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Introduction

Despite the fact that the Standard Model (SM) keeps for oneself the
status of consistent and experimentally confirmed theory, the search
of New Physics (NP) manifestations is continued:

the supersymmetry,
M-theory,

DM-particles,

axions,

feebly interacting particles,
extra spatial dimensions,

P i e i ol ol o o

extra neutral gauge bosons, etc.

One of powerful tool in the modern experiments at LHC is the in-
vestigation of Drell-Yan dilepton production

pp =7, Z— 11X (1)

at large invariant mass of lepton pair: M > 1 TeV.
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Drell-Yan process (1970, BNL)

Figure 1: Drell-Yan process with neutral current
X /S is total energy in c.m.s. of hadrons

X Mis dilepton IT1~ invariant mass (1 = e, ;1)
* y is dilepton rapidity
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Current experimental situation at CMS LHC

% The measured Drell-Yan cross sections and forward-backward
asymmetries are consistent with the SM predictions at

VS = 7-8 TeV (19.7 fb 1) for M<2 TeV,
VS =13 TeV (85 fb™1) for M<3 TeV

% differential cross section g—&,
% double-differential cross section %,
y
% forward-backward asymmetry Agg.
< NNLO RCs are taken into account by using of FEWZ 3.1

% NNLO PDFs are CT10 NNLO and NNPDF2.1.
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Some modern codes for NLO and NNLO RC for DY

process at hadronic colliders (in the ABC order)
*
*
*
*
*
*
*
*
*
*
*
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DYNNLO (S. Catani, L. Cieri, G. Ferrera et al.)

FEWZ (R. Gavin, Y. Li, F. Petriello, S. Quackenbush)
HORACE (C.Carloni Calame, G.Montagna, et al.)
MC@NLO (S. Frixione, F. Stoeckli, P. Torrielli et al.)
PHOTOS (N. Davidson, T. Przedzinski, Z. Was et al.)
POWHEG (L. Barze, G. Montagna, P. Nason et al.)
RADY (S. Dittmaier, A. Huss, C. Schwinn et al.)
READY (V. Zykunov, RDMS CMS)

SANC (Dubna: A. Andonov, A. Arbuzov, D. Bardin et al.)
WINHAC (W. Placzek, S. Jadach, M. W. Krasny et al.)
WZGRAD (U. Baur, W. Hollik, D. Wackeroth et al.)



Code READY and a set of prescriptions

In the following the scale of radiative corrections and their effect
on the observables of Drell-Yan processes will be discussed using
FORTRAN program READY: (Radiative corrEctions to |Arge inva-
riant mass Drell-Yan process).
We used the following set of prescriptions:

% standard PDG set of SM input electroweak parameters,
“effective” quark masses (Aaﬁizj(m%) = 0.0276),
5 active flavors of quarks in proton,
CTEQ, CT10, and MHHT14 sets of PDFs,

*
*
*
X choice for PDFs: Q = Mg = M.
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CMS detector setup

We impose the experimental restriction conditions

X on the detected lepton angle —(* < cosf < (* and on the
rapidity |y(l)] < y()*; for CMS detector the cut values of (*
and y()* are determined as

y(I)* = —log tan% =25, (" =cosf* ~0.986614,

& the second standard CMS restriction pt(l) > 20 GeV,

X the “bare” setup for muon identification requirements
(no smearing, no recombination of muon and photon/gluon).
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Mathematical Content

At the edges of kinematical region (extra large VS, M) the impor-
tant task is make the RC procedure both accurate and fast. For the
latter it is desirable to obtain the set of compact formulas for the
EWK and QCD RCs.

Leading effect of Weak RCs in the region of large M is described
by the Sudakov Logarithms (SL, V. Sudakov, Sov. Phys. JETP
3, 65 (1956)):

mg

log I (B=Z,W; r=s,t,u). (2)

Collinear Logarithms (CL) play leading role in description of QED
RCs and QCD RCs:
m¢

|ogW (f: e u,q; r :S,t,U). (3)

V. A. Zykunov Electroweak corrections to dilepton production via photon fusio



Notations, invariants, coupling constants

The standard set of Mandelstam invariants for the partonic elastic
scattering:

s=(p1+p2)? t=(p1—k1)? u=(ki—p2)* (4)

The propagator for j-boson depends on its mass and width:

Do 1 (5)

2 T
s—mj+|mjl'j

Suitable combinations of coupling constants are:

i .. . SO .
M =vpvl + agal, A = vial + apv}, (6)
3 2 3
v _ v _ z_ W—-25,Q - I
vi = —Qf, af =0, vi = , af = .
2SWCW ZSWCW

V. A. Zykunov Electroweak corrections to dilepton production via photon fusio



Main features of EWK and QCD RCs calculation

The Feynman rules, renomalization detailes, etc. are inspired by
M. Bohm, H. Spiesberger, W. Hollik, Forschr.Phys. 34, 687
(1986):

X the t’'Hooft—Feynman gauge,

X on-mass renormalization scheme (o, s, myy, mz, my and
the fermion masses as independent parameters),

% ultrarelativistic limit.

QCD result can be obtained from QED case by substitution:

N2-1
N2 -1 4
chla — ; tataas == Wlas — EOZS, (7)

here 2t? — Gell-Man matrices, N = 3.
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Two mechanisms: DY and ~v

Figure 2:  lpouecc poxaeHuss annenToHa B afpOHHbIX CTOSIKHO-
BeHusX: cnesa — npouecc Apenna—9Ha c suptyanbHbiM (OTOHOM,
crnpaBa — mexaHusm (oToHHOro cnusinus. Ha nuHnsax ykasaubl Ha-

3BaHuA 4actuuy.
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~vv-fusion Born: diagrams and cross sections

P2 P4 Pa

Figure 3:  ®eiiHmaHOBCKMe Amwarpammbl npouecca vy — [~/T B
O0opHOBCKOM MpubanxeHuu.

Parton level: - )
2ra‘t* +u
do]” = dt. 8
%0 2 tu (8)
Hadron level (C = cos#):
d*ag 2¢A B t? + u?
— v = f f —>5 0.
aMdydc ~ o7 B )b () gus =2y © )
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DY vs ~~: diff. cross section do/dM
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Figure 4:  a — puddepeHynanbHblie OOPHOBCKME CEHEHUS MO UHBA-
dog

puaHTHOi macce 7§ B 3aBucumoctn ot M.
6 — oTHocuTenbHas nonpaska ¢77(M) B 3aBucumoctu ot M.

7Y
577(M) = doy’/dM

=0 . 10
dopY /dM (10)
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DY vs vv: double diff. cross section d?c/dMdy
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Figure 5:  a — pBaxabl audicdepeHuymanbHbie DOPHOBCKME CeYeHUs
dzag

dMdy B 3@BUCMMOCTM OT M npu pas/inyHbIX 3HA4EHUAX .

6 — oTHocuTenbHble nonpasku 677(M,y) B 3aBucumoctu ot M npwu

Pa3/1IN4HbIX 3HAYE€HUdAX y.
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Virtual diagrams: v and Z

v.Z

-,
e

Figure 6: MonosuHa HabGopa heriHMaHOBCKMX AuarpamMm npo-
uecca vy — /7IT ¢ pononHuTenbHbIM BUPTyanbHbIM (DOTOHOM 1
Z-0030HOM: BEpLUNHHbI, COOCTBEHHAsl 3HEPruns 3/1EKTPOHA, DOKC.
OcraBwuecs gnarpaMmmbl Nnosiy4ardTCA 3aMEHON p; < Pa.
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Virtual diagrams: W

Figure 7. TMonosuHa Habopa dhelriHMaHOBCKMX AMarpaMmm rpoLec-
ca vy — /71T ¢ pononHnTensbHbIM BUpPTyanbHbiM W-6030HOM: BEp-
LUINHHbI, COOCTBEHHAs 3HEPruus 371eKTpoHa, bokc. Ocraswmvecs gva-
rpamMmbl NONY4HaKTCA 3aMEHOI pP1 <> Po.
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Bremshtrahlung diagrams

L kL

Figure 8: TonosuHa Habopa cheiiHMaHOBCKMX gvarpamm npouecca
vy — [I7ITy. OctaBwumeca anarpaMmmbi MOryT GbITh MOJy4YeHbl 3a-
MEHOW p1 < P2.

V. A. Zykunov Electroweak corrections to dilepton production via photon fusio



Virtual + soft contribution

Bknag oT gononHuTenbHbIX AMarpaMM C BUPTYaibHbIM U MSATKUM
cpoToHaMn NoNHOCTLIO hakTOpU3yeTCs nepes BOPHOBCKUM CeYeHU-
em, cm. Hanp. M. B6hm and T. Sack, Z. Phys. C 33, 157 (1986):

« 4.2 72 3
5QED——<Iog—(L N+ -5+

35 t2+ o [F(t,u) + F(u, t)])

roe konnuneaphblii (“Gonbwoii”) norapudm n norapudm, sasucs-
WWIA OT yrna paccesHnst Takne:

S S
L=log—, Lg=Ilog— 11
og =5 La=log—", (11)

s2+t2 , 3u

f(t7 u) = 2tu st zit

LLg — L.
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Weak contributions: Z and W

Cnabble nonpaskn TakXKe NOAHOCTLIO (DAaKTOPUYHOTCS:

Sz = _;(VZ + aZ)m [Gz(t, u) + Gz(u,t)],

a1 tu
ow = ——— 55— |Gwl(t G t
W 7T4S\2N t2+u2[ w(t,u) + Gw(u, )]7

Npu YCNOBUM aCUMATOTUKM /S > mz, cooTeeTcTByowWel HE-pexunmy,

I'IOJ'Iy‘-IVIM:
312 tlLz tlez t’Lg  t(27 — 272)
GIE(tu) = =t 4+ (L +Llg—1)——5 -2
z (tu) 2u3 + 2u (Lsz+Ls—1) u u? + 12u ’
t2 t /2 3u S5u
GHE(t u) = — (72 — L2 f(f L2>——L L4+ M
w (t,u) su(” sw)JFu 3+ twW 2t twW st+4t,
rae CyaakoBCKue norapudmsi:
—t
Lig =log—5, L —log—y; B=2ZW.
mg mg
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Independance of unphysical w
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Figure 9: OTHocuTenbHblie nonpasku 0°%C k an . cevenunto <
dM

(BMpPTyanbHbIli U MSArKUA BKIAA, XXECTKU BKMIag U UX CymMma) B
3aBmMcumocTu ot w (poxxaeHus aumiooHa, M=2 TaB).

do}l,/dM
M) = T
7y /
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ElectoMagnetic corrections to diff. cross section do/dM
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Figure 10: lMonHble OTHOCUTE bHbIE 3/IEKTPOMArHMTHbIE NONPaBKU

§RC(M) k 4o B 3aBucumocTu ot M.
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ElectoMagnetic corrections to double diff. cross section
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Figure 11: [MonHble OTHOCUTE/IbHbIE 3/IEKTPOMArHMTHbIE NONPaBKU

RC d’oq
(M, y) dMdy B 3aBMCMMOCTM OT M npw pasivyHbIx y.
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ElectoWeak corrections to diff. and double diff. cross

sections
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Figure 12: (a) oTtHocuTensbHbie 3nekTpocnabdbie nonpasku k andd.
ceyeHuto B 3aBucumoctn ot M,

(6) nonHble oTHOCUTENbHbIE 3N1€KTPOCIabble NONPaBKU K ABaXAbl
andd. ceveHno B 3aBucnmMocTu ot M npu pa3nuydHbIX y.
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Total cross sections: standard CMS bins
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Forward-backward asymmetry App

AcnmmeTpus Bnepea-Hasan App — BaXHasa Habnrofaemas ans pox-
OEHUST AWENTOHA B AAPOHHBLIX CTOJKHOBEHUSIX — UMEET ABOSIKYHO
npupoay (3nekTpocnabyto n KNHEMaTUHECKYHO):

h h

Op — O
App = +——B 13
FB ool (13)

rae
ot — ceuenne “snepen” (cos* > 0),
ol — ceuenve “nasag’ (cosf* < 0).

B cucreme Konnunza—Conepa cos 6" BeirnsaguT tak:

tt1 — uup

cos§* = sgn[xa(t +uy) —x1(t; +u
sgn[xa( 1) = x1(t1 + u)] My/s(u + t1)(ug +t)

(14)
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Boundaries for Forward and Backward regions

B cnyyae GespagmaumoHHON KUHEMATUKM BblipaXkeHue gnsi cosf*
nmeeT ocobeHHO NpocToii BuA:

_ 1 -y _(1_C)eY
u—t _ senfed—e Y] (1+C)e (1-Ce

COSH = sgn[xl—X2] s (1 + C)e_y =+ (1 — C)ey .

Pewas ypagHenune cos* = 0, nonyunm aBa ycnoBust Ha rpaHuuy,

< h h.
pasgensitollyto obnactu ceveHnii op n op:

y=0, C=cosf=thy.
Ycnosue |cosf| < (* — TpuBmanbHo, a | cosa| < (* — HeT:

6 — th infth
y + arcsin smry> = +£*,

Cos (a rccos

roe

r= \/1—2c050thy+th2y.
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Forward and Backward regions
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Figure 14: (a) obnacTu uHTerpupoBaHusi onsi ceveHuii Bnepes, alfl 7]
Ha3ag ol B nepemenHbix y u cosf (rpaHuubI ONWCbLIBaAIOTCA ypas-
HeHusimm y = 0, cosf = thy, cosf = +(* n cosa = +(*, roe
¢* ~ 0.986614), (6) Toukamu Ha auarpamme 0603HaAYEHbI pa3birpaH-
Hbie C nomouwbio nporpammbl VEGAS cobbiTusi, cooTBeTcTBYIOULME

obnacrtu “Hasapg’.
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Interplay of DY and ~~ for Apg: numerical effect
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Figure 15: BopHoBCKNE acCMuMMeTpuun Bnepea-Ha3ag, poXXaeHust auv-
MiooHa B 3aBucumoctu ot M B ycnosusax CMS LHC: mexaHusm
Openna—fHa (ToHkass nuHMA), C y4eTom 0BOUX MexXaHW3IMOB —
Openna—5Ha n doToHHOro cnusinus (XKupHas nnHus).
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Interplay of DY and ~~ for Apg: explanation

Tak kak GopHosckuii npouecc POTOHHOrO CNUSIHUS UMEET YUCTO
3/1eKTPOMArHMTHYIO NPUpPoAY, ANs Hero

7Y
A =0,
OTKYAa 3aK/I04aeM, 4TO

VY Y
op =op = A.

Ceuenne POTOHHOrO CNUSIHUS CTAHOBUTCS CPABHUMBLIM C CEYEHWEM
npouecca [penna—na Ttonbko npu bonbwux M. Packnagbisas
aCUMMETpPUIO, OBYCNOBNEHHYIO CyMMaPpHbIM 3dbdbekToM, B psig no A,
noay4nm

ADY+’Y’Y ~ ADY 1-— 2A
FB ~ MFB DY :
F+B
OnucbiBaemblii 3dhekT noHmxKeHns acummeTpun npu bonsbwmnx M
BUAEH Ha puc. 15, HaunHas ¢ M~300 MB.
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App for Run3 of CMS LHC:

Arg
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Figure 16: AcummeTtpus Bnepea-Hasag App ans u'u~ -poxaeHus:
(a) Iyl <1,(6) 1 <|y| <1.25,(B) 1.25 < |y| < 1.5, (r) 1.5 < |y| < 2.5.
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r Run3 of CMS LHC:
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JR—

L

Figure 17:  App ansa ete -poxgenus: (a) |y| <1, (6) 1 < |y| < 1.25,

(8) 1.25 < |y| < 1.5, (r) 1.5 < |y| < 2.5.
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Figure 18:
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AcummeTpus Bnepea-Hasag, Apg gna utu-poxaeHus.
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