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Why top+V/H?

* t(t)V: Direct probe of top couplings to the EW gauge bosons
 t(t)H: Probe of top Yukawa coupling
o tops+V(s): Important as a signal as well as a background for
BSM scenarios with high multiplicity signatures
 ttV(V): main background for ttH searches
* High threshold processes: important for LHC13
* Experimental results are being collected: see following
ATLAS and CMS talks
* Precision needed:
« EW+QCD corrections
 New physics?
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Outline

* Overview of tops+V/H in the SM
* higher order predictions
* Tops+V/H in the SMEFT

* probe top couplings using precise predictions
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Status of precision studies
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tH

QCD: NLO+PS

MG5 aMC@NLO:
Demartin et al. arXiv:1504.00611

t/
QCD: NLO+PS

MG5 aMC@NLO:arXiv:1405.0301
MCFM: arXiv:1302.3856

tWH

QCD: NLO+PS

MG5 aMC@NLO:
Demartin et al arXiv:1607.05862

ttH
QCD: NLO+PS

aMC@NLO: arXiv:1104.5613
PowHel: arXiv:1108.0387
Powheg Box: arXiv:1501.04498

Soft gluon resummation-

beyond NLO:
Kulesza et al. arXiv:1509.02780
Broggio et al. arXiv:1510.01914

Off-shell:

Denner et al. arXiv:1506.07448

NLO EW:

Frixione et al. arXiv:1407.0823 &
arXiv:1504.03446
Zhang et al. arXiv:1407.1110

ttZ/W
QCD: NLO+PS

aMC@NLO: arXiv:1103.0621
PowHel: arXiv:1111.1444,
1208.2665

Soft gluon resummation

for ttW:
Broggio et al. arXiv:1607.05303

NLO EW:
Frixione et al. arXiv:1504.03446

ttZZ, ttWW, ttWZ

ttZy, ttWy
QCD: NLO+PS

MG5 aMC@NLO:
Maltoni et al. arXiv:1507.05640

tty
QCD: NLO+PS

aMC@NLO: arXiv:1103.0621
PowHel: arXiv:1406.2324

ttyy

NLO+PS
PowHel: Kardos et al. arXiv:
1408.0278
aMC@NLO: Maltoni et al. arXiv:
1507.05640
van Deurzen et al. arXiv:
1509.02077

E.Vryonidou

—MCnet



\\,////
@ —MCnet

Precision for tops+V(V)/H

QCD corrections

Mature field: NLO QCD available for all processes
NLO+PS using automated tools such as:
MG5_aMC, PowHel, Powheg Box

Detailed phenomenological investigation ttV/ttVV:
Maltoni, Pagani, Tsinikos arXiv:1507.05640

EW corrections: Recent progress

e {fV/H
« Frixione et al arXiv:1407.0823, arXiv:1504.03446
 /Zhang et al arXiv:1407.1110

Towards the automation of EW corrections

E.Vryonidou 5
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Features of NLO QCD corrections(1) M

&

g ~ ttV, ttH production at pp colliders at NLO in QCD
13 TeV o|fb] ttH tt7 — | centralp -p -u_,MSTW2008 NLO PDFs (8% cl) =
CE'MO = p,(1)>20 GeV el
6.0% +2.1% +10.3% +2.0% - = == o
NLO 522‘25.4% Toen 813670079 Tosn © C ‘T"
+35.5% +2.0% +36.1% +2.0% — = —
LO 476.6_24.2(7‘ —2.1'76 710.3_24-5(7& —2.1‘?(- 10§ 4_:‘_-,;— g
- - ]
K-factor 1.10 1.23 - o 1.
iz e o
13 TeV o|fb] ttW+ tty = e s 3
4 +13.0% +1.7% +14.2% +1.6% —é
NLO 6'1'14'8—11.6'70 —-1.3% 2746—13.5% —-1.9% 1 I 3=
+28.1% +1.7% +36.2% +1.8% g, 4
LO 926.9750 4 “18% 2100754 5% “ilow R —
1l | 1 | e
K-factor 1.22 1.31 2, €
815 =
B3 e _%
77 W+ W [4f] tiry MR SRS AL 25 33 S0 100
Taen Tion o 2o Taon 1w g = 1tVV, ttit production at pp colliders at NLO in QCD =
8% +1.9% 3%  +2.3% 9% +1.3% - In=p =p_, MSTW2008 NLO PDFs (68% cl .
217560 Ty 11847 10y Touy 10267 55 Ty 9 ol ';e:;a 2'0(:;\/ Yo oo (e ]
G 90 = Z1 0 =T g ==
Q7 +36.1% +1.9% +38.3% +2.2% +36.5% +1.5% = :
213770 4% “row  10.78755%g o5y 8.838T505g Tien © =
0.99 1.10 1.16 102 =
tW+Z tt7~ Wy = f
10 =3
+9.8% +2.2% +10.5% +1.8% 4+12.0% +1.8% =2
415700079 Tien 2T 0905 “1on 67341 16w “1an 17
32.6% +2.3% 38.0% +1.9% 32.4% +2.1% £
392175550 Tong  5.0801555% Tion  6.1457556g Toox g
@
1.06 1.14 1.10 g
>
Maltoni, Pagani, Tsinikos arXiv:1507.05640 3
v
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Features of NLO QCD corrections(1) M

&

'-§_ ~ ttV, ttH production at pp colliders at NLO in QCD
13 TeV O-Ifbl t{ H t{. YA — | centralp =p =pu_, MSTW2008 NLO PDFs (68% cl)
210 = p,(1)>20GeV
+6.0% +2.1% +10.3% +2.0% -
NLO 92227545 —26%  S1387117% 2% © N =
4+35.5% +2.0% +36.1% +2.0% 10 —
LO 476.6 75, 5 "oy 710305450 "5 = - 3
- = ]
K-factor 1.10 1.23 - - am = 1.
iz e o
13 TeV olfb] ttW+ tty = s 3
+13.0% +1.7% +14.2% +1.6% _ it
NLO 644'8—11.6% —1.3% 2746—13.5% —1.9% l I i
+28.1% +1.7% 4+36.2% +1.8% g =
LO 526.9 50 4% “18% 210075457 “1lon -3121% _______________________________ —
1l | 1 | =
K-factor 1.22 1.31 2 5 =
815
~ 1
_ - - : oL
727 HEW+ W~ [4f] tyy g 25 3 50 ¥ Gluon-initiated
e E— P —— = = 1tVV, ttit production at pp colliders at NLO in QCD .
D.117HIS% +1.9% 11 gq#83% +23% 10 9gH139% +1.9% Q[T o o, MSTWaIEE MO POFs % channel at NLO
G By 21 0 =T g
+36.1% +1.9% +38.3% +2.2% +36.5% +1.5% =
2137750 4% 10w 1071805574y Tooy 88387550 Tien © =
0.99 1.10 1.16 102 =
tW=Z tt 7~ HW £~ ]
10 =3
+9.8% +2.2% +10.5% +1.8% +12.0% +1.8% 3¢
415770070 “1ew 2T 090 10w 67347 760 “1an 17
32.6% +2.3% 38.0% +1.9% 32.4% +2.1% 1] :
392175555 Tonw  5.080755 3y Tign 61457 506% Toun : 5
2
1.06 1.14 1.10 E
v
Maltoni, Pagani, Tsinikos arXiv:1507.05640 3
N
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NLO —
NLO p(j) > 100 GeV --- ’
= = LO p1(j) > 50 GeV :
e} o) LO py(j) > 100 GeV ---- -
g ié_ LO pr(j) > 150 GeV ---- 3
a | =
D 3 o Q
3 P 3 s
: © .
pr(j) > 100 GeV LOunc. =01 NLOunc. mm E
L 2
5 i i i et e i t S Lo i i o e e e o i Sa/ 1
0 100 200 300 400 500 600 700 800 T
pr(th) [GeV] 0 100 200 300 _400 500 600 700 800
pr(th) [GeV]
t t t t » k f
glant K-tactors
o Impact of extra jet independent of jet pT cut
Higher-order corrections (ttVj at NLO) not

E.Vryonidou
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Maltoni, Pagani, Tsinikos arXiv:1507.05640
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Features of NLO EW corrections

[ i LO+NLO QCD+EW —

ttH production at the 13 TeV LHC

LOQCD -—- |
LO+sNLOQCD —— -

LO+NLO QCD+EW.noy

MadGraph5_aMCENLO

pr(H) [GeV]

Frixione et al arXiv:1504.03446
E.Vryonidou
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ttH : 6(%) 8 TeV 13 Te
NLO QCD | 2597, £35 29.779° +28
LO EW 1.8+1.3 1.2+ 0.9
LO EW no ~ —0.340.0 —0.440.0
NLO EW —0.6+0.1 ~12+40.1
NLOEWno~y | —0.740.0 ~1.440.0
HBR 0.88 0.89

 Small corrections at the total cross-
section level

* |mportant and negative for high pr tails

* \ector boson radiation only partially
cancelling Sudakov logs

e Similar conclusions for ttW and ttZ



Precision
calculations
Automated tools

E.Vryonidou

What's next”

SM: precision for t(t)+V(V)/H
QCD corrections
Progress in EW
Needed to realistically
describe the distributions

—MCnet



& icr
—MCnet

What's next”

SM: precision for t(t)+V(V)/H
QCD corrections . Top(s)+V(V)/H as
Progress in EW === a probe of new
Needed to realistically ohysics
describe the distributions

Precision
calculations
Automated tools

E.Vryonidou 9



@ _J///
—MCnet

What's next”

SM: precision for t(t)+V(V)/H
QCD corrections . Top(s)+V(V)/H as
Progress in EW === a probe of new
Needed to realistically ohysics
describe the distributions

Precision
calculations
Automated tools

Use SMEFT to
parametrise and look for
deviations from SM
predictions

E.Vryonidou 9



& icr
—MCnet

What's next”

SM: precision for t(t)+V(V)/H
QCD corrections . Top(s)+V(V)/H as
Progress in EW === a probe of new
Needed to realistically ohysics
describe the distributions

Precision
calculations
Automated tools

Use SMEFT to
parametrise and look for
deviations from SM
predictions

Need for precision &
also in SMEFT %

E.Vryonidou 9



_\\\’////
@ —MCnet

What's next”

SM: precision for t(t)+V(V)/H
QCD corrections . Top(s)+V(V)/H as
Progress in EW === a probe of new
Needed to realistically ohysics
describe the distributions

Precision
calculations
Automated tools

Use SMEFT to
parametrise and look for
deviations from SM
predictions

Need for precision &
also in SMEFT

E.Vryonidou 9



New physics in ttV/itH

New partiC les (see talks tomorrow)

)0(6)

Lrg = Lsm + Z + O(A_4)

. A?

Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653

OperatOrS at dlm_6 Grzadkowski et al arxiv:1008.4884

X3 ©5 and @'D? P23 (LL)(LL) (RR)(RR) (LL)(RR)
Qe | fAECGraEeGer | Q, (¢tp)? Qe (¢to) L e ) Qu (LYl )LL) Qee (Epyuer)(E"er) Qe (Lulr) (E*er)

5 | FAECGGEGEr | Qun (olo)0(pte) Qus (o' 0) (G P) & (o 7u4r) (@7 qe) Quu (Up e ) (Tay" e Qu (Tl ) (@7 )
Qw | eEWRWIPWER | Qup | (¢'D*9)" (¢'Dup) || Qup (¢'0)(@,d, ) | @)@ m'a) | Qu (dpyudy ) (dsy"dy) Qu (LYl )(d7"dy)
Qi EIJKﬁ?“lu‘,‘fu-.’p‘,v:{u Qg (L7l (27" a.) Qeu (ép"!'uer)(‘l_t_n'" u) que (T Vutr) (e e:)

X2 X 202D Q| Gt (@ r'a) | el zz (G100 )
Quc Pl GA G Qav | (Lowe )T oW! QW (gafi.Bﬂ o)LL) Q;,:) ] (U-p”/:ur)(({s’?‘“dl})‘ Z:) (qu.',:T’ q)(a _;“Tf uy)
N g v v o Qua | (@ WT ur)(dn* T d:) || Quy (7ua-) (dsy" de)
Qi | ¢eGLe™ | Qs | (Go*e)pBu | QY | (¢'iDf@)(HT"1) QY | @7.T"a)(dTd)
Quw | ¢y E’_,LW"‘” Que | (@0"" T u)PGh, || Qe | (¥ B“ P)(Eer) (LR)(RL) and (LR)(LR) B—violatirjg
Qv | POWLW™ | Quv | @owu)T'dW,, | Y | (#iD,@)@r"a) Qg | Be)dd) | Qua ey [(dg)TCuf] [(q7) U]
Qe ple BB | Qus | (40" ur)P By Qa2 (99*'“52 )@ 7"a:) QW @uw)en(@d) | Quau e [(q29)TCq%] [(uy)" Cey)
Qu5 ¢'p B, B Quc | (@0"Td,)p Gy, | Qe | (¢'iDue) (@0 u,) Q0 | @T u)ein(@Tdy) || Qi e*Mejkemn [(g57)" Cal*] (™) O]
Quws | 'TloW, B Qaw | (Go" d)T"oW,, | Qua ('Pfi‘Bu ) (dpy"dy) chl,lu (Le,)ejn(@Fuy) = e*®1(112) k(7€) mn [(a57)T Caf¥] [(qz™)" Ol
Qv | P'TeWLBY | Qs | (3,0™d)¢Bu | Qeua | i(F'Dup)(@0"d,) Qo | Boer)ein(@o w) || Quu e [(dg)"Cuf] [(u])"Cey]
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SMEFT for top quark physics

SMEFT VS Anomalous couplings

3) _ .1 of 4531 I
()yOQ = I§Ut (y'-rﬁu"r) (Q Hr Q) B 7 7 'iO'Mqu A . YA

(1) 1, Ltz = eu(py) [W“ (C’1,V + 7-"5C,1’A) + — (CQ,V + 11'5627[4)} .U(pf)ZM
O¢Q =154 <¢T<ﬁuﬁ9> (QYQ) |

_ L AT o) (A
Oyt = I-§yt ('\V' ﬁ#&/) (t~"t) o7 _ 1 (C(g) oM _ ¢ ) m?
Ow = yt.(]w(QUMIVTIIL‘)@HFL{V : " o ? e o ” A?syy c;v
— m

OtB — '!/t.QY(QU#Vt)#aBu.I/ d ICtIOn ary CIZ*A - 2 (_Cf;g + C*(;(% - CW) AQS‘;CW

) 2mymy

e SMEFT: Chly = (Cuvely = Cunsl) gy
* Gauge invariant ¢/

* Higher-order corrections: renormalisable order
by order in 1/A ¢

0(as)+o(%>+o(f\‘§) -

 Complete description-respecting SM symmetries ¢/
 Model Independent ¢/

E.Vryonidou 11
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Top-quark operators and how to look for them

Ow = Y19uw(Qo™ T t) W,
OB = Y19y (Qo*t)p B,
Oz = y19s(Qat TA) G4, .

Otp = Y (@Tqﬁ) (Qt) ¢

see for example: Aguilar-Saavedra (arXiv:0811.3842)
Zhang and Willenbrock (arXiv:1008.3869)

+four-fermion operators
+FCNC (see talk by G. Durieux)

E.Vryonidou
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Top-quark operators and how to look for them

Ow = Y19uw(Qo™ T t) W,
OB = ytgy(QU”Vt)L,Z‘BMV
Oiq = ths(QUWTAt)@Gﬁu ;

O = 43 ((15*@5) (Qt) ¢~
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Top-quark operators and how to look for them

1

05y = izt (¢' Dlp) (@'71Q
1

0L =iz (¢' D) (@1Q)

Oip = ytgy(QU" t)wBW
Oiq = ’l/tgs(QUWTAt)';GA .

Oty = i (@Jr ) Q) =

see for example: Aguilar-Saavedra (arXiv:0811.3842)
Zhang and Willenbrock (arXiv:1008.3869)

+four-fermion operators
+FCNC (see talk by G. Durieux)

Operators entering various processes: Global approach needed
E.Vryonidou 12




Towards global fits 7 Mret

EFT only makes sense if we follow a global approach
First work towards global fits:
TopFitter: Buckley et al arxiv:1506.08845 and 1512.03360

Dataset V5 (TeV) Measurements arXiv ref. || Dataset V= (TeV) Measurements arXiv ref. : — T
‘ _ ] individual ——e—
Top pair production C i marginalized —e—
Total eross-sections: Differential cross-sections: G —w— g
ATLAS 7 lepton4jets 1406.5375 || ATLAS 7 pr(t), Mg, vl 1407.0371 33 i
ATLAS 7 dilepton 1202.4802 || CDF 196 Mg 0903.2850 ge; ——
ATLAS 7 lepton+tau 1205.3067 || CMS 7 pr(t). Mg, ve. wi 1211.2220 =1
ATLAS 7 lepton w/o b jets 1201.1889 | CMS 8 pr(t), Mg, v, v 1505.04480 Cy S 1 ,
ATLAS 7 lepton w/ b jets 1406.5375 || D¢ 1.96 Mg, pr(t), |l 1401.5785 =9
ATLAS 7 tautjets 1211.7205 Ca —
ATLAS T Iy, WW 1407.0573 || Charge asymmetries: =1
ATLAS 8 dilepton 1202.4892 || ATLAS 7T Ac (inclusive+ My, yyy)  1311.6742 Cd : B L :
CMS 7 all hadronic 1302.0508 | CMS 7 Ag (inclusive+ Mz, us)  1402.3803 =2
CMS 7 dilepton 1208.2761 || CDF 1.96 Apg (inclusive4 M, yee) 1211.1003 Cd | e
CMS 7 leptondjets 1212.6682 | D¢ 1.96 App (inclusivet My, y) 1405.0421 _ ' -
CMS 7 lepton+tau 1203.6810 C_i’%,. ————
CMS 7 tautjets 1301.5755 || Top widths: a -
CMS 8 dilepton 1312.7582 || D¢l 1.96 Ty 1308.4050 (@F Ll
CDF + D¢ 1.96 Combined world average 1309.7570 || CDF 196 T 1201.4156 =3
Single top production W-boson helicity fractions: Ciq e =
ATLAS 7 t-channel (differential) 1406.7844 || ATLAS 7 1205.2484 =33
CDF 1.96 s-channel (total) 1402.0484 [ CDF 1.96 1211.4523 C.B -
CMS 7 t-channel (total) 1406.7844 || CMS 7 1308.3879 _
CMS 8 ¢-channel (total) 1406.7844 || D¢ 1.96 1011.6549 Cou .
D¢ 1.96 s-channel (total) 0907.4259 —
D 1.96 ¢-channel (total) 1105.2788 C! ———
dq
A ssociated production Run II data
ATLAS 7 tiy 1502.00586 || CMS 13  ti (dilepton) 1510.05302
ATLAS 8 #Z 1509.0527 -1 0.5 0 D 1
CMS 8 tZ 1406.7830 C;’ — C,-'U2/A2

E.Vryonidou

Tevatron and LHC data
Cross-sections and distributions
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Towards global fits

EFT only makes sense if we follow a global approach
First work towards global fits:
TopFitter: Buckley et al arxiv:1506.08845 and 1512.03360

Dataset

Vs (TeV)

Measurements

arXiv ref. || Dataset

V= (TeV)

Measurements

arXiv ref.

Top pair production
Total eross-sections:

ATLAS 7
ATLAS 7
ATLAS 7
ATLAS 7
ATLAS 7
ATLAS 7
ATLAS 7
ATLAS 8
CMS 7
CMS 7
CMS 7
CMS 7
CMS 7
CMS 8
CDF + D¢ 1.96
Single top production

ATLAS 7
CDF 1.96
CMS 7
CMS 8
D¢ 1.96
D 1.96
A ssociated production

ATLAS 7
ATLAS 8
CMS 8

lepton+-jets
dilepton
lepton4-tau
lepton w /o b jets
lepton w/ b jets
tautjets

tt, Z~, WW
dilepton

all hadronie
dilepton
lepton+-jets
lepton+-tau
tautjets
dilepton
Combined world average

t-channel (differential)
s-channel (total)
¢-channel (total)
t-channel (total)
s-channel (total)
t-c¢hannel (total)

tiy
tiz
tiz

1406.5375
1202.4892
1205.3067
1201.1889
1406.5375
1211.7205
1407.0573
1202.4892
1302.0508
1208.2761
1212.6682
1203.6810
1301.5755
1312.7582
1309.7570

1406.7844
1402.0484
1406.7844
1406.7844
0907.4259
1105.2788

1502.00586
1509.0527
1406.7830

Differential cross-sections:

ATLAS
CDF
CMS
CMS
D¢

[

1.96
[
3

1.96

Charge asymmetries:

ATLAS
CMS
CDF
D¢

Top widths:
D¢
CDF

1.96
1.96

pr(t), Mg, |uel
Mg

pr(t). Mg, v wi
pr(t), M, ve, i
M. pr(t), |w|

Ac (inclusive4 My, vy)
Ag (inclusive4 My, yi)
Arg (inclusive+ M, yer)
App (inclusive+ My, )

Iﬂtop
rlup

W-boson helicity fractions:

ATLAS
CDF
CMS
D¢

Run II data
CMS

1.96

1.96

13

tt (dilepton)

1407.0371
0903.2850
1211.2220

P

1505.04480
1401.5785

1311.6742
1402.3803
1211.1003
1405.0421

1308.4050
1201.4156

1205.2484
1211.4523
1308.3879
1011.6549

1510.05302

E.Vryonidou
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C' & i 5
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Tevatron and LHC data
Cross-sections and distributions
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@ How can we improve the fits? = e

 Need NLO in QCD to match the SM precision and
experimental accuracy: SMEFT@NLO
* Mixing between operators: anomalous dimension
matrix: Alonso et al. arxiv:1312.2014

Recent progress:
* top pair production: Franzosi and Zhang (arxiv:1503.08841)
* single top production: C. Zhang (arxiv:1601.06163)

ttZ/y: O. Bylund, F. Maltoni, |. Tsinikos, EV, C. Zhang (arXiv:1601.08193)
ttH: F. Maltoni, EV, C. Zhang (arXiv:1607.05330)

All automated within MadGraph5_aMC@NLO
R2+UV counterterms: NLOCT Degrande (arxiv:1406.3030)

E.Vryonidou 14
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|Op palr + 2 /v et
13TeV O o) Ot Oy
t

ey : 38.2% 40.4% 40.1% 88.0%

7i.Lo 286.775; 5% 18 3 %. 6% 51.625, 4% _0'20(3)530.0%

L), 5.4% 7.1% 5.8% 31.3% ,

i NLO 310. 5+9 ™% 90. 6+11 0% oT. 5+1o 3% -1 7(2)+49 1% Zh
K -factor 1.08 1.16 1.11 8.5

t

2 7%, 7% 7%

010 2685 0% 28() 60 29() 157 20.9% 5% 3%

2 ; 2% ; 8%

ONLO 24457578 3803) iy 39B)1116% 2421975

(3) Ty |
= YT
B B 0% ut (QY71Q)
i 1 2
7=0sM+) 50 Z 9 1
(A/1TeV) (A/lTeV) j 50 6)2 _ 2 ut ( ) (O"Q)

Opt = i= A“(ﬁ Mt
Small contribution from Ow and Ois ot 12% (‘“ (E771)

at O(1/A2) but large at O(1/\%) Ow = Yegu(Qa" T/ t)pW,,

. LV 4\ -
How should we treat O(1//\4) terms? Otp = Y9y (Q0"1) P By
PRNNETR O = y19s(Qa* TH4t) oG,

EFT condition satisfied ) large
To be checked on a case-by-case basis

E.Vryonidou Bylund et al arXiv:1601.08193 5
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Differential distributions for tt+V ~Mcnet

®

tty, LHC13 pr(y) > 20 GeV ooy —— tiZ, LHC13 OSMNLO ——

- NLO, p=m;, CtB=4’ A=1TeV - +Co(1) [ p=my, Cig=1, A=1 TeV SsmLO ~—— ]

1k SM T — ’ T

= : oep+Co4C262) — o — Gsm,NLo+C"§§0— :

o _(\03- 01 1] osmLo+CoLo ———

o) - — - - 1 L _j——— .
e L = - B e ]
- 01F s B e
Qo - O - {®

S z 5 S
® i < 2

U QI __________ %

0.01 ¢ o == 5
= & z
1=
&
©
3
F
2
o
&
0 50 100 150 200 250 300 350 400

OI - 1501 - |10(|)| | |15(|)| | |20(|)1 | 250 | 300 | |3-50
pT(Y) [GeV] 7) [GeV]

Large contribution at O(1/A%) Using SM k-factors is not enough
rising with energy
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A sensitivity study
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LHC measurements of ttV processes can
set constraints on the Wilson coetfticients
See also:

Schulze et al. arXiv:1404.1005,1501.05939,
1603.08911 (using ratios of cross-sections)
Dror et al. arXiv:1511.03674 for ttWij
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affecting all processes In
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Top-V interactions in non-top final states
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Gluon-fusion contribution to HZ production  0.0001
affected by the operators changing gtt, ttZ
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No contributions from the electroweak See also:
dipole operators due to charge Englert et al arXiv:1603.05304

conjugation invariance
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needed due to mixing: ttH H’ H+J

1

o0, (5 0 0 See also
Y= — 411 —1 47 Degrande et al. arXiv:1205.1065
7 0 —3 Grojean et al. arXiv:1312.3317

Azatov et al arXiv:1608.00977
Use with 1) ttH and 2) H,H+| to break degeneracy between

operators and extract maximal information

Maltoni, EV, Zhang: arXiv:1607.05330
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ttH@NLO in the EFT
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First systematic study of uncertainties:
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Different k-factors for the SM and dimension-6 contributions
Different k-factors for different operators
¥ NLO is important
£ Vryonidou Maltoni, EV, Zhang: arXiv:1607.05330 20
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Differential distributions for ttH

MadGraph5_aMC@NLO
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p,(H) [GeV]

NLO: smaller uncertainties,
non-flat K-factors

p_(H) [GeV]
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Ditterent shapes for different

Maltoni, EV, Zhang arXiv:1607.05330

operators for the squared terms
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Constraints from ttH and Higgs production
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Combination of: « ttH
e nclusive H e HH
 boosted Higgs e« oft-shell Higgs

gives maximal information

Azatov et al arXiv:1608.00977
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summary

e Significant progress for precise predictions for top production
with EW bosons and Higgs in the SM: QCD and EW
corrections

* Higher-order corrections needed to match improving
experimental accuracy

* Top+V/H processes a playground for new top interactions

* Precision needed also for EFT predictions: ttV, ttH as well as
loop-induced processes

 QCD corrections important both for total cross-sections and
distributions: SM k-tactors are not enough

* Global fits results already available: important to include NLO
predictions where available

* Input from Higgs and loop-processes is important
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Thank you for your attention



