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BASIC IDEA

do(eTe~ — hadrons + v(ISR)) = I

= hadrons

H(Q?,0~) do(eTe™ — hadrons)

» measurement of R(s) over the full range
of energies, from threshold up to 4/s

» large luminosities of factories compensate
o /7 from photon radiation

» radiative corrections essential (NLO)

High precision measurement of the hadronic cross-section

at meson-factories
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From EVA to PHOKHARA

PHOKHARA 6.0: =«tw—,
putu—, 4w, NN, 3w, KK,

EVA: e—l_e_ — 7T—|_7T_’7/ A_(—) o o o )A(—) e o o )
e tagged photon (0 > 0.y;) e ISR at NLO: virtual corrections
e ISR at LO + Structure Function U to one photon events and two
e FSR: point-like pions photory emission, at tree level ,
[Binner et al.] —~— W
T

1.3,
ot o] [

e FSRat NLO:w o~ utu= KT K~

ef%e_'—+-4ﬂ'+—q/

e ISR at LO + Structure Function []
[Czyz, Kiihn,2000]

e tagged or untagged photons

e Modular structure

http://ific.uv.es/ “rodrigo/phokhara/
H. Czyz, IF, Ué, Katowice New developments in PHOKHARA MC EuroFlavour '07 3



FF separation at B-factories

H.C., J. H. Kiihn, E. Nowak and G. Rodrigo, Eur.Phys.J.C35(2004)527
12

|
DY — b L D

J. Arrington, Phys. Rev. C 68 (2003) 034325
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FF separation at B-factories

H.C., J. H. Kiihn, E. Nowak and G. Rodrigo, Eur.Phys.J.C35(2004)527

Electromagnetic current describing production of baryon-antibaryon pair

FN(Q?
4m

Jy = —te - u(q2) <F1N(Q2)’Yu — Y @ ]) v(q1) ,

G =FN + FyY GN =FN +rF),

T =Q%/4mA;, Q = q1 + @2
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FF separation at B-factories

H.C., J. H. Kiihn, E. Nowak and G. Rodrigo, Eur.Phys.J.C35(2004)527
ATLOISR: et +e= — N 4+ N + .

1 .
do = gLuuH“VdLZPS(m + P23 q1, g2, k)

H,uu — 2|G]\N/_[|2(QMQV — g,uuQZ)

8T
_ (|G 2 —|GN|2) Gt

T —1
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FF separation at B-factories

Rodrigo, Eur.Phys.J.C35(2004)527
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about 2000 events per 100 fb—1
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nucleon FF
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BaBar: Phys.Rev.D73:012005,2006.
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A formfactors

ete” — A(qg2, S2)A(q1,S1)

eTe  — A(Q27 SZ)A(QL S1)7ISR

Ju = —te - u(qz, S2)

(Ff‘(Q2)w Ffﬁ)m,@]) v(q1, 51)
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The polarized cross section

do(ete™ — AA) = o5 LY, H*d®3(p1 + p2; 41, 42)
Lgy HMY —

471'2a2{|GM|2 (1+ cos? 05) + %|GE|2 sin? 01

+ Im(GpG%)/ /T sin(203) (sx n s%)

— Re(GuGY)/VT sin(205) (5352 + 535%)

+ (HGBI? + |Gu[?) sin? 05 $2S%

)
+ (LGEP — |Gu?) sin 6, SUSY

— (%|C¥E|zsim2 Ox — |G]\/_[|2 (1 1 cos? 9_/_&)) SiSi}
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Im(GpGE)/ /T sin(203) (s}( n sj{)

and

Re(GpG%)/+/T sin(203) (stw +stw)

Gy = |G| etPM

Grp = |Gg| €'9E

Re(GpnGE) = |Gyl |GE| cos(dpr — dF)
Im(GpGE) = |Gyl |GE|sin(¢p — OF)

_ — A
M - relative phase between electric

and magnetic form factors
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The subsequent two body decays of As

The measurement of the subsequent two body decays:

A—np| o Aontp

allow for a spin analysis of the decaying As.

RAzl—aAS’A-ﬁﬂ_

The decay distribution:

The spin vector is replaced by:
5A — —Q AT _— and S’j\ — —O RN+
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ete” — A(— m"p)A(— 77 p)

using the narrow width approximation

do (eTe”™ — A(— 7 Tp)A(— 77 p)) =

do (e"’e_ —> _/_XA) (SA,./_\ —>

FOAT )

X d®2(q1; P+, Pp)dP2(g2; P..—» Pp)
X BI‘(./_X — 7T+13)BI'(A — 7T_p)

n_+(n_—)=(0,7_+) ((0,72,—)) in the A (A) rest frame
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The cross section with ISR photon emision

4
L”Hw ~ 4(Q72T51)y2 (1+ cos? 6-) |G prl? (1+ cos? 0% )
_ nﬁ’ﬁ)

. Im(GpGE

—I—llG 2sin? 05 — ap (\/]\_f )sm(ZHA)( ?T
_|_a2 RB(G\/_J\;{GE) Sin(ZHA) (nz_na:+ + n7zr+nj:r_)
—aA (%|GE|2 + |GM|2) sin? 03 ny n;_

1
~a} (21GEl? - |Gpl?) sin? 05 nY n¥_

—|—ai (%|G’E|zsi1r12 Ox — |G]\/_[|2 (1 + cos? 0]&)) nfr+n7zr_}

07 - Q rest frame with the z-axis opposite to the photon direction
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The cross section

FF from Korner et al. Phys. Rev. D 16 (1977) 2165

(fb/GeV)
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At B-factories we expect about 130 events per 100 fb—1.
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Asymmetry

4+  do(a™>0)—do(a™<0)
Y  do(aT>0)+do(a*<0)
at(—) = sin(207 ) ’nﬂJr(W )
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Asymmetry
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Spin correlations

A.. — do(a>0)—do(a<0)
Tz ™ do(a>0)+do(a<0)

a = sin(203) x (n?_nZ, +nZ n?_)
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Spin correlations

ete” — N— 7 p)N— 7" p)y
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The cross section

BABAR Collaboration, arXiv:0709.1988
Gg/Gpar| = 1731_822 for /Q%4: 2.23 - 2.40 GeV

IGE/Gar| = 0.717998 for \/Q2: 2.40 - 2.80 GeV

0.76 < sin(A¢) < 0.98
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PHOKHARA 7.0: near future developments

» 47 - revisited

» J /1,1 (2S) with the radiative return

» FSR for 3w and NN
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Final remark

Only investments in theoretical
and experimental analysis necessary
to obtain many valuable results
with the radiative return method
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