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[Corrections to pp = ete utu~ + jets ]

% Approximated EW corrections (EWvirt, EWsud)
% Fixed-order EW NLO
+ Multi-jet merged with EW corrections
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EW virtual corrections have Sudakov-like enhancement: ;———
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\S. Bréiver, et al. [arXiv:2005.12128 [hep-ph]
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soft-collinear approximation

Has all the EW NLL of the high energy limit
Important finite corrections

Non-trivial EW scheme dependence

Needs actual virtual ME, i.e. costly for high multiplicity
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EVW virtual corrections have Sudakov-like enhancement:
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soft-collinear approximation

E Bothmann, D. Napolitano [arXiv:2006.14635 [hep-ph]]

cNLOEW — B(®) + V(D) + d<I> R(®-®)) =~ B(®) + Vy; [ (P) + Iy (D)
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soft-collinear approximation

~

Has all the EW NLL of the high energy limit

Sudakov logs can be factorized and then exponentiated

Applicable to any final state multiplicity

Lacking of non-trivial scheme dependence and finite terms
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Fixed-order EW NLO

LL
pp —ete utu fiducial cross section corrections to LO
Scheme Region LO NLO EW  LO+EW;+YFS LO+EWgq+YFS LO+EW.E+YFS NLO EW 4 NLL EW_ !
G, inclusive 9.8189(2) fb —6.8% —79% —73% —72% —6.7%
Oz(M%) 10.928 fb —19.4% —20.2% —T7.7% —7.6% —-19.3%
s M) 11.3% —3.8% —3.6% 10.8 % 10.8 % —3.7%
G, high energy 4.27-1073fb —42% —45% -39% -33% —36%
ZZ+1jet

pp —ete putuj fiducial cross section corrections to LO
Scheme Region LO NLO EW LO+EWg;¢ + YFS LO+EWg 4+ YFS LO+EW. )+ YFS NLOEW+ NLL EW_F
G inclusive 5.1698(1) fb —6.6 % —8% —6.9% —6.7% —6.4%
a(M3) 5.754 fb —19.2% —21% —6.9% —6.7% —19.0%
se M2 11.29% ~3.7% 3% 11.3% 11.3% ~37%
G, high energy 6.64-10"3fb —33% —37% —-30% -25% —29%

Fiducial cuts
pr;>20GeV  pp;>30GeV

AR, > 0.1 AR, > 0.4
\_ ' W,
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Fixed-order EW NLO - Scheme variation

LZ
pp —ete utu fiducial cross section corrections to LO
Scheme Region LO NLO EW  LO+EW;+YFS LO+EWgq+YFS LO+EW.E+YFS NLO EW 4 NLL EW_ !
G, inclusive 9.8189(2) fb _6.8% —79% —73% —72% —6.7%
Oz(M%) 10.928 tb —19.4% —20.2% —7.7% —7.6% —19.3%
setMe) 113% —3.8% —3.6% 10.8% 10.8% —3.7%
G, high energy 4.27-1073fb —42% —45% -39% -33% —36%
ZZ+1jet

pp—ete ptpT]

fiducial cross section

corrections to LO

LO NLO EW  LO 4+ EWy;¢ + YFS

LO +EWg a4+ YFS LO+EW, Y+ YFS NLOEW+ NLL EW_F

Scheme Region ud
G inclusive 5.1698(1) fb —6.6 % —8% —6.9% —6.7% —6.4%
a(M2) 5.754 b ~19.2% _21% ~6.9% —6.7% —19.0%
T = S /D N CEXD N L .
G, high energy 6.64-10"3fb —33% —-37% —-30% —25% —29%

(

EWsud has a LO-like scheme dependence — worse agreement

Fiducial cuts
pr;>20GeV  pp;>30GeV

ARy > 0.1 AR, > 0.4

\_

J
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Fixed-order EW NLO - Correction impact

LL
pp —ete utu fiducial cross section corrections to LO
Scheme Region LO NLO EW  LO+EW;+YFS LO+EWgq+YFS LO+EW.E+YFS NLO EW 4 NLL EW_ !
G, inclusive 9.8189(2) fb (-68% —7.9% —~7.3% —7.2% —6.7% ).
Oz(M%) 10.928 fb | —19.4% —20.2% —7.7% —7.6% —-19.3% ’.
s M) 11.3% —3.8% —3.6% 10.8 % 10.8 % —3.7%
G, high energy 4.27-1073fb —42% —45% -39% -33% —36%
ZZ+1jet

pp—ete ptpT]

fiducial cross section

corrections to LO

Scheme Region

LO

NLO EW LO +EWy,t +YFS LO+EWg4+ YFS LO+EWSEP+YFS NLOEW + NLL EW_

sud sud
G inclusive 5.1698(1) fb (—6.6% —8% —6.9% —6.7% —6.4%):
a(M2) 5.754 b \=19.2% —21% —6.9% —6.7% ~19.0%
se M2 11.29% ~3.7% 3% 11.3% 11.3% ~37%
G, high energy 6.64-10"3fb —33% —-37% -30% -25% —-29%
[ Fiducial cuts A

EWsud has a LO-like scheme dependence — worse agreement pr,>20GeV  pp, > 30GeV

— . |y] < 2.5 |y, <45
All the approximations reproduce quite well the NLO EW result 04

: : - : : ) P, ARy, > 0.1 AR;; > 0.

Magnitude EW corrections similar between 0 and 1 jet — extra jet doesn’t affect charge distribution | >0 b )
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Fixed-order EW NLO - Differential XS

L7
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ﬁ E —— LO 4+ L 10 E —— LO Ei
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C 1% = u a7
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06 | I RN AT AR N AT NNRN SN N B 0.6 = T T T T R T e T
0 100 200 300 400 500 oo 700 Boo 900 1000 0 100 200 300 400 500 oo 700 8po 900 1000
Pr2e [GeV] pre [GeV]
Scheme Region LO NLO EW LO+EW.;t+YFS LO+EWg,q+YFS LO+EW.EP+YFS NLO EW + NLL EW_ D
Ojet G, high energy 4.27-10731b —42% —45% -39% -33% -37%
ljet Gy high energy 6.64-10"3fb -33% —-37% -30% —-25% —29%

High energy cut: p;,, > 600 GeV
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Fixed-order EW NLO - Differential XS

do/ derh [fb/GeV]

0/ ONLO EW

0/ ONLO EW (no interf.)

ZZ+1jet

Finite real contribution
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Adding a jet veto to reduce the activity of this 4 quarks
process would allow the approximations to be even
closer to the fixed order

S. Brduer, et al. [arXiv:2005.12128 [hep-ph]])
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Multi-jet merged - Structural analysis

How are the EW approximations taken into account 2

Example case MEPS@NLO:
B=B+V+I Real subtracted

dai]zv[EPS@NLO - dq)nm ®11<Qc) Fn (ﬂé; Qc> + d(bn+l@n ((Dn#—l) ®n(Qc) @ (Qc o Qn+1) Fn+1 (ﬂé; Qc>

l l

= == EW EW EW Vn + In
Bn — Bn (1 + 5’1& > H — H, (1 + 51'1,H> > 5,1 = ———  Multiplicative
n
V. +1
N 55W — —”_+ L Additive
B

n

For this reason we need to

EWvirt is applied only to 57, i.e. to lower multiplicity configurations — practical/technical choice —— | check what is the impact
’ S. Bravuer, et al. [arXiv:2005.12128 [hep-ph]] of the H events

Actually EWvirt is applied
also to higher multiplicity
LO events through a k-
EWsud is applied to 5,%/, St 57152/, where 55,27 is applied to LO events factor strategy... see back-
up slides

EWsud exponentiated applied similarly: 1 + 5,§W — exp (5,§W>
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Multi-jet merged - Structural analysis

How are the EW approximations taken into account 2

Example case MEPS@NLO:
B=B+V+I Real subtracted

Ao SN0 = 0B, (®,) 0,00 F, (15 0.) +d®,., (H, (®,.,)) 0,000 (0.~ 0,01))Fons (15:0.)

l l S

= == EW EW EW Vn + In
Bn — Bn (1 + 5’1& > H — H, (l + 51'1,H> > 5,1 = ———  Multiplicative
n
V. +1
N 5:3W — —”_+ L Additive
B

n

Expected to be small due to p.s. constraints

S. Bravuer, et al. [arXiv:2005.12128 [hep-ph]] of the H events

For this reason we need to
EWvirt is applied only to 57, i.e. to lower multiplicity configurations — practical/technical choice —— ||| check what is the impact

Actually EWvirt is applied
also to higher multiplicity

. . . . LO events through a k-
EWsud is applied to 67, 854, 5,{52/, where 55,27 is applied to LO events factor strategy... see back-

up slides

EWsud exponentiated applied similarly: 1 + 55W — exp (5,§W>
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Multi-jet merged

pp — eTe” utu~ + jets fiducial cross section [fb] corrections to MEPS@QNLO
Scheme MEePs@Lo MEPs@NLoO XEWyirt+YFS  xEWgq+YFS  XxEWSEP+YFS
G, 11.101(13) 13.342(7) —4% —4% —-3%
Z7 fixed-order case: —7.9% —7.3% -7.2%
r 2 Ratio taken with respect of the fixed order LO for
s oty which YFS was not enabled. It alone would bring a
pp ceHnH 4% correction making up for the difference
NLO
pp = eteTutuTj
pp — ete utuTjj
LO
pp — ete utu” jjj
Merge cut of Q. = 30 GeV
\. J
r D
pp = eteTuTu”
LI
pp —ete utuTj
\. J
é )

Fiducial cuts
pr;>20GevV  pp ;> 30GeV
ly] <2.5 |yj|<4.5

AR, > 0.1 AR > 0.4
\_ ' W,
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Multi-jet merged - Invariant mass

Fiducial cuts
pr;>20GevV  pp ;> 30GeV
ly] <2.5 |yj|<4.5

ARy, > 0.1 AR > 0.4

\_

a4 )
pp = ete utu”
NLO
pp =~ eteptuT
pp — ete utuTjj
LO
pp — ete utu”jjj
Merge cut of Q. = 30 GeV
\. J
r )
pp — ete utu”
LI
pp —ete utuTj
L J
( )

J

13

pp — eTe” utu~ + jets fiducial cross section [fb]

corrections to MEPSQNLO

Scheme MEePs@Lo MEPs@NLO XEWyirt+YFS  xEWgq+YFS  XxEWSEP+YFS
G, 11.101(13) 13.342(7) —4 % —4% —3%
ZZ fixed-order case: —7.9% - 7.3% - 7.2%
Ratio taken with respect of the fixed order LO for
which YFS was not enabled. It alone would bring a
4% correction making up for the difference
Structure of MEPS@NLO Pheno
pp— e e uT +ijets, /s =13TeV pp —ete T +jets, /s = 13TeV
—_ —1 1
% 10 ‘ T T E(ED % 10 T I L L BB L . E%)
QO 1o my O ,,2 1
= il < 10 =5
=) ., 1% = %
F10 7 = =29 <103 =9
S E 15 S Gl
510t e =5 S0t =Z
T -5 L —+ M=ePs@Nio QCD + YFS BT 18
- =
- —— +EWyy 5 7 197 E —— MgPs@Nio QCD + YFS £
10°° E —+- xXEWyp E § 100 —+- x EWvyire = ?
- E E 30
10_7 o X EWSud — l:; 10_7 Lo % EWSud - l;
¢ T MEPs@Lo x EW,q + YFS 3 = =l - xEWgh 3
- (> QCD k-factor) E 10" £ |- 4 MePs@Loor? E
:H}WHH}HH}HH}HHE 7HH}HH}HH}HH}HHg
1.4 (— o
s tE 5 o YE ]
é 1.2 - e g 1.2 —
ém 1 7? :7 &D Z.I ----- D R e [ T e it .--|..._.|.._..|.:
Eé%l c g g@ i E iy e -
N eSS = S 08F A e 1]
B 06 i —— _; 5 F ——I—1—|L.'_'p_-r;:_.....: “‘E
1 S } b } e ] } - } e R g 0.6 Eococ o b b b
S 08| —— 5 0j -+- HO0j 2j - 0 500 1.0-10° 1510° 2.0-10° 2.5-10°
z - S 1j H 1 —— 3j ] Moy [GeV]
€. 06— —
55 - —
9 e =
~ . — -
5 02— =
c \ I I
0 [ L | | L 1 | p s g L 1 |
0 500 1.0-10° 1.5 -10° 2.0-10° 2.5 -10°

GEORG-AUGUST-UNIVERSITAT
GOTTINGEN

G




Multi-jet merged - 4-lepton transverse momentum

a4 )
pp = ete utu”
NLO
pp =~ eteptuT
pp — ete utuTjj
LO
pp — ete utu”jjj
Merge cut of Q. = 30 GeV
\. J
r )
pp — ete utu”
LI
pp —ete utuTj
L J

[ Fiducial cuts )
pr;>20GeV  pp ;> 30GeV
|yl <2.5 ly;| <4.5
AR, > 0.1 AR, > 0.4
\- y

14

pp — eTe” utu~ + jets fiducial cross section [fb]

corrections to MEPSQNLO

V10DHY /SIOOTNEII)+VIITHG

Scheme MEPS@LO MEPS@NLO KEWyirt+YFS  xEWq+YFS xEWZPLYFS
G, 11.101(13) 13.342(7) —4 % —4% —-3%
ZZ fixed-order case: —7.9% —-7.3% —-72%
Ratio taken with respect of the fixed order LO for
which YFS was not enabled. It alone would bring a
4% correction making up for the difference
Structure of MEPS@NLO Pheno
pp—ete pt T +jets, /s =13TeV pp — e e utuT +iets, /s = 13TeV
% 1 % L L B L B B %cmn 5 1 LA I B B B B B B AR R R
C aH () = 3
O 1o k — MEePs@NLoQCD +YFS 1% G 10 Erasen — M=Ps@NLo QCD +YFS
£ LE = 4+ EWyj Eh ) & —t - X EWyyy 3
F10E —+ = X EWyiy = % FU0CE L x EWgud E
3¢ = — N C .
L X EWg,q 48 Bk - xEWSE s
%’ W —+— MEPs@Lo x EW,q + YFS 78 SO & - = 4+ MgPs@Loor? 3
< ? (x QCD k-factor) ?Q 5 10 4 = E
1077 = =8 1070 -
i i : :
107 = > 10" £ =
107 ;? 10/ ; 3
B o e b b b b by by ] - | | | | | | | :
[ [ [ [ [ [ [ T TR TR TR T TR TR TR |
1.4 £ | | | | | | = I — T T I T T T ]
. M : ETi=an | | | | | p=
& L ER T E
%8 1 E } — e 1 E PP 4 Peeen]|
C n =1 @) = U —
% sf [t E R Sl = S :
5 o8F R : . - 5 o8 R T ATl RLL Y S e
B - 1 i = = = N - 'l—l—,;a_'_;_.éi;u._ ——
0.6 R R BRI R AR R i 0.6 — | | | | | .M\H)"%
1 T ‘ T ‘ [ 1T ‘ T 1T 1T ‘ [ T T T T I — I — I |
2 o8 = —— S0j -+- HO0j 2j = 0 200 400 600 8oo 1.0-10°  1.2:10°  1.4-10°
et O C |
Z :_l S 1j H 1j —— 3 3 Pr2e2y [GeV]
%D 0.6 — I J J — “
=0 C E
g 04 = : =
~ L ]
5 02— J_’_|_|—'_‘ =
1) = P —— T ——! 1 S l T p— l IR l Y —_ l I — l | =
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Multi-jet merged - Jet’'s number

pp — eTe” utu~ + jets fiducial cross section [fb] corrections to MEPS@QNLO
Scheme MEePs@Lo MEPs@NLoO XEWyirt+YFS  xEWgq+YFS  XxEWSEP+YFS
G, 11.101(13) 13.342(7) —4% —4% —-3%
ZZ fixed-order case: —7.9% - 7.3% - 7.2%
r 2 Ratio taken with respect of the fixed order LO for
s oty which YFS was not enabled. It alone would bring a
pp ceHnH NLO 4% correction making up for the difference
pp—eteutuT
Structure of MEPS@NLO Pheno
oto— Yy =11
[?p — € é€ //l //l .]] LO ) pp N e+e*]/{+‘u* +jetS, \/g =13 TeV ) PP — €+€7]l+]l7 +jetS, \/5: 13 TeV
o ottty i 2 °F | & g | | iz
pp e e pupnjj P C 1z 5 B 17
s S-S 13
Merge cut of 0. = 30 GeV 3 s 5 . 19
\ erge cur o c e o 1= =L < 1= lese———— =2
J E J E J
- —— MEPs@NLo QCD + YFS 18 - 18
L~ + EWyy 7% | —— MEePs@NLo QCD + YFS :%
- \ 107! & -+=- x EWVirt — § 107t -t x EWVirt (@3
=+, T X EWgyg =5 - v X EWgyg J%
pp = ete utu ~ —— MePs@Lo x EW, 4 + YFS ] - -l- < EWghH ]
LI - | (x QCD k‘-factor) | ‘ ‘ 7 - =+ - 4 MzPs@Loor’ 7
t o=t —
pp = €T U] ] | | | — T | | | —
\ J ° = ] 9 B =
éo 1.2 ; 7: é 1.2 :.- . . I 0 *:
i = — — Tt - -
§8 ! F ool R Eg ! nl S ey Yy W YT N
% 08 [ = § 08 - =
[ Fiducial cuts ) 06 | | | R 06 | |
5 08— —H— 5 0; ~+- HO0j 2j ° . 2 3 4
pr;>20GevV  pp ;> 30GeV 5 E S1j H 1j ——3 Niet
' it - 3
S8 o4 =
|yl <2.5 ly;| < 4.5 O :
’ b O~2 j e ———— i
E_ | = | % | i =
ARH/ > 01 AR[] > 0-4 © (] 1 2 3 4
k J I\]jet
15 GEORG-AUGUST-UNIVERSITAT J
GOTTINGEN \AZ




Conclusions

Fixed order

16

L X4

L X4

L X4

L X4

EW corrections for ee u*u~ production at high energy is dominated by Sudakov logs, well visible in differential
and total XS

EWvirt and EWsud can replicate very well the NLO result

We have studied for the first time the NLO EW for eTe u*~j showing that the addition of extra QCD radiation
does not affect the EW charge distribution

Possibility to match the resummed Sudakov logarithms to the fixed order calculation.

Effect —> harder spectrum

Phenomenological study

7
%

Shown how to implement EW corrections in a general simulation (MEPS@NLO)

Structural analysis of the samples have shown that the way the EWvirt is applied is not spoiled by H-events
Also in this setup the EW corrections are very sizeable for observable with an energy scaling

Resummation of Sudakov logarithms

Loop induced corrections up to 1 jet do not affect the magnitude of the EW corrections

EW corrections largely exceeds theoretical uncertainty — they need to be taken into account in a general simulation
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Thanks for the
attention




Back up - Scale-less observable

77 ZZ+1jet
+ -t -
pp—e e uu ,\/s=13TeV pp —ete utuTj, /s =13TeV
o L L R R L L L L L e — T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [T T T T T TTT]Wn
é 101 ? ——— ég é 101 E- ‘ ‘ ‘ ‘ ?E
- 15 & C Ek
2 - 18 K - 1%
% 1 = === - — = < 1 — ig
= = o] E e
< - 12z ~ - =
% - N 1 S - =
B NLO EW 18 s — NLO EW 18
10 ' E LO EL 10 ' E LO EL
- _ ~ = = LO+EWy;+YFS 18 - ==~ LO+EWy;+YFS B
102 = | | LO+EWSud+YFS ég 1072 = LO+EWSud+YF5 ég
= - = LO+EWSP 4YFS g - -+ = LO+EWg h+YFS =
— — exp — — — exp -
103 NLO EW+NLL EW,q _ L NLO EW+NLL EWg.h N
B R
E 14 | | | | = E I
Q 1E — = 9 =
< = o . Z B
8 P m .9 -
o 0.8\ — / — Q —
g = - ks =
m 06 I I | I | I ‘ I | ‘ I ‘ I ‘ | R I I ‘ L1 11 ‘ I | ‘ L1 11 ‘ L1 11 ‘ L1117
0 1 2 3 4 5 6 7 8 8
ARZE,Zﬂ ARZE,Z‘M
YFS captures rather well the real emission correction The entire region is already populated at LO
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| MEPS k-factor |

dgz};C:;M,%PS@NLO — d(I)n(anLo ((I)nNLO ((I)n) ,(I)nNLo_H ((I)n))J B, ((I)n) @n(cht) Fn (:uz); cht)

max max max max

|

_-Em ((I)m) H,, ((I)m 1) H,, ((I)m 1)
o (P Pm1) = B (@) (1 Bt ((I’nitl)) " Bit1 (@;ﬂ)

Improved resummation by EWYvirt

kEW ((I)na (I)n—l—l) —

matched,n

En (CI)n) [exp <5£1\?1{n((1)n)) B 551\(]}/:71((1)71) N 55}2}51’"5((1)71)] ( Hn ((I)n+1) ) Hn ((I)n—l-l)
B, (®,,) exp (551%\7,”((1)”)) Brt1 (Pri1) Bri1 (Prt1)
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Fixed order

doNLO B NS g (@) fexp (S5 (0) ) - 25 (@) + 0PV(@)|

Multi-jet merged

Bn — En [exp (5sud n S) - 6sud JT,S T 5V1rt TS and Hn — Hn exXp (551\(]3}{”7]1{)
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1
drYFS = dlg - e o) N *— [ [ dy, - S (ki) O(K) — weut) | - C
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