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Semi-inclusive electron-positron
annihilation with two hadrons
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Case of large transverse momentum

» |n tfhe center-of-mass frame:

PB
Pa

560 .

®» Requires emission of a gluon in the hard part




Motivation

® | arge transverse momentum
calculations for SIDIS gave
unexpected results

» | arge discrepancy between
LO contribution and data

(See Nobuo’s talk)

®» Does this discrepancy occur in
e+/e- annihilation too?

» Necessary calculation to be
able to extract TMD FFs under
the complete W+Y framework
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Daleo, de Florian, Sassot, arXiv:ihep-ph/0411212



Example diagram




Reference Frames

» Photon Frame:

» Momenita:
qy = (Q,0)) Pay = |pA,}/|(1r nA,y) Py = |pB,y|(1; nB,y)
» Coordinate Axes:

yi = (O maytnsy)  p (0 naympy)
y Inay+ng,y| v nay—npy|



Reference Frames

» Hadron Frame;

» Momenta:

Q%+qf, [Q*+qf —
qn = <\/ 2 T’h'\/ 2 = qT,h> Pan = (pj,h' 0, 0) Pen = (0, P, 0)

» [seful variables:
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Calculating the cross section

dUAB

» \Want to calculate:
dZAdZquT

» |n terms of leptonic and hadronic tensors:
doyp _ AEmZaZpqT LIV
dz,dzgdqrd cos 6 4Q4 .

» \where

LAV = KV 4 VIR — ghv] ]




Calculating the cross section

q"q"
QZ

» Structure Function Extraction Tensors:

Wr = P#VWMV W, = PLHVWMV

Wﬂ\):(_gﬂ\)_l_ _ZﬂZV>WT+ZﬂZVWL

» \where

pH = %(X”X" —ZHZY — gty  PM = zuzv




Calculating the cross section

» Contract leptonic and hadronic tfensors:

dosp Ofg*MZAZBCIT
dz,dzgdqrd cos 6 802 [(1 + cos“0)Wr + sin“6W, ]
» |nfegrate over o
do A2 7.7
AB _ QEmZaZBqT [ZWT . WL]

dz,dzgdqr 6Q?




Calculating the cross section

®» | arge g factorized cross section:

1 1

doyp z deA dlp doupy

= ————(Q,q7,24/%4, 25/ (5) 6 (k)

dz,dzgdqr — | ¢ (%2 dz,dzgdqr qr, 74/ %4, 28/ s L
A

ZB

X [da/r (Ca)dp/7(Cg) + dy/7(Ca)dp s (Cp)
+da/g(Ca)dp s (Cp) + dayg(Ta)dp,7(Cp)
+da/r(Ca)dp g(Cp) + da/7(Ca)dp/q(Cp)]

_pba Z _ bB - _Z_A_kA_.kB 5 —Z_B—M
B =

kg I Ca q-kp 15 (B q-ka




Calculating the cross section

» Conservation of momentum and §(kZ) gives:
(q_kA_kB)z =0

» |ntegrate the cross section over (j:

_zp(Q* + a7)(Ca — z4)
(g =

Q2(Cs — z4) — ZACI72'

» Cross section becomes

dUAB di, dGyp
dz,dzgdqr z f 0az5(Q% + q%)(Qy — 2z4) d2,d2pdqr (Q.qr,2/%, 25/ %5)

Amm

X [dasr (Ca)dp,7(Cp) + dy/7(Ca)dp/r(Cp)
+da/g(Ca)dp s (Cp) + dayg(Ca)dp, 7(Cp)
+da/r(Ca)dpyg(Ce) + da/7(Ca)dp g(Cp)]

Cami _ z4(Q*+q7)(1-z4)
AmIn ™ 92(1-z,)-z,q2




Calculating the cross section

» Pqartonic cross section
A 2 A A
dUAB,f _ OFEMZaZBAT
dZAAdZAquT 6Q2

[2Wr ¢ + W, ]

» where

—~~ —~

WT,f = P#VWMV,f WL,f — PLMVWHV,f

» Partonic tensor




Calculating the cross section

dGapy _ 256m*agyasef2;25qr(Q*+at)(3Q%+at)(z4+25)

» —
dZadzpdqT 3Q4(Q2(1-z4)-24q%)(Q%(1-zB)-zpq%)




Maximum qy

» Calculations showed that above a particular value of g the cross section
becomes negative

_ z4(Q%+q%)(1-2z4)

Samin = =022 p)-zaap =

» Solve for g

q2 < (1 —24)(1 — zp) 02
T Zy + Zp — ZyZp

» This maximum could give us a means of delineating the boundaries
between the large, small, and intermediate g




Preliminary
Results

» Plotting results for n* /™

» {sing DSS14
fragmentation functions

» Q) =10GeV (Bellell
energy)

» Various values of z,, zg
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Preliminary comparison
with simulated data

» PYTHIA simulated Belle data

» Significant discrepancy between the
prediction and the simulation

» Possible reasons:

» |[imitations of PYTHIA accuracy at low Q

» Differences between the fragmentation
function g, behavior (from ., and ()
which may differ from that of the PYTHIA
hadronization

» Need smaller bins at large qr

» Prediction does not yet include
uncertainties
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Conclusion and next steps

» Conclusion

» Obtained an order a, theoretical prediction for the fixed order contribution to
electron-positron annihilation to two hadrons

» Comparison with simulated data shows disagreement and we've identified several
possible sources of the discrepancy that we need to investigate

» Next steps
» Calculate the uncertainties in our prediction
» Compare results and PYTHIA data at larger Q
» Compare PYTHIA results at Q = 10 GeV to observables for which data already exists
» [t fragmentation functions to the PYTHIA data and use those in the theory calculation

» Compare prediction with Belle Il data once available




