =071

+0.99
—0.57

+0.66
—0.71

(2.23-2.40 GeV)/c?

(2.40-2.80 GeV)/c?

($)[B. Aubert et al., Phys. Rev. D 76, 092006 (2007)]
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Summary

# Hadronic form factors measurements in BESIII using ISR technique highly
competitive:

PROTON channel: factor 3 improvement in statistical resolution of FFs possible

NEUTRON channel: unprecedented statistics. Resolution in FFs comparable to proton

LAMBDA channel: finer measurement + factor 3 improvement in resolution of FFs

Thanks to: 1) high geometrical acceptance of BESIII detector
2) low energy of ISR photons in BESIII — tagged + untagged possible

# The high statistics and good luminosity measurements might allow BESIII
to measure |GE| and | GM| of nucleons separately
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Other BES-IIII talks at this DPG:

Mo, 14:00 HK 1.1 Marc Unverzagt

Mi, 14:00 HK 22.1 Bertram Kopf

Mi, 15:15 HK 22.5 W. Gradl, P. Weidenkaff
Fr, 11:45 HK 54.3 M. Leyhe

Thank you!
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First look at the data

Events per 20 MeWic?
(=
TTT T

BES III

I\4\II\4J5

150

Events/(20 MeV..-"'cz}

100

SG_

0

-I.l-ru'rl'hn_nﬂ _Ir'J-LH_h J|r|| nn.d n. e

Cristina Morales

3 4
M __(GeV/ch)
(Helmholtz Institute lf\]’:fainz)

- 2.9fb-1 data available at Vs = 3.77 GeV
- Only selected tagged events in this plot

- About 5 times more data should come
from untagged analysis

- With 10fb-1 we will improve BABAR stat.
resolution by 2 even if they consider their full stats.

- 232fb-1 data at Vs = 10.56 GeV
- Only tagged events possible
- About 2 times more data being analyzed.

Problem: 10fb-1 will take years — what about
a fast R-Scan from 2 — 3 GeV ?
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Proton TL FFs measurements

[BABAR Collaboration (B. Aubert et al.), Phys. Rev. D 73, 012005 (2006)]

# Previous measurements of R = |G,|/|G,,|

Real extraction from data

By (m)| = 1/ app(m) Jon (m)

2_5 T T T T T T T T T T T T T T ‘ T T T T

= i
i _ 2
Qm i ® BABAR B 47705260 5 Qmp
O - o PSI170 on(m) = —=|1° + —
— 2 B ] 3m2 m
B —— 1
e i 0.6 ——— ——
15 | % il ® BABAR -
1 € /| GE=GMassumed O EENICE 1
| g 3 o DM2
i Eo0al) %& A DMI |
l \T\— = & BES
Bl 1§ ke « PS170
i 1 2 TeMee e o E835
B 1 &2tk ’?@ ?ﬂ,% % E760
" %) 1 e g |
I ] L ++_._4}+—.—$—07"‘%?—0‘0—07_%
L S S s s s s
2 225 25 2.75 3 M, (GeV/c?)

2
M5 (GeV/c™)

Cristina Morales (Helmholtz Institute Mainz)



BES III Detector

SC magnet, 1T

Magnet yoke

X

RPC

TOF, 90ps

Be beam pipe

MDC, 120 mm
0.5% at 1 GeV/c

«le

S22 1,15 weight 730 ton,
: 2 ~40,000 readout chnls,
Data rate: 5kHz, 50Mb/s

CsI(TIl) calorimeter, 2.5% @ 1 GeV
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ISR Cross Sections. Produced Statistics

[E. A. Kuraev, V. V. Bytev, E. Tomasi-Gustafsson, arXiv:1103.4470v1(2011)]

ISR cross section:

- —[GeV™? ]
1o BESIII " BABAR
Vs = 3.773 GeV <0 Vs = 10.57 GeV
0.0030 | I
0.0025;— |
. Lx107¢
o.0015é— I
00010 5.x1077F
0.000SE—
IOfll — I0f2l ‘013‘ - I074I 0.5 I X I 0_‘2 T 014 I‘ X
BESIII BABAR
V5(GeV) | 3.77 10.57
orsr.No(nb) | 8.12 x 1072 0.7 x 1073 — ~ x 10 factor vs BABAR
L(fb=1) | 10 232 — ~ X 20 factor vs BABAR
Noen = L x o | 81261 176556 BABAR(™ = ~2 x BES III
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file:///find/hep-ph/1/au:+Kuraev_E/0/1/0/all/0/1
file:///find/hep-ph/1/au:+Bytev_V/0/1/0/all/0/1
file:///find/hep-ph/1/au:+Tomasi_Gustafsson_E/0/1/0/all/0/1

Angular Distribution - Resolution in FF Measurement
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Angular Distribution- Fit Results

If data sample generated with R = |GE|/|GM| =1 2'5; 5 Sabr
- s Psi7o

Fy Fy \ R 2:_
1877 < myy; < 1.950 | 539431 | 585475 | 51.6 | 1.04+0.15 s
1.950 < myy < 2.025 | 1705 4 56 | 1561 + 132 | 55.07 | 0.96 + 0.09 - 1
2,025 < my; < 2.1 | 2341465 | 2221 £153 | 424 | 0.97 +0.07 1= s
2.1 < myy < 2.2 2439 4+ 67 | 2807 4+ 161 | 50.1 | 1.07 +0.07 -
2.2 < my; < 2.4 2937 £ 73 | 2739 £ 173 | 37.4 | 0.97 £ 0.07 "t
2.4 < my; < 3.0 1608 4 54 | 1559 + 129 | 42.8 | 0.98 £ 0.09 oila N S N

3
my GeV/c?

| bin1 - 1.877 < m_<= 1.95 GeVic* |

[ bin2 1985 <m <=2025 GeVic” |

| bin 3 --2.025 < m_ <= 2.1 GeVic? |

Events

]
B MC GM=0,GE=F1+F2 'g‘ -E 200 B WC GM=0.GE=F1+F2
[T MIC GE=0,GM=F1+F2 B 2 [T MC GE=0,GM=F1¢F2
® Didia w ® Data
cosh
[ bina-21<m _<=22Gevic? |
= HC BU=0.6E-F1.72 [Bin6-24<m_<=3 GeVic |
MC GE=0,GM=F1+F2 AD C GM=0,GE=F1+F2
2 [ mic GE-0,GM-F1+F2
I.I% ® [ata

-1 0.8 06 04 02 0

0.z 04 0.6




Phokhara Generator ¢ ) +e () — N(a)+ N(g) + (k)

[H.Czyz,J.H.KGihn,E.Nowak,G.Rogrigo, Eur. Phys. J. C35, 527 (2004)]

GYy=FN+F, GYE=F"+71F
Form factors decomposed in isoscalar and isovectorial parts

S v S v
F12—F1,2‘|‘F152: Fi'o = FT o — Fy 5

Parametrization used FF. Iachello, A.D. Jackson, A. Lande, Phys. Lett. B 43, 191

with analytical continuation to TL region as in - lachello, nucl-th/0312074; talk at Workshop on ete™
in the 1-2 GeV range: Physics and Accelerator Prospects,

< Alghero, Sardinia (Italy), 10-13 September, 2003

S.J. Brodsky, C.E. Carlson, J.R. Hiller, D.S. Hwang, hep-

ph /0310277
2 T, = m + 8 ,my/m |
Ff — g(Q ) [(1 o [iu . ﬁqﬁ) o )8“) ) Tw . ﬁ@ ) T@} ? Q2_m/2)—|—(Q2 Am2)I,a(Q?)/m;
2 | | (QQ)—(l— 2)1/2 _1 (Lt vi—a” V1—a? _i
g(QQ) o = x —log .
FQS — 2 [(0-120 —I_ a(b) * Tw - @(fb * T(b:| ) and )
m
Tw ¢ — w0
9 Q- mfw
o _ 9(Q7) B
FlL — [(1 — )Bp) — ,8{) : Tp} s 9(Q%) = (1 —~elfQ2)2’
- o 2me
2 vz
FQU _ 9 (Q ) [_ 3.706 - T,O} 7 The values of the parameters (dimensionful quantities
9 in units of GeV) are 3, = 0.672, ﬁ =1.102, 3, = 0.112,

me = 1.019, m, = 0.765, m, = 0.784, oy = —0.052,
I',=0.112, v = 0.25. The angle 0 in (19) is set to 0 = 1t/4



Phokhara Generator ¢ () +e () = N(a)+ N(g) + (k)

[H.Czyz,J.H.KGihn,E.Nowak,G.Rogrigo, Eur. Phys. J. C35, 527 (2004)]

1 d 2
do = Q_SLWHWd@g (p1 + p2: Q. k)dD2(Q: g1, q2) 2;(3[
L,u,VH'Lw _ (10)

(4nar)? N2 12| 407 11
Q? {OGM -7 lez ) (s —Q?) (yl " yz)

X ((,8’\/ COS é)Q + (7 cos 6, cos f — sin 6., sin 0 sin @)2)

(ot 21 (54 5) w5 )

where v = (s + Q%)/2/sQ? and 3 = (s — Q%) /(s + Q%) , 112 =5

In the limit Q% < s, this can be approximated by
-~ ™
Ly HP = (4ra)® (1 + cos? 0,)

Q% (1 —cos?0.,)

x4 (’Gj\} 2 1 + cos? 9 ]GN] sin 9)
o _/

?2 (1 F cosf-)



Events
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The proton case

[H.Czyz,J.H.Kihn,E.Nowak,G.Rogrigo, Eur. Phys. J. C35, 527 (2004)]

y X
v - # Possible frame:
) — 0' = AR (-8, )R (1/2-® )
€ /]\ pp e’
— 1 Z
Ve T 2/
Recipe:

1. Define the Z' direction as the direction of movement of
hadronic system.

2. Apply transformation above to proton and photon. This will
bring them to the hadronic rest frame.

3. Theta_hat is the angle between proton and Z'.



Angular Distribution- Fit Results

If data sample generated with R = |GE|/|GM| =1

Fo Iy % R
1.877 < my, < 1.950 | 539431 | 585+75 | 51.6 | 1.0440.15
1.950 < myy < 2.025 | 1705 £ 56 | 1561 & 132 | 55.07 | 0.96 = 0.09
2.025 < my; < 2.1 | 2341 £65 | 2221 £ 153 | 424 | 0.97 +0.07
2.1 < 1y < 2.2 2430 + 67 | 2807 £ 161 | 50.1 | 1.07 4 0.07
2.2 < myy < 2.4 2037 + 73 | 2739 £ 173 | 37.4 | 0.97+0.07
2.4 < myy < 3.0 1608 & 54 | 1550 4+ 129 | 42.8 | 0.98 £ 0.09

Fo F, 2 R
1877 < mpn < 1950 | 364424 | 584471 |91.41 | 1.26 4 0.18
1.950 < 1mym < 2.025 | 1753451 | 1668 & 143 | 54.77 | 0.98 & 0.09
2.025 < mpn < 2.1 2007 + 68 | 34304 194 | 37.27 | 1.07 + 0.07
21 < My, < 2.2 4577482 | 44724231 | 48.8 | 0.99 + 0.05
2.2 < My, < 2.4 7000 & 109 | 78514307 | 27.8 | 0.99 4 0.04
2.4 < mym < 3.0 11030 4 128 | 11243 £ 361 | 78.7 | 1.01 4 0.03

C. Morales
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