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- Part 1: QCD corrections for DY

I)- Brief introduction and q;-resummation
formalism

lll)- Analysis of H.O. QCD corrections



Infroduction and motivation

~ 4| Drell-Yan process
1 To perform the computation, factorization theorem is used:

do A0 ap—v+Xx
22y AM2ddy Z / drrdzs fy (@1) fo* (22 2) e a0y

PDFs Partonic cross-section
(non-perturbative) (perturbative)

1 Fixed-order corrections fail to describe h(p1) (11 3)
the low q; region » Presence of
enhanced logarithmic contributions

1 SOLUTION: Resumming the perturbative
expansion:

Q

q’%‘ d ,2 d(f 1 L2 L 2
O dq + g [(212 +c11 L+ .. ] h2(p2) fb/hz(xbﬂ;:)

2 4 3
g |Cog L™ + oL + ... o
L 5 [ 24 ¥ Ol } u Extracted from the talk “NNLO QCD predictions
and q; resummation for V production”, by G.

L =log (A,fz/q%) and ag L >>1 Ferrera, (LHCP 2017, May 18" 2017, Shanghai)



gr-resummation formalism
B

o Soft gluon/photon radiation could provide non-negligible effects in the low q;
region ‘lExiend qt-resummation to deal with QCD-QED radiation! |

- Some formulae to introduce gt-resummation in QCD: PURPOSE OF
THIS TALK!

O The singular (i.e. divergent) part has an universal structure:

o™ (py, payar, My, Q) M? T [d(,(m } /‘P_b e ar g (M b)
( (& b)

d?>qr dM? dy dS2 s o 21)?
dzl dZQ F 2 /72 2 /7.2
X Z / / H Clcz]cé;al@ fal/hl(xl/zlabo/b ) fag/hg(xQ/Z27bO/b)
al,a2
o The resums all the soft/collinear-emissions from the incoming legs; it is

process independent

O The “hard-collinear’ coefficients H and C are related with the hard-virtual and collinear
parts, and also contain the process dependence.

Catani et al, Nucl. Phys. B881 (2014) [arXiv:1311.1654]



gr-resummation formalism
B

1 More details about the resummation formula:

O The Sudakov factor contains the logarithmically enhanced contributions. It can be

resumed to all orders within perturbation theory!
00 g\ ™
Afag) = :(—) A
(as) —) A

M? dq2 , M2 , n=1
s.000) =ewd - [T A fas() n T+ Bulase)) .
bi /b = As\" pm)
Be(as) = ; ( T ) e
O A, and B, depend on the leg responsible for the emission. They are related to the
splitting functions!
o Also, C and H are calculable within perturbation theory! C is process independent (H
contains the virtuals, i.e. loops):

Loop information (finite

o a n
H(f(mpl, Topa; §2; 048) =1+ Z (?S) Hf(")(:vlpl,xzpz; Q>_’ parts)
n=1

_ Radiation from incoming

= EE >
an(z; aS) — 5qa 5(1 - Z) s Z (?) Cfga)(z) legs (transitions)

Catani et al, Nucl. Phys. B881 (2014) [arXiv:1311.1654]



H.O. resummed QCD corrections

Drell-Yan process: path to refined predictions

Fixed-order description of QCD corrections

o NLO Drell and Yan, ‘70

o NNLO Hamberg et al, 21’°; Anastasiou et al, ‘03; Melnikov and
Petrielo, ‘06; Catani et al, ’09-’10; Boughezal et al, ‘15, ...

Excellent agreement in the high g; region! Inclusion of QED and
EW higher-orders (F.O. approach) to increase precisionl!

Resummed corrections computed up to NNLL+NNLO with g;-
resummation formalism:

o DYqT: inclusive qT spectrum

[Bozzi,Catani,de Florian,G.F.,Grazzini(’09,’11)]

http://pcteserver.mi.infn.it/ "ferrera/dyqt.html

O DYRes: fully exclusive resumed corrections (plus decay into leptons)
[Catani,deFlorian,G.F.,Grazzini(’15)]

http://pcteserver.mi.infn.it/ "ferrera/dyres.html
Recent progress to include higher logarithmic terms (N3LL)
Catani et al '14; Bizon et al '18-'19;



H.O. resummed QCD corrections

~ 8 | Drell-Yan process: H.O. corrections in QCD
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DYRes results: gt spectrum of W and ¢* spectrum of Z boson at the LHC
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Extracted from the talk “NNLO QCD predictions and ¢; resummation for V production”, by G. Ferrera, (LHCP 2017)




- Part 2: QCD-QED corrections

I)- Development of a formalism to deal with
mixed QCD-QED computations

ll)- Application to Z production
(NNLL+NNLO QCD plus NLL+NLO QED plus NEW non-

trivial mixing)



Mixed QCD-QED resummation

Path to QCD-QED resummation:

Step I: Transform all the QCD coefficients into the QED ones with the
Abelianization algorithm (donel!). Obtain QED resummation formula (donel).

O Subtlety |: Charge separation effects due to up and down sectors.

O Subtlety Il: Photons and leptons must be included (closed loops), as well
as the photon PDF ‘Non trivial dependence!
SOLVED!

Step ll: Deal with QCD-QED radiation simultaneously. We need to
Abelianizate all the coefficients, and perform the perturbative expansions
with two couplings!

O Subtlety |: Check of factorization formulae and its functional structure
O Subtlety II: Compute all the coefficients, including the mixed ones!

o Subtlety Ill: Applicable for color-less neutral final states...

Cieri, Ferrera and GS, JHEP 08 (2018) 165



Mixed QCD-QED resummation

~ 11_[Required ingredient: mixed RGE equations!

1 Coupled differential equations: Crucial to recover non-trivial mixed terms in

g-functions
d1n ag(p? - g\ "l - as\"tl ra\m
dl 8(2 ! = Blas(). ) = =25 (?S) = 2 Pum (?) (E)
o n=0 n,m+1=0
dln o - o\ ntl - a\ntl fag\™m
nalt) — glat)as) = =38 (2) = X (27 (L)
H n=0 n,m+1=0
1 Mixed beta function coefficients:
1 N(Q)
50:5(110A—2nf): Boi = — ; ;
. NO . N , CrC AN
}60 - = 3 ; )81 - = 1 01 — — A )

Cieri, Ferrera and GS, JHEP 08 (2018) 165



Mixed QCD-QED resummation

12| Abelianization of the qgt-formalism

1 Our (explicit) formulae (in b-space)
o Originally, in the QCD formalism, the resumed component is given by

46 - M? [ b
2L (g, M, S5 ) = /0 05 10(b ) Wesau b, 1, 5 17)
T

and we extend it by “exponentiating” photon/gluon radiation:

W;\I:(baM;U )_UF)(M)H (Ofs’& M2/ﬂ’R7M2/IJJF:M2/Q XeXp{gN as, o, L MZ/”RJMZ/Q )}

Hard collinear part Logarithmically-enhanced

contributions

O The hard-collinear part is expanded in a power series:

00 a\” .
i (as,0) < Hilas) ¥ 21y U+ 0 (5) Ay —
/ =2 Pure QED part
as 1F (n,m)
Pure QCD + ) ( ) (_) Hy T Mixed QCD-

nom=1 QED
Cieri, Ferrera and GS, JHEP 08 (2018) 165



Mixed QCD-QED resummation

13| Abelianization of the qgt-formalism

1 Our (explicit) formulae (in b-space)

O The Sudakov factor is also expanded:

G (as, @, L) < Gy(as, L)-+a@igD(al) + ¢ (aL)+Z( ) g (@L)—" oen
n=3
~1 _
Pure QCD (1.1 g (2) (nm) 7 T
+9° (gL, al) + Z ( ) T gn " (asl,al) (New) mixed
n—l—m7é2 QCD'QEDI!

O The g-functions for QED are:
AN £ In(1 - N)

"D
—  Large (1) 1(2) /
N=Lgal e A (A
=20 log!l! (aL) = 50 In(1—\)— 7\ T +1In(1 —\)

I(l) ’ ’
AgUBL (1 / In(1—)) A
——— | =1In*(1 — A\

63 (QH( )+ 1_)\, +1_/\’

Cieri, Ferrera and GS, JHEP 08 (2018) 165



Mixed QCD-QED resummation

14| Abelianization of the qgt-formalism

1 Our (explicit) formulae (in b-space)

O The new mixed first-order g-function:

0D (asL,aL) = ALy ey A Ty o
ﬂo 0 ﬁ /80
, N N Y N1 - )
MAA) = =3 I = A+ Inl = X) l(l —No-w (WH

A A=)
_ng(/\_)\,)+L12( A_A’ ),

o New A, B and H coefficients:

B = _3, 2 2w e 2 8 4 72
5 -2 WeadN 9 \N(N +1)
A _ 2 A — 2 2 A
q —eq q - geq (3+ Q’D(N—Fl)) F() F() 362

~,1) o qq 4 2N( N +1) HogevgN = HogeagyN = NIV 12
B B + 2 qq N 3 N2 LN

) 22 tN+2 1F (1) IF (1) 1F (1)

awN = 5 % H =H _ =H - =0

2 N(N +1)(N +2) a3y, N qG4—qq,N q3+-qq,N

Cieri, Ferrera and GS, JHEP 08 (2018) 165



Z production with mixed NLL QED
S5 fomeplots —

O

do/dqy (pb/GeV)

RATIO to (NNLL+NNLO)oep

Case of study: Z production (implemented in DYqt)
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o Collider: Tevatron at 1.96 TeV

O Z production, using the narrow with approximation, with NNLL + NNLO QCD as
reference to compare the QED effects. NEW NNPDF3.1QED (uses LUX’s method)

Cieri, Ferrera and GS, JHEP 08 (2018) 165



Z production with mixed NLL QED
S fsomeplots —

1 Case of study: Z production (implemented in DYqt)
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o Collider: LHC at 8 TeV

O Z production, using the narrow with approximation, with NNLL + NNLO QCD as
reference to compare the QED effects. NEW NNPDF3.1QED (uses LUX’s method)

Cieri, Ferrera and GS, JHEP 08 (2018) 165



Z production with mixed NLL QED

1 Case of study: Z production (implemented in DYqt)
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o Collider: LHC at 13 TeV

O Z production, using the narrow with approximation, with NNLL + NNLO QCD as
reference to compare the QED effects. NEW NNPDF3.1QED (uses LUX’s method)

Cieri, Ferrera and GS, JHEP 08 (2018) 165



Conclusions
e

DY process is a playground to applying /developing new methods.

Relevance from the experimental /phenomenological /theoretical side!!!

Part 1: Review of QCD corrections

v gr-resummation is an efficient method to compute H.O. for DY
v (Complete) NNLL+NNLO QCD corrections; N3LL" available

Part 2: Including mixed QCD-QED effects

v Mixed resummation applied to Z production (uses a new
formalism!)

v Results: Non negligible (few percent) effects at low ptil!

v Work-in-progress to describe mixed QCD-QED effects for W
boson production






