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OUTLINE

Charge asymmetry at the Tevatron and the LHC

NLO QCD and EW corrections to ¢V, (V = H W, Z)
- Completely automated results at 8, 13, 100 TeV and 1n a boosted regime

ttV and ttV'V at NLO QCD (V radiation is EW!)

- Completely automated results and total cross section energy dependence
- Asymmetries in £tV at NLO in QCD

Single top and its pathologies

Conclusions



Charge asymmetry
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Same mechanisms at the matrix level for Tevatron and the LHC




At LO partonic processes are not asymmetric.
QCD produces the asymmetry only at NLO!
NLO 1n the cross-section, LO 1n Arg
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At LO partonic processes are not asymmetric.
QCD produces the asymmetry only at NLO!
NLO 1n the cross-section, LO 1n Arg

A N CVQNQ T OéiNl T C\f?OéNl—l—O/SLNQ—F“' N1 Nl 042 N()
FB= 175 = = = = Qg + Q |
D a? Do + O@DO -+ Oz:;Dl -+ OJEOle + .- Dy Dy O‘% Dy

gg 1nitial state does not contribute to Tevatron and LHC asymmetry numerator!
g-gbar QCD contribution only from interactions between 1nitial and final state!

N VIRTUAL (Only Boxes)
o 1 NO UV, NO Coll. Div.
S DO Only IR

REAL
Only the interference of initial- and final-
state gluon emissions 1s asymmetric.

Kuhn, Rodrigo "99 Initial



Ny It 1s useful to divide the electroweak contribution into
Dy a QED (photon) and a weak (Z) part.

ED The QED contribution can be easily obtained from the QCD calculation and the
Q substitution of one gluon into one photon in the squared amplitudes.

qq — tt qq — ttg

, q g t
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Ny It 1s useful to divide the electroweak contribution into
Dy a QED (photon) and a weak (Z) part.
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M Esz DIFFERENCES:
¢ 7 YT Only couplings and color factors!
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Hollik, D.P. 11

QED corrections can be obtained
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App = = = —= - =s— +a—— + ——
kB D 042D0+04§D0+04§D1+04304D1+... @ D()—l_aD()—'_Oég Da Hollik, D.P. 11
aNOFP 6 o QED corrections can be obtained
fioen(Qa) = a. Ny QthEa_S from QCD x Rqep

Weak The same diagrams as in the QED part, buty — Z.

Z. 1s not massless — If we write Weak=QCD % Rweak:
Rweak does not depend only on couplings and color factors.



N 2N 3N 2aN AN, 4+ ... N N 2 N ,
@ Vo O V1 O Vs F Qg Vo L L2 Hollik, D.P. 11

A —_— — = — — — as_ _I_ o — _|_ - -
"D T a2hy + a2Dg + a3Dy + a2aDq + - - - Dy Do az Dy

Romn (O = © NQED 00 26 o QED corrections can be obtained
QBD(Kq) = — Ty = Kaldt o - from QCD % Rqep

Weak The same diagrams as in the QED part, buty — Z.

Z. 1s not massless — If we write Weak=QCD % Rweak:
Rweak does not depend only on couplings and color factors.

Different couplings for different
chiralities produce asymmetric
terms in the cross section
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EW CORRECTIONS

Forward-backward asymmetry

(a) A%_B
tt _ _ __
App | p=mt/2 p=me p=2m we = (0.192,0.214,0.237)
O(al) wuu 7.01% 6.29% 5.71%
O(a?) dd 1.16% 1.03% 0.92% R&L 1, = (—0.096, —0.107, —0.119)
O(a2a)gep Ul 1.35% 1.35% 1.35%
O(a2a)opp dd 0.11% -0.11%  -0.11% - Rom depend only on the
> = renormalization scale, not on
O ) weak UL 0.16% 0.16% 0.16% .
OcZa) —= 501 5047 501 Ars definitions and cuts.
L) wea -0. -0. -0. :
= - - - - (with fixed scales)
O(a?) wuu 0.18% 0.23% 0.28%
O(a?) dd 0.02% 0.03% 0.03%
tot pp 9.72%  8.93% 8.31% Hollik, DP ‘11

O(a?«) QED i1s the dominant contribution of the electroweak corrections.
[t 1s stable under factorization and renormalization scale variation.

u and d have different charges: contributions of opposite sign for O(a?a)



Forward-backward asymmetry

] Nt , ]
R, = O(;;;i”o(“ ) = (0.190,0.220, 0.254) R (M > 450 GeV) = (0.200, 0.232, 0.266)
O(a?)
5 NG(a: 2 tt
Rep = QLo () 186,0.218,0.243) R (|Ay| > 1) = (0.191,0.216, 0.246)

No(as)

The complete ratios Rew depend on fac/ren scales, and very slightly on Ass
definitions and cuts.

Hollik, DP ‘11




Forward-backward asymmetry

Ntt_

R, = O(;“V?;f”o(“z) — (0.190,0.220, 0.254) R (M, > 450 GeV) = (0.200, 0.232, 0.266)
O(a?)
p No 2 2 tt
Rep = QLo () 186,0.218,0.243) Riw (|Ay| > 1) = (0.191,0.216, 0.246)
Npp

O(a3)

The complete ratios Rew depend on fac/ren scales, and very slightly on Ass
definitions and cuts.

Hollik, DP ‘11

EW corrections to AFB are not induced by Sudakov logs. However, they
are “‘more 1mportant” than EW corrections to cross sections. 2 Reasons:

- LO cross section is O(«a?), LO numerator of Ars is O(a?)

- The dominant EW contribution ( O(a?a) QED) to the Ass originates only
from boxes: 3 times the number of diagrams of the QCD case.

The QED contribution to the total cross section originates “from vertex
corrections”’: same number of diagrams of QCD case.



Forward-backward asymmetry
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Scenarios - EW contribution 1s relevant.

Czakon, Fiedler, Mitov 14 - NLO?ENNLO, nlo~nnlo.




Forward-backward asymmetry
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Capital: unexpanded
Small: expanded
Red: QCD+EW
Black: QCD

No EW corrections 1in the denominator of:
N(y: > y7) = N(: > y:)
N(y; > y7) +N(yr > y1)

fﬁﬁ'::

- EW contribution 1s relevant.
- NLOANNLO, nlo~nnlo.

Sudakov logs suppress the total cross section
in the denominator (especially for high
invariant mass) and increase the asymmetric
numerator.

Resummed logs increase Ars by a factor 1.05.
(0.5% overlap with NLO EW)

Bin [GeV] ALL(%) | Res(t) | RES(6) | R
2m47,1960] | 7.7 | 7.5 | 1.6 | 1.02 | 1.03 |0.98
2myz,450] | 5.6 | 5.4 | — | 1.02 1.03 | 0.98

(450, 900] 11 | 12 | 2.3 1.02 1.04 0.97

Manohar, Trott ‘12



Charge asymmetry

At the LHC same partonic processes, but different partonic luminosities.

The gluon-gluon luminosity is larger, so the asymmetry 1s smaller.
Gluon-quark 1nitial states start to be “interesting” (per mill).

T'he ratio of integrated luminosities u/ dd at the Tevatron(LHC) 1s 4(2).
‘he cancellation between QED contributions is bigger. The EW contribution
at the LHC is 1n general smaller (~ 15%, 20% of QCD contribution).

\TQED
RoeED(Qq) = a(])ilNl = Qthﬁo%
NE M.=2m; | 0.5 TeV | 0.7 TeV | 1 TeV
7 TeV QCD: AZY (%) | 1.07 (4) | 1.27 (4) | 1.68 (4) | 2.06 (5)
QCD + EW:  ASM (%) | 1.23 (5) | 1.48 (4) | 1.95 (4) | 2.40 (6)
8 TeV QCD: AZY (%) | 0.96 (4) | 1.14 (4) | 1.48 (4) | 1.85 (4)
QCD + EW: AP (%) | 1.11 (4) | 1.33(5) | 1.73 (5) | 2.20 (5)
M,.=2m; | 0.5 TeV | 1 TeV 2 TeV
14 TeV QCD: AS (%) | 058 (3) | 0.74 (3) | 1.11 (5) | 1.72 (10)
QCD + EW:  ASY (%) | 0.67 (4) | 0.86 (5) | 1.32 (8) | 2.12 (10) | Bernreuther, Si 12




Top-quark pair 1n association with a heavy boson

ttv. V=HW, Z

Weak corrections to Higgs hadroproduction in association with a top-quark pair 4 { 121
Frixione, Hirschi, DP. Shao, Zaro arXiv:1407.0823

QCD NLO and EW NLO corrections to ttH production with top quark decays B
at hadron collider tt H
Yu, Wen-Gan, Ren-You, Chong, Lei  arXiv:1407.1110

Electroweak and QCD corrections to top-pair hadroproduction in association tf V
with heavy bosons
Frixione, Hirschi, DP, Shao, Zaro  arXiv:1504.03446 V=H ] W, Z



Top-quark pair 1n association with a heavy boson

ttv. V=HW, Z

Weak corrections to Higgs hadroproduction in association with a top-quark pair 4 { 121
Frixione, Hirschi, DP. Shao, Zaro arXiv:1407.0823

QCD NLO and EW NLO corrections to ttH production with top quark decays

at hadron collider t{ H
Yu, Wen-Gan, Ren-You, Chong, Lei  arXiv:1407.1110

Electroweak and QCD corrections to top-pair hadroproduction in association tf V
with heavy bosons
Frixione, Hirschi, DP, Shao, Zaro  arXiv:1504.03446 V=H ] W, Z

QCD corrections included 1n a consistent framework, with scale uncertainties.
PDF errors for NLO QCD+EW.
Automated results via MadGraph5 aMC@NLO.



ttV production: numerical results

H 1
Alpha(mZ)-scheme, NNPDF2.3 QED, U = 7T, 5 < g, br < 20
Contributions LO QCD 1.O EW
Heavy Boson radiation HBR (pp — ¢tV + V") ' ‘ ‘
is of the same order of NLO EW.
(Does 1t cancel Sudakov logs?) / \ / \ / \

The Photon PDF (with large uncertainties) oo 2o’ o, at
enters in LO EW and NLO EW. NLO QCD NLO EW




ttV production: numerical results

H 1
Alpha(mZ)-scheme, NNPDF2.3 QED, U = 7T, 5 < g, br < 20
Contributions LLO QCD LO EW
Heavy Boson radiation HBR (pp — ¢tV + V") ‘ ‘ ‘
is of the same order of NLO EW.
(Does 1t cancel Sudakov logs?) / \ / \ / \

The Photon PDF (with large uncertainties) oo 2o’ o, at
enters in LO EW and NLO EW. NLO QCD NLO EW

/o, do/dp;

Boosted regime 0

HHU‘ T

pr(t) >200 GeV,  pr(f) >200 GeV,  pr(H)>200 GeV -2 (H: p

S/B increases for boosted tops and Higgs.

Plehn, Salam, Spannowsky ‘10 10 3

Sudakov logs are relevant in these regions! L. . .. W Py WH By
0 100 200 300 400 500 600 700
pGeV]
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Numerical results

ttH production at the 13 TeV LHC ttH : 5(%) 8 TeV 13 TeV 100 TeV
NLO QCD | 25.909%) | 207788 (24.275) | 408737
e ] LO EW 1.8+1.3 1.2+0.9 (2.8 £2.0) 0.0 +0.2
omoacoew — | LOEWnoy | —034+0.0 —0.4-+0.0(—0.24+0.0) —0.6+0.0
e ey NLOEW | —0.6+0.1| —1.24+0.1 (-=8.24+0.3) |—-2.7+0.0
NLO EW no~v | —=0.7+0.0 —1.440.0 (-85+0.2) —2.7+0.0
HBR 0.88 0.89 (1.87) 0.91

MadGraph5 aMC@NLO

¢ ]
________ y,

1 1 1 T 1
ratio over LO QCD; PDF unc.

e 1---

_ R P 1, - ——

relative contributions

NLOQCD —
LO+NLOEW — HBR —-—

LO+NLOEW, noy <

TSI ST S - T o - * - - -
- ]
1 1 L . :

200

400 600
pt(t) [GeV]

Frixione, Hirschi, DP. Shao, Zaro ‘15

(Boosted regime in brackets)

Scale variation

(NLO QCD+EW) PDF var.

ttH



Numerical results

ttZ production at the 13 TeV LHC

LOQCD ---

______

LO+NLO QCD ——
LO+NLO QCD+EW —
LO+NLO QCD+EW, noy

102 £

Pr (t)

—

o|
w
|

MadGraph5 aMC@NLO

ratio over LO QCD; scale unc.

1 1 1 I 1
ratio over LO QCD; PDF unc.

relative contributions

OO A4 aaaa R G G I G}
A 0O NPT DOPRLOITO

0.2 :_ NLOQCD — LO+NLOEW,noy <

LO+NLO EW — HBR —- ]

pr(t) [GeV]

Frixione, Hirschi, DP. Shao, Zaro ‘15

ttZ . 6(%) 8 TeV 13 TeV 100 TeV
NLO QCD 43.21728 45.91732 (40.21117) 50.471%-3
LO EW 0.5+ 0.9 0.0+0.7 (214+16) | —1.140.2
LOEWnoy | —-0.8+0.1 —1.140.0(-0.3+0.0) —1.6%+0.0
NLOEW | -334+03| -3.84+02(-11.1+£0.5)| —5.240.1
NLOEWnovy | =3.740.1 —41+0.1 (-11.5+0.3) —54+0.0
HBR 0.95 0.96 (2.13) 0.85

(Boosted regime in brackets)

Scale variation

(NLO QCD+EW) PDF var.

ttZ



Numerical results

107

ttW™ production at the 13 TeV LHC LW 0(%) 8 TeV 13 TeV 100 TeV
NLO QCD 40.8115 50.17152 (59.77189) | 156.41350
A Loaco --- LO EW 0 0 0
A I__!___ LO+NLO QCD —— 7
» LO+NLO QCD+EW — LO EW no Y 0 0 0
10 oo aep e NLO EW —6.9+02 | =7.74+02(=192+0.7)| —9.34+0.2
]l¢ NLDOEWnoy | —=7.14£02 -8.0+0.2 (—20.0+0.5) —9.6+0.1
E HBR 2.41 3.88 (7.41) 21.52
3 12 : :
10 (Boosted regime 1n brackets)
17 E ratlio overl LO QbD;sclelIe uncI:. | | I _L___;
1o i Scale variation
1.4 F o=
13 F | | =
1.7 ratlio overl LO QbD; PDF uncl. A_f
1.6 —
4k 1 (NLO QCD+EW) PDF var.
1.3 | | ]
0.6 3 relative contributions T:
0.4 — NLOQCD — LO+NLOEW, noy ¢
02 F LO+NLOEW — HBR —= 3

Frixione, Hirschi, DP. Shao, Zaro ‘15
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Numerical results

ttW" production at the 13 TeV LHC

LOQCD ---

LO+NLOQCD ——
LO+NLO QCD+EW —
LO+NLO QCD+EW, noy ¢

MadGraph5 aMC@NLO

ratio over LO QCD; scale unc:

1 1 1 I 1
ratio over LO QCD; PDF unc.

» NLOQCD — LO+NLOEW,noy <
- LO+NLO EW — HBR —--—

pr(t) [GeV]

Frixione, Hirschi, DP. Shao, Zaro ‘15

W= 6(%) 8 TeV 13 TeV 100 TeV
NLO QCD 4221119 51.57158 (66.31255) | 153.6%3%7
LO EW 0 0 0
LO EW no v 0 0 0
NLOEW | —6.0+03| —6.740.2 (-18.3+0.8)| —8.5+0.2
NLOEWnovy | =6.2+0.2 —7.0+£0.2 (—19.1£0.6) —88+0.1
HBR 4.35 6.50 (15.01) 28.91

(Boosted regime in brackets)

Scale variation

(NLO QCD+EW) PDF var.

ttW =



Top-quark pair 1n association with one or two
vector bosons at NLO QCD

. _ _ _ _
HW* ttZ,  tty, ttH +HY/

HWIYW =, HZZ, thyy, HWE~, HWEZ, 2~ HVV

Lttt

... that is #¢ H and its possible irr. backgrounds in
Maltoni, DP, Tsinikos ‘15 leptonic and diphoton signatures

Automated results via MadGraph5S aMC@NLO.
- “Only” NLO QCD corrections.

- Consistent framework for all the processes.

- Study of PDFs and scale uncertainties.

- NLO results for top-quark charge asymmetry



Top-quark pair 1n association with one or two
vector bosons at NLO QCD

. _ _ _ _
HW* ttZ,  tty, ttH tHV

HWIW=, HZZ, tiyy, ttWEy, @W*Z, ttZ4 HVV

tttt LT . o .
... that is ¢ and its possible irr. backgrounds in
Maltoni, DP, Tsinikos ‘15 leptonic and diphoton signatures
See also:

th:t Garzelli et al ’12, Campbell Ellis ’12, Maltoni et al ‘14
ttZ Lazopoulos et al 08, Garzelli et al ’11, Kardos et al ‘11

ttH Beenakker et al ’02, Dawson et al 03, Frederix et al ’11, Garzelli et al ‘11

ttYY  Kardos Trocsanyi ’14, van Deurzen et al ‘15



Energy dependence

- - ! 1 04 = - - - =
~ 1tV,ttH production at pp colliders at NLO in QCD 1 [ = #tVV,tttt production at pp colliders at NLO in QCD 3
centralu =u =u_, MSTW2008 NLO pdf (68% cl) - — — centralu =u =u_, MSTW2008 NLO pdf (68% cl) 7
102 — R 9 ; L t Ty _
— Z ——
= 5 10 =
10 = 102 = =
EE = (W W 4] 1%
:%l ttyy tWy _%
o ok 1 —§§
107", ] | / =L - [ L / &L
¢ 1.4 = 014 =
e} — 9 —
g12 = S12= ag
[ == - ! 1 -
« 1E [] T / R
§ 2p 75
S15F 3 g
\ - . N
1Fmmmm==- o el Jem=mfpmm=n-- [===mmmmm- - -
8 13 14 o5 33 50 100 8 13 14 25 33 50 100
\s [TeV] \s [TeV]

Maltoni, DP Tsinikos ‘15



Distributions: representative results at fixed order

tly (ug) , LHC13 NLOt —

0.1
T | =
S 2
= 8 0.01 _
g J£ ) s
s .
0.01 F g“ %
| | | | | E E
®) p o 1.2}
= =T 2 1
PR AR 0.8
E 1.2
S 1r
0.8 | | I | | |
-3 -2 -1 0 1 2 3
y(®),y()
Central Asymmetries
13 TeV A, |%] ttH ttZ ttW=+ tty
. . 0.26 +0.14
LO - —0.1270-01 £9-00 4+ 0.03 - —3.931055 T0 11 £0.03
. . . . 0.67 +0.06 0.50 40.06
NLO 1.00+9:80 +0.06 4 g 02 0.8570:22 +0.06 1 g3 2901967 +0.96 4 g g7 [—1.7970-30 £0-96 4 .06

Maltoni, DP. Tsinikos ’15. See also: Mangano, Maltoni, Tsinikos, Zaro "14 for thi



do/dp+ [pb/bin]

0.001

0.0001 }

Distributions: representative results at fixed order

pr(tity)

NLO — °

Ll 1 1 L1 1111
MadGraph5 aMC@NLO

pr(th [GeV]

Maltoni, DP. Tsinikos ‘15
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Single-top and its pathologies

Associated tW production at LHC: a complete calculation of electroweak supersymmetric effects at one

loop
Beccaria, Macorini, Renard, Verzegnassi . arXiv:hep-ph/0601175

A complete one-loop description of associated tW production at LHC and a search for possible genuine
supersymmetric effects at hadron collider

Beccaria, Carloni Calame, Macorini, Montagna, Piccinini, Renard, Verzegnassi arXiv:0705.3101

Single top production in the t-channel at LHC: a realistic test of electroweak models

Beccaria, Macorini, Renard, Verzegnassi . arXiv:hep-ph/0605108

Electroweak Corrections to t-channel single top production at the LHC

Mirabella arXiv:0811.2051
Electroweak Radiative Corrections to Single-top Production (s- and t-channel)

Bardin, Bondarenko, Kalinovskaya, Kolesnikov, von Schlippe . arXiv:1008.1859
NLO EW and QCD proton-proton cross section calculations with mesanc-v1.01 (s- and t-channel)
Bondarenko, Sapronov arXiv:1301.3687
. Real QED only soft Within MSSM IR regularized with 't

. Only partonic results
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numerical results at the LHC 14 TeV

SM
10 _I T TT T T TT T T TT T T TT T T TT | T T TT | T T TT | T T TT | T T TT | T T TT | T TT I_ 7‘0 :I rrt Prrd | rrrd | Prrd rrrd I I:
B i — O(a) EW, without hard y i 6.5 :_ _: S- and t_Channel
sk -- O(a) EW, with hard y ] C ]
5 60 - - .
s b 1 - ] arX1v:1301.3687
A - s .
s [ ] . F ;
£ f e S F -
—3 5+ — T30 .
£ [ ] S .
s [ ] N .
3 a0 . 451 .
£-10- g 5 ]
é) B ] 40 C ] pp — t+ b £+ b
- i - ] (s-channel) | (s-channel)
15 B - = LO 5.134(1) 3.205(1)
- : 350 B LO MCFM 5.133(1) 3.203(1)
_20 _I 111 | 1111 | 1111 | 1111 | 1111 | 1111 | | - | 1111 | 1111 | | - | 111 I_ : | | | | | : NLO QCD 6.921(2) 4.313(2)
200 300 400 500 600 700 800 900 1000 1100 1200 1300 3800 400 600 800 1000 1200 NLO MCFM | 6.923(2) 4.309(1)
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Pathologies

All the previous calculations included only real photon radiation.

Real quark radiation and 1nitial-state photons have NOT been taken into account.
What if we include them?

A TH

S AR

NLO EW quark radiation to tW or
ttbar with t decay?

NLO EW quark radiation to tj or
tW with W decay?

NLO QCD pathologies are present also at the NLO EW.
With 4FS (and HBR) pathologies become even worse.

Is 1t necessary to move to stable final-state particles?



CONCLUSION

EW corrections to the asymmetries are huge and necessary for a
realistic description. They are not Sudakov enhanced.

The ttV (V = H, W, Z ) processes show non-negligible corrections
for large pt, due to Sudakov logs. They are particularly large for t£WW ™

ttV and ttV'V have been studied at NLO QCD accuracy, K-factors
for charged final states strongly depend on energy of pp collision.
Top-quark asymmetries are present also for ttV and NLO QCD
corrections reduce the value for 1-y.

Single top: EW corrections are large for tW production. For t-channel,
they are of the same size of NLO QCD corrections, with opposite
s1gn.

Updated results involving quark radiation and photons in the mitial
states are desirable, but technically not straightforward.
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Why do we care about photons 1n the proton?
2 representative examples:

High-mass Drell-Yan, Z — e*e
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__________ 10'3 —
o
- - L2
C
S 10™
19 8
12 ©
Q
1%
LOQCD --- ‘-
Lﬂ‘ 105 3
t LO+NLOQCD —— g --
]
y LO+NLO QCD+EW — 15 ,
= |
I LO+NLO QCD+EW, noy | -g -
- __1
1 L L I L L L I L L L I L L L I I
. ratio over LO QCD; scale unc. ]
T R U BT R RS
;f_ io-over LO QCD; PDF unc. E
R A S R R SR .
[ relative contributions _'__'_,—l_'__ 08
i 0.6
- NLOQCD — LO+NLO EW,noy | 0.4
MRS S AT AR AT RN I 0=+
-3 -2 -1 0 1 2 3 -3
t) —

107

ttH production at the 13 TeV LHC
boosted cuts: pr(t), pr(t), pt(H) > 200 GeV

LO QCD

y ( t ) LO+NLO QCD+EW

LO+NLO QCD+EW, no y

LO+NLO QCD

F— relative contributions
3 NLOQCD — LO+NLOEW,noy «
- LO+NLOEW — HBR —--

MadGraph5 aMC@NLO



o per bin [pb]

Transverse momentum distributions: unboosted vs. boosted
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Pheno studies

.
10 '
; ttH production at the 13 TeV LHC

NLO purely Weak and QCD
corrections to ¢t H production have

LO ---= ]
LO+NLOQCD —— b

been produced “assembling by & 10? |
hand” the FKS counterterms. z

Frixione, Hirschi, DP, Shao, Zaro 14

MadGraph5 aMC@NLO
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Now, for the complete NLO QCD o L L
and EW corrections, with photons 0 fr e
in the itial state, we need to type: 0 200 400 600

define p = p b b~ a In this talk I will present results for

generate p p > t t~ h [QCD QED] NLO QCD and EW corrections to
tput ttbarh_QCD_QED T
B — ttV.  V=HW,Z

Frixione, Hirschi, DP, Shao, Zaro ’15
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Structure of NLO EW-QCD corrections
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Structure of NLO EW-QCD corrections
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Structure of NLO EW-QCD corrections
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Structure of NLO EW—QCD corrections
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Structure of NLO EW-QCD corrections

0%0}/2 o3/2
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If 1t 1s a photon,
there are new
IR singularities
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Comparison between different schemes

mw = 80.385 GeV ,

myz = 91.188 GeV

1
a(mz) scheme = 128.93
( Z) a(my)
1
G, scheme G,=116639-107° — = =132.23
87
ttH ttZ W= W~
oLo qcp(pb) | 3.617-1071 5.282-1071 24961071 1.265-107!
G, 1 1 —1 ~1
o pb) | 3.527-10"! 5.152-107! 2.433-10"! 1.234-10 G
AL‘?“QCD( <7) 2.5 2.5 25 25 AGx _ 7L0QoD %16 qop
1O ocp (/) : : ' ' LO QCD OLO QCD
5o ew(%) 1.2 0.0 0 0
5% o (%) 1.2 0.0 0 0
AT o (%) 2.5 2.5 2.5 2.5
OnLO EW(Y0) —1.2 —3.8 —7.7 —06.7 5 ox
G —
St o mw (%) 1.8 —0.7 —45 —3.5 X 50 00D
NS
o mw (%) —0.5 —0.7 —0.9 —0.9

Table 11: Comparison between results in the a(my)

and G, scheme, at 13 TeV.



Why Weak corrections to ¢¢H production?

We calculated NLO corrections of mixed QCD-Weak origin, 1ignoring QED
effects. We compared them to NLO QCD corrections.

Phenomenology motivations

Electroweak corrections are in general small. However, the Sudakov logarithms
oy In® s/M2, can enhance their size. They originate only from Weak corrections

The cross section of ttH depends directly on A?ZH' At NLO, only Weak

corrections introduce a dependence on other Higgs couplings.

Automation of NLO corrections

Without QED (photons), the structure of IR singularities 1s simpler
tt H was the first pheno study of EW corrections in the MG5 aMC@NLO
framework.



Inclusive rates

Numerical results weak corrections

NLO corrections

(Boosted regime in brackets)

ONLo (%) 8 TeV 13 TeV 100 TeV
QCD +25.6107 (£19.67970) | +29.37 11 (+23.9777,)  +40.47776 (+39.175,)
weak 1.2 (—8.3) 1.8 (_8.2) 3.0 (—7.8)
Heavy Boson Radiation
ouBr (Y0) 8 TeV 13 TeV 100 TeV
W 10.42(4+0.74) [10.37(10.70) | +0.14(+0.22)
Z +0.29(+0.56) |+0.34(40.68) | +0.51(40.95) Partial Compensati()n of
H +0.17(+0.43) |+0.19(40.48) | +0.25(+0.53) Sudakov logs
sum +0.88(+1.73) [+0.90(+1.86)| -+0.90(-1.70)
NLO weak subchannels
onLo (70) 8 TeV 13 TeV 100 TeV
g9 —0.67 (=2.9) | —1.12 (—4.0) —2.64 (—6.8)
Ul 0.01 (—3.2) | —0.15 (—2.3)[  —0.10 (—0.5)
dd —0.55 (=2.2) | —0.52 (—1.9) —0.23 (—0.5)




Processes

ttW =, ttZ,  tty, | ttH

HWITW =, HZZ, tiyy, HWEy, tHWEZ, 72~y tHVV

ttit . T . o
... that is ¢t H and its possible irr. backgrounds
Scale definitions
We compare the scale dependencies for the fixed _He 1 -
scale and for two (common) definitions of Ha="N =N N T
dynamical scales: the arithmetic and geometric . N
mean of final-state transverse masses.
Mg = mr;
WE DO NOT SEARCH FOR THE BEST =1,N

SCALE!



Scale dependence: ¢tV processes
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Scale dependence: ¢tV 'V processes
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Scale dependence: tttt
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Distributions: representative results at fixed order
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do/dy [pb/bin]

Distributions: representative results at fixed order
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