The XXVI International Scientific Conference of Young Scientists and
Specialists

Parton distribution functions of positron in

electron in QED

Uliana Voznaya
in collaboration with A.B. Arbuzov

BLTP JINR, Dubna State University

2022

Uliana Voznaya Parton distribution functions of positron in electron in QED



Radiative corrections and future colliders
Parton distribution functions approach
Convolutons and regularization
Evolution equation

Running coupling

Splitting functions

Positron in electron PDFs

Conclusion

Uliana Voznaya Parton distribution functions of positron in electron in QED



Radiative corrections and future colliders

Calculation of the radiative corrections — accurate predictions of the high
energy processes: et e” —eTe”, ete” —putu”, efe” — 2y

+

Future e"e™ colliders

ILc

500-1000 GeV

CLIC

3 TeV
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Parton distribution functions approach

DGLAP (Dokschitzer-Gribov-Lipatov-Altarelli-Parisi) equation in
QCD

0 2y _ (@) x .
g e @)= /X7P’J(>’5h(z’o)
G. Altarelli, G. Parisi (1977), V.N. Gribov, L.N. Lipatov (1972),
Y.L. Dokshitzer (1977)
Evolution equation of parton distribution functons (PDFs) in QED
E.A. Kuraev, V.S. Fadin (1985)

dta(s d X
Dpa(x, 1%, 15) = 6(1 = X)0ba + / Y= / Y Dialy. s’ o) P (y)
i=e e,'y

Dpa(x, s) - parton distribution functions, Pp;(x) - splitting functions
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Parton distribution functions approach

Parton distribution functions

Function Dp,(x, s) describes the probability density to find the massless
parton b in the initial (massive) particle a with the of energy fraction x of
the initial particle energy.

V

Splitting functions

Ppi(x) describe a perturbative transformation of parton b into parton i
which takes the energy fraction x
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Parton Distribution Approach

Corrections to the differential cross section of the process:

() k
d - 1
=50 { + zaszcmu}

1 and o are the factorization and renormalization scales
J.Blumlein et al., Nucl. Phys. B 855 (2012), 508-569

d0e+e— ~
ds’ = Déé & Dee & Ozet+

+D'ye ® Déé ® &é'y + Dee ® D’yé & 5‘79 + D’yé ® D’ye ® 5—'y'y

F.A. Berends , W.L. van Neerven, G.J.H. Burgers, Nucl. Phys. B. 297 (1988
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Convolutions and regularization

Convolution:

d
Fap ® Fij = / *zFab(Z)Fij(g)-

z
0

Regularization of functions with a pole z =1

|
O\E
&

Pe = P(z2)

z<1

Plus-prescription:
[P(2)]+ = AIiTO [Po(2)O(1 —z— A)+6(1 — z)Pa],

where ©(x) is the Heaviside function.
Delta-part of a convolution:

(FL®FR)* =FYF — / / (v)Fa(x)dx

1-A1-A
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Evolution equation

Iterative method:

D = DR + 7= (Pee ® D™V + P @ D™ 4 Py 0 DY)

JI

Pilx) = P (x) + 5= PV (x) + 0(a?)
Initial conditions:

DO = §(1 — x) + d)
DO d%)

ye =
2
9 () = T (-1 2in(1 - )

— X
1)_71+(17X)2
e X

d,(y (2Inx+1)

D (x, 1?) =0
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Running coupling «

2 Qo
« 2
(q ) 1+I'I( q Ozo)

Y
— 5 L L —1?

P. A. Baikov, K. G. Chetyrkin, J. H. Kuhn and C. Sturm, Nucl. Phys. B 867
(2013), 182-202

Leading logarithmic approximation: «
Next-to-leading logarithmic approximation: o L*~!

kLk
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Splitting functions

3 types of partons e*, e~ u  Splitting functons:

2
PO = TH5

1—x
0 2 2
PO(x) = x*+ (1 —x)

1+ (1—x)?
0 —
PO(x) = ——L

&y ey
PI2(x) = PR (x)
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Splitting functions

Péé)(x) =CrTr (4—9x — (1 —4x)Inx — (1 —2x) In*x + 4In(1 — x)
+ (2(In(1 = x) — Inx)> = 4(In(1 — x) — Inx) — 4¢(2) + 10) pgg)

P(x) = C? (-Z - gx + (2 + Zx) Inx — (1 - ;x) Inx? — 2xIn(1 — x)
~(3In(1 = x) + (1 - X))pgq) + Cr (-ix - (290 4 g In(1 — x)) pgq>

2
Pgl) = Cf2 <<—2Inx|n(1—x)—§|nx> L+ x — (;+;X> In x—

1—x

2
_%(1 +x)In?x —5(1 — x) + +C¢ T¢ <—§ Inx — %1;:); - %(1 —x)>)

20 56 8
ngl) = Cr Ty <9X —24+6x— 9xz—&—(1—|-5x—&—3x2)lnx—(1—i—x)|n2x>

PO = P 4 P
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Splitting functions

PO (x) = ( L+x? —Sy(x )—|—2(1+x)|nx+4(1—x)>, (1)

1+
1TXdz
SQ(X):/?

fe=d
CG=1, Tr =1,
14+ (1—x)?
qu:X2—|-(1—X)2, pgq:%
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Positron in electron PDFs

° P(-) appear only from DD

e Convolutions with Peé appear from DU

@ In cross-section D,z give contribution from the order o*L*

DY = D2 + Z(Pee @ D2 + Pee © DO + P, © DY) = 0

O 0@+~
D) = (5e) L (P + o2 0 P0) 1 (52)° 2 (3P0 0 1Y)

Because of the charge conjugation:

Pee = Pzz
Pes = Pae
P., = Ps,
P’ye = Fye
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Positron in electron PDFs

DY) = (52) L (P + o) @ D)

2w
a2 1 0 a3 2 1 1 0

+(5) 2 <2ng) ® ng) +(5) e (3P§é) + 5P & P

10 (o 1 o 1 1
—EP&Q ® PO + §P§é) ® P + 3d2 © P + 5% @ P @ PY)

1 1 1

=41 (0 0 , = p0 W, 1 po 1)
+ 2 dee ® P’ye ® Pe’y + 2 Pee ® Pee + 2 Pee ® Pee

1 a3 1 0
+5PR @dl) e PQ’) + (ﬂ) L3 (3P§3’ ® PY

1 50) o p© o p0) L 1p0 o pO) o pO) 10 o p o po
+zPQ e P 0 P +2Pe © Pd © PR + 2PQ @ Pid @ P
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Positron in electron PDFs

D(z) =0

2 1 1+ 22
DW(z) = (ﬂ) Ll1—+32+2<2 +2° tz

—2224+1In%(1+z) T2

1+ 22
1+z

+1In? z(=3 — 3z)

8 8 ,
+Inz<332+3z+3z ) —2InzIn(1+ z)

2 5
§+3—Zf§zf§z +(1+z)|nz]
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Positron in electron PDFs

)721n:|n(1+;)1

1
*U+:)ln::|
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day 2In%(2)
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)+ln:|u(lf

(

+Inzin(l—2)In(1+2) (
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T+=

+1n
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@ PDFs in QED appear in parton distribution function approach used
for calculation of radiative corrections

@ Precise calculation of radiative corrections are important for
accurate prediction of high energy processes

@ PDFs and splitting functions are independent of the process
@ We solve evolution equation of PDFs using the iterative method

@ PDFs of positron in electron type appear from the order a*L* in the
cross-section

@ Planning to apply the results to particular processes:
ete” —wete”, eTe™ — putu~, muondecay
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