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Motivation



Drell-Yan processes @ LHC
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@ PDF fit
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@® W mass measurement
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® Weak mixing angle measurement
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Drell-Yan processes: Fixed-order calculations

_v_

N

*

NLO
» QCD corrections.
» EW corrections.
NNLO
» QCD corrections.
» Factorizable categories
* QCD-EW corrections to hadronic decays of W&Z.
* QCD-EW corrections to Z production form factors.
* QCD-QED corrections to Z production, on-shell & off-shell.
* QCD-EW corrections to Z&W production.
» Non-factorizable categories
* QCD-QED corrections to lepton pairs.
* QCD-EW corrections to DY processes in the resonance region.

* QCD-EW corrections to pp — v, + X.
* First complete QCD-EW corrections to lepton pairs production.
* Master integral and amplitude calculations.

N3LO QCD

» Inclusive Z&W production.

» First differential distribution study.



Massless or massive lepton

NLO EW, distributions of lepton’s p;
(do/dpr,)/(pb/GeV)
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 Lepton’s mass might affect observables in presence of cuts for identifying lepton which gives rise to logarithm in the

form of log(mlz/ (), where Q is the characteristic scale of the process, such as collision energy or vector boson mass.
* We can focus on the QED part of the QCD-EW correction calculations, since the logarithm originates from photon

emissions and exchanges.

* Need to keep the mass of lepton in the calculations of scattering amplitudes which requires 4-point master integrals

with massive lepton.
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Charged-current DY with massive lepton: Conventions

Feynman diagrams

q W v g W v g W vV g W V1
—/ /y —/ ’y —/ ’y —/ /y

q [ 4 [ 4 [ 4 [
Notations

q(py) + G (p)) = v(p3) + U(py), [=e p,
wherepl2 = p32 = p32 = 0, pf = ml2 and

§ = (pl +p2)2, [ = (pl +p4)2, U = (p2 +p4)2, Wlth S+TI+u= mlz .

The integral family is defined by g inverse propagators,

D, = 112, D, = ([, +P1)za D; =} + p; +P2)2,
D, = (L, + p; + py)° — my, Ds = (I, — py)* — my, Dy = I3,
D; = (I, - ), Dg = (I, — py)*, Dy = (L +p))*.



Charged-current DY with massive lepton: DEs

Forty-six master integrals after IBP reduction
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Charged-current DY with massive lepton: DEs

® Forty-six master integrals after IBP reduction
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Charged-current DY with massive lepton: Solutions

Canonical differential system

E — GAX()C, Y Z)?a _? = A (xa Y Z)?’ _? = GAZ(X’ Y Z)?
0x 0y Y 974

Expand the DE system around z=o0 due to large mass gap between lepton and W boson. No roots in expanded system.
A, _

<
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Solutions evaluate to Goncharov polylogarithms (GPLs)
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Charged-current DY with massive lepton: Solutions

Boundary conditions

37

/38

X Y
f15 f16
AR\
f21 f22

X
f27 f28

N L
f33 f34

_|_
& |
— : . . . — ~ ~




Boundary conditions

regular MI
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Charged-current DY with massive lepton: Solutions

x&xf&mm
ZE EIE >€% >€%

><[ X9<
f13 f14
<3 L
f19 f20

fas

~L <t

fs1

37

fao

fs2

/38

fa3

E><

15

Z

fa1

for

/33

/39

Jaa




Charged-current DY with massive lepton: Solutions

Boundary conditions

S —
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3. &3.13 are matched against the counterparts with full lepton

limit

mass dependence.
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Charged-current DY with massive lepton: Solutions

Boundary conditions

limit
0
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3. &13.13 are matched against the counterparts with full lepton

mass dependence.

4. 813045 take use of the asymptotic behavior in the limit z — 0.
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Conclusions

The Drell-Yan processes provide the stringent precision test of SM.
More works need to be done for QCD-EW corrections to Drell-Yan processes.

The two-loop master integrals for QCD-QED corrections to charged-current Drell-
Yan process with massive lepton are calculated analytically.

Our result could help to implement a flexible MC program for real physics analysis
when lepton mass is under consideration.



Outlook

* Amplitude calculations for QCD-EW corrections to charged-current process.

* As an interesting question: what if we want to keep the mass of lepton in the complete QCD-EW calculations?

q V] q [

Vi

00000000

* What if m, # my, but m; = 0 when trying to compute master integrals analytically?

q 1%

w /
\

a I

* Have found canonical basis for both cases. Too many square roots. Expansion or new method(

)?









Boundaries of g 5

Look at a smaller system defined by
D4 — (12 _p4)2 — mlza D5 — (l1 — 12)2, D@ — (ll — P4)2,
D; = (l,—p; — P’

and consider only the sector (including its subsectors)

P3

P4

Seven Mls in this family
fi 2 f3 Ja

D
s fe 7

The canonical basis is defined as (1 = — mlz/ S)
81 = €2f1a 8r = €2f2»
83=€2f3”a sga=0-e)efu,

85 = €3f5 (u+1), 86 = €2f6u(u + 1),
g = f(u+1)

Performing an expansion around u = 0 on complete

solutions provides the requisite boundaries of g5 |5
in our main calculation

gs =€’ GyﬁG(o,u) + G(0,0,0,u) — (,“(3))

A 7, Tn® 5
et | =BG Ou) = =7°G(0.0u) = 56(0.0,0.0.u) =—= | + O (e”),

2
g, =€’ <G(0,0,u) + %) + ¢’ <—%7z2G(O,u) —3G(0,0,0,u) + 2.:(3))

A 3, 89" 5
et | —66B3)GOw) + 7 G(0.0u) + 7G(0.0,00.0) + == | + O (e”),



Asymptotic behaviorinz — 0

Perform a Jordan decomposition of A, _;

— —1
A, =SJS,
Let h = S~1%’, then in the limit z — 0
— 1 —
0,h re—Jh,
<
Easy to identify an /4 integral satisfying
On the other hand, at integrand level .
G = 2
= ]:1
where the 311 integrals are known . Following equivalence can provide extra missing boundaries
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