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The s219vnl Problem:
Extracting Tlme—lee from

Space—lee Data

R. Baldma S. Dubnicka, P. Gauzzi, S. Pacetts
E. Pasquaiucm and Y. Srivastava

Pion and Nucleon Form Factors (FF)

Dlspersmn Relatlon (DR) fOr the mﬁdu!us'

and integral equatlon o

3 Solving thé integral equation |
'}Tesf'ti.‘-,nvg t‘he Reg..u‘.lar-i_zati:o?n method
e The Nucleon time-like FF

' Isospm Components

e Conclusions




Testing the Regularization Method;
We have used the time-like Pion FF (data for 4m; < s < m%/w and
PQCD asymptotic behaviour for s > m?,/w) to reobtain the space-like
FE according to (i) subtracted and (ii) unsubtracted DR

t{“’”‘ log |G(s)| _ .

s(s-so) s —1
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TeSting the Regularization MEthOdQ

In order to fix the r parameter, the space-like (DR) and
the time-like (experimental data) Pion FF (yellow area)
have been used as input in the integral equation to retrieve
the time-like pion FF (gray area) in the unphysical region
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‘The Nucleon time-like Magnetic FF

To extract the Nucleon FF near threshold, where the data show a
steep variation, in the interval [s1 — A, s1 + A] we use the DR:

. 51 log }Gl(‘s)l t
t ds + —
7 /SI—A s(s —t)vs—s0 e

with: Gy = GoG1 in this interval, Gy = Go outside.




Isospm Components of the Nucleon
Magnetic FF

The isospin"‘components of the magnetic FF are:
G5 = 2(Gh + GRy) G}(lz%(Gﬁ,‘,—G”&)._'
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Conclusions

The Nucleon time-like magnetic FF in the unphysical
region has been obtained in a model independent way
by means of a DR for log |G].

Resonances have been found consistent with p(770)
and p/(1600) masses, however very large widths are
obtained -

No sizeable ¢ contribution has been found

Phases for the Nucleons are consistent with the ex-
pectations: dy — 360° :

There is an interference pattern near Nucleon thresh-
old (M ~ 1.88 GeV) o

Various super-convergence sum rules are obeyed by
Nucleon FF. Our analysis indicates that ImE, does
not change sign, this would:suggest that (neglecting
logarithmic factors):

|Fr(s)] — |s| < as |s| » 00 (e>0)
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Solution with the u,d, s, ¢,b quarks
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Analytic Models for agcp

1 o A2 1
a(Qz) [fog(Qz//\Q) ' Qz}

LL. Solovtsov D.V.Shirkov Theor.Math.Phys. 120 (1999) 1220
Teor.Mat.Fiz. 120 (1999) 482, hep ph /9909305
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Chot % Ji, pLBYo, b (”)
PRDJ, o7yo!s (99)

TABLES
TABLE L Gptmuzed quark masses my[GeV] and the ga.uss:w pd‘ra.metars B{GeV] for both

harmonic oseillator and linear potentials obtained from the variational principle. We a.lso include
the results from the 'smea,-rimg function(s.[.) given in Eq:(2.12) instead of the BrexttFerma contact

' term. q""u and d

ms Mg mb ﬂqq ﬂ'ss . ﬂs‘;’s‘ ' 5«;»‘5; ﬁs& 'ﬂcf ﬂqi; ﬁsl; B Bss

0.25 0.48 1.8 5.2 0.3194 0.3681 0 3419 0.4216 0 4685 0.6998 0.4960 0. 5740 1 8025

Potential ™y

H.O.
s.f. G 25 0 48 1. 8 52 0. 3194 O 3703 0.3428 0 4286 0.4782 0. 7278 0.5122 D 5980 l 9101

o Line’ar» 0.22 045 1.8 5.2 0.3659 04128 03886 04679 05016 0.6509 05266 05‘712 1.1452

s.f. 0. 22 0.45 1. 8 52 0. 3659 0. 4132 0.3887 0 4697 0.5042. 0. 6548 0 5307 05767 1.1806.

TABLE II. Fit of the ground state meson masses W1th the patameters given in Ta.ble I Undet
line masses are input data. The masses of (w @) and (71— 1) were used to determine the mlﬁng ’

angles of w — 45 and — 9/, regpectwely.

- Jm e

’1’5"0  Exp-e'rimenti{:MeV]A :H.O.['s;vf.:] Linea.r[sff::] _ 35'1 Expe;imentf H.0.[s.{] vhmm{s f ] o
. 135:&0.66035:— - 135[135] | 13’5::'{»15.35] | | P ‘77{& 08 "170{77_1;1" ?79[??3]
K 494+ 0.016 470[469] "478[4_783‘- K* 892+ 024  S75[875] 859{_8:30 :
n 547+ 0.19 547[547] ‘A@é{zsm' W 782+ 0.12 782(782} ﬂ-‘-v'f:siz[}zsz]
b 953:{:0.-14 958{958] .9“5"319‘53] ¢ 1020:£0.008 1020[1020] wznimzn}
D 1869+0.5 1821{1821] 1836(1840] D~ 2910:;; 0.5 2024{2026] ~199‘s-;[_199%1
D, 1969+0.6 2005{2004] 2911{2014 D*' 211240.7 2155;;{2:1501 2109{2108_‘1
o 2980221 3123[3123] “3171{3173} I 3097:£0.04 .,3257[3244] 3225[3221]
B . 5,2?9;& 1;;3,, | 5235[52311 ,;,_‘;52[ {5237] B* , 5315‘:': 18 '534915349]’- - 5315[5314]
B, sassiz;é 53%8{5372} 5375[5376} (43) Sow 5471[5466] 5424[5423}.
(bb) »  9295{93531_ 9657[9651] ,T 9460 0.21 9558{9459] '9691'@675] :

S(wé) 7 t’? 8°

etﬂ) -19.3 -»:?é

f ﬂ o ?M&umﬁ*ui@ 9‘%




Table 4: Decay constants and charge radii for various light ‘pseudoscalar and

vector mesons. We use the w — ¢ mixing angle, éy = 93U(3) —35.26° = F3.3°,
for the calculation of f, and f,.
Observables | HO- Linear | - Experxment
7, MevV] | 131 130 131 | Choi & 7
Tx MeV] | 155 61 60 |PROE 9. 07{(@/.5‘
f» [MeV] 215 246 216 Y 4
fx- [MeV] | 223 | 256 (244) 99)
f. [MeV 65 (78) 74 (89) 65
s [MeV] | 117 (108) | 133 (124) 112
2 [fm?% | 0.449 0425 | 0.432 £ 0.016
72, fim?Y | 0384 | 0.354 0.34% 0.05
72, [fm? | —0.091 | —0.082 | —0.054= 0.101 |

Table 5: Decay constants[MeV] and cha.rge ra.dn [fm 2] for various heavy pseu-
doscalar and vector mes

OnNSs.

References fp fp+ fo, /B fB* fB,
HO| 179.7 211.6 - 218.6 160.9 | 173.0 207.0
- Linear 196.9 | 238.9 . 2331 1714 -} 1858 | 203.9
Lat.[1] | 200£30 - 220430 170435 - 195435
Lat.{?] 195 + 11 - 213 +9 1159+11 - 175+ 10
SD[3]| 214 | 200 234 182 | 200 | 194
Expt. | <219 137 — 304 '
References |  rp+ Tho 7'?)1. TS 3 | . r%g
HO 0.182 —0.309 0.106 0.420 —0.208 | —0.081
~Linear 0.176 —0.301 0.101 0.438 —-0.217| —0.083

[1]J. M. Flynn and C. T. Sachrajda, hep-lat/9710057. [2] MILC

Collaboration, C. Bernard et al., PRL 81, 4812(1998). [3] M. A. Ivanov, Yu.

L. Kalinovsky, and C. D Roberts, PRD 60, 034018 (1999).
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Figure 1: An optimal fit of all existing data on proton electric and magnetic FF’s
in space-like (left) and time-like (right) regions by the unitary and analytic nine
resonance model
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Figure 4: Predicted behaviour of £ electric and magnetic FF’s in space-like
(left) and time-like (right) regions by the unitary and analytic nine resonance
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The 7™ — y*—transition form factor

e Definition of transition form factor through W*W*W—vertek:

:FHV = *“Z'Bg Fy‘r’)/* (QZ, QIQ) € pvaf Q?qg y

e Convenient variables: |
o Q@ +Q" Q*—-Q”
Q= 9 » W= Q2 Q/Q
‘e Born diagrams contributing to F’ 7(*)

)

.

e Leading twist, NLO «a-expression in hard scattering approach

~ [Brodsky, Lepage, 1980}

g)ﬂ’F)
er’y*(Qaw’ 3\/’Q2/ df ————— 1+ fw

1+ 200 )

The Annihilation of Virtual Photons into Pseudoscalar Mesons



Propertles of the pion dlstrlbutlon
amplitude

e Relation of pion DA &, to pion’s Iight—cdne wave function:
[Brodsky, Lepage, 1980] |

O, (& pr) ~ [1 [d2’ﬂ} (&, k1)
¢ =2z — 1, z usual light-cone momentum fraction

e &, describes distribution of pion’s longitudinal momentum among
its (partonic) constituents.

e Only lowest Fock state contributions to hard scattermg |
reactions at Ieadmg order pQCD.

‘o Normalization of g¢-Fock state wave function from 7+ —» p*"yu:
4
= [ de (g b~ 0)

“wave function a,t origin of transverse conﬁguratlon spa,ce

e Solution of evolution equation in terms of expansion upon
Gegenbauer polynomials C3/2 :

B¢, 1r) = Das(E) [u 2 B (up) 05;/2(5)}

n=24,...
e B" Gegenbauer coefficients: -

B - Bl
e Asymptotic form of pion DA:
Dps(§) =

Qs (MF))%

as (po)

N)ICJ\D

(1-8)

The Annihilation of Virtual Photons into Pseudoscalar Mesons



The m — y*—transition form factor

e Rewrite using Gegenbauer expansion:
% G Biur)

éyry* (—Q~7 w) = 17552 n=0,2,...

with analytically computable functions C,(w)

1.2

1} Gl
—= Clo)
----- Cyle)
/i
/it
S
. /i

0.6 F
/
// l"
04 | e
. S !
/// J ':'
/
0.2 2 » ///// ) '/, "I
) /’/, '// »~
0 b= T b i = AL il
4] 0.2 0.4 0.6 08 1
(2

e Sensitive to Gegenbauer coefficients B” only for w — 1,
1.e., for one photon being nearly on-shell. /

The Annihilation of Virtual Photons into Pseudoscalar Mesons



The ™ — v*—transition form factor

e In the limit w — 1: Ch(w) — 14 O(as):
case of transition form factor for real photons.

e In that case, form factor measures (1 + &) *-moment, given by
sum over all Gegenbauer coeflicients:

_ S .
1+ = S+ By (1p)]
e From phenomenological analysis of CLEO data: [Kroll, Rauifs, 1996]

(1+6)H =137 at Q°=8GeV’

e Consequence for pion DA e.g. B} =0 forn > 4.
BY (g = 0.5GeV) = —0.15

~» pion DA is close to asymptotic form
[Musatov, Radyushkin, 1997; Brodsky, Ji, Pang, Robertson, 1998]

The Annihilation of Virtual Photons into Pseudoscalar Mesons



The 7 — v*—transition form factor

e Small sensitivity w.r.t. B follows from fast decrease of Chp(w)
for w — 0: expansion in powers of w: | |

—_— \@fw 1 — as(@)_{_ 1 w2(1 . ?as(@))

Fﬂ’Y*(QaF’J) - 3@2 T 5 3
12 _ 5 os(@ |
+ é;-gw?Bg(Q)(l + —1——2-95 fTQ))} + O(wt, a?)

e First appearance of B} at order w"
e ~» Extraction of BT from v* — m-form factor difficult.

e But: parameter-free prediction of pQCD to leading twist
accuracy for w — 0: [Cornwall, 1966; Kopp, Walsh, Zerwas, 1974]

Vaf,  es(@)

3 s

QFrp(@Qw) =
valid over a wide range of w !

e Any deviation from this prediction would signal power
corrections !

The Annihilation of Virtual Photons into Pseudoscalar Mesons




The 7 — y*—transition form factor

n—y+ Formfactor

- 0.1 . Y T
—— full result :
’ -—=—- Eq. (12)
0.08 | ——-- Eq.(13)
5
[03]
125
'é: 0.06 o
T
0
g 0.04
"8
0
O o.02
0 L
0 0.2 0.4 0.6 0.8 1

Teg W=\
<y C\Epo 7

Need c;m- B sc

The Annihilation of Virtual Photons into Pseudoscalar Mesons



The © — v*—transition form factor

° Complicat_ion in the limit w — 1: sensitivity to endpoint
regions, & — =£1. - |
e Large power corrections may spoil accuracy of data aha,lysis.

e Investigation of partonic transverse momentum and Sudakov
corrections within modified hard scattering approach:

[Botts, Li, Sterman, 1989, 1992]

For(@,w) = f [ de b (€, b, ur)

x Ko 1+«5wa) exp[—S (£,6,Q, pr)]
. o
IS
e Asymptotically, only small transverse ‘&q—separatlons survive
due to behaviour of Sudakov factor. :

‘b Fourier conjugate to k ffv =

e Example: Gaussian ansatz

N T fr 2
e = @[T 20 -8

6 The Annihilation of Virtual Photons into Pseudoscalar Mesons



The 7 — v*—transition form factor

e Ratio of transition form factor in modified / collinear approach

0.8

e dashed line: Q° = 2 GeV?, solid line: 0’ =4 GeV?.

e k -corrections negligible for @22 4GeV? and w $0.9:
domination of leading twist. |

e However, small sensitivity to coefficients By, in this region.

The Annihilation of Virtual Photons into Pseudoscalar Mesons



The case of the .eta

e Analogous discussion for v* — 7, n# transitions.

e Complication through n — 7’ mixing and contributions from
gluon DA at O(a).

*

Y : . y*

'Y(*) ’Y(*)

e Convenient: Fock state decomposition with SU(3)r singlet and
octet valence quark states: (P =17, 1) .

(8)

2v/6
(1)

+2\f

| P) = 22_oB)(&) | (uu+ dd — 2ss) /«/6>

05 (¢) | (un+dd +59)/v/3) + 9E(€) | g8)| +

e Definition of déc‘ay constants:

(O] T D\ P) =if o (1=1,8)

The Annihilation of Virtual Photons into Pseudoscalar Mesons







Summary

13

e Meson DAs important, universal objects in hard exclusive re-
actions, which embody soft physics. -

e Form factor for transitions v — P measures sum of expansion
coefficients.

e Form factor for transitions v* — P independent of DA’s shape
over wide kinematical region. L

e ~> Parameter-free, leading twist prediction of pQCD, deserves
experimental verification !

The Annihilation of Virtual Photons into Pseudoscalar Mesons
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Lund string fragmentation hadronization

The hadron production picture is Vthvat string
fragmentation by a set of new pairs (¢q) and (¢dqq
production, hadrons form at vertices.

1t field . g8 . bb

Figure 1: String fragmentation in t — x space. The produced
new pairs (qq) and (q@qq) may form mesons and baryons if
they carry with the correct flavor quantum number, othewise
they just behave like the vacuum fluctuations and do not lead
any observable effects in experiments.

Lund Model — dream for simple and elegant 3
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Haiming Hu Derivation of the area law

Derivation of the area law

‘Lund string fragmentation process is Lorentz
invariant and factorization. The finite energy (s) system
containing m hadrons may be viewed as a part of infinite

system with ‘energy sop — 00.

The proCesses occurring in subsystem is the same as
it be a complete system starting at the some original

energy S. - o
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Figure 2: The situation after n steps fragmentation. 5
is the squared invariant mass of the n-hadrons subsystem,
A...: = A, is the area enclosed by the quark and antiquark

light-cone momentum lines of n particles
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Spectra of e'e” —> hadrons
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Haiming Hu _ __Monte Carlo results and BES data

Spectra of e'e” —> hadrons
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Summary

Haimir)g Hu |
| Summary

JETSET high energy
Lund MC{ Area Law intermediate energy

We develop the formalism to use the basic Lund
Model area law directly for Monte Carlo program
LUARLW, which will be satisfied to treat two-body up

to six-body states.

The LUARLW predicts more than 14 distributions
totally agree with BES data well. |




