h
7
V4

A,,,.A7>ff- SFB 1258 | Neutrinos [
Dark Matter Technische Uni tat Minch I~
Max-Planck-Institut fiir Physik Messengers * eehnische niversitat viunenen
(Werner-Heisenberg-Institut) l+ l+

Associated Higgs
Production at NNLO+PS

with SMEFT contributions

Luc Schnell
IMPRS Colloquium
July 13, 2023

Source Image: amazon.de (no product placement).



https://www.amazon.de/Zoch-601105044-Mucca-Pazza-Kinderspiel/dp/B00BBV29S8

1. Introduction

1.1 Associated Higgs Production (Vh)
1.2 Theoretical Predictions
1.3 SMEFT



1. Introduction
1.1 Associated Higgs Production (Vh)


https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242

1. Introduction
1.1 Associated Higgs Production (Vh)

. Measure y,, to appreciable precision.


https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242

1. Introduction
1.1 Associated Higgs Production (Vh)

Measure y,, to appreciable precision.

Vb _ \/Emb - . .
e Goal: / ----- SM: y, = - > any deviation therefrom is a clear sign for NP.



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: h ----- SM: y, =

> any deviation therefrom is a clear sign for NP.

S

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: h ----- SM: y, =

> any deviation therefrom is a clear sign for NP.

S

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: h ----- SM: y, =

> any deviation therefrom is a clear sign for NP.

S

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: / ----- SM: y, = > any deviation therefrom is a clear sign for NP.

Currently: p, .,z = 1.01 £0.20 — HL-LHC is projected to push this
down to *+0.0512.

S

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: / ----- SM: y, = > any deviation therefrom is a clear sign for NP.

Currently: p, .,z = 1.01 £0.20 — HL-LHC is projected to push this
down to *+0.0512.

S

 Choose your fighter:

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: / ----- SM: y, = > any deviation therefrom is a clear sign for NP.

Currently: p, .,z = 1.01 £0.20 — HL-LHC is projected to push this
down to *+0.0512.

S

 Choose your fighter: { ----0

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: / ----- SM: y, = > any deviation therefrom is a clear sign for NP.

2 Currently: u, ., = 1.01 £0.20 — HL-LHC is projected to push this
down to *=0.0512,
g
4
h
 Choose your fighter: { ----0
8
(9gF) (Vh)

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: h ----- SM: y, =

> any deviation therefrom is a clear sign for NP.

b Currently: u, .,z = 1.01 £0.20 — HL-LHC is projected to push this
down to *+0.0512.
1P T T T T T g
: ”
>-|<- L op— H (NNLO+NNLL : ,é
I T 43
5 L 105 —f
4 % = E
h _W:
* Choose your fighter: {f e----e 1_//_
B pp — ZH (NNLO QCD + NLO EW
g : :
i M, =125 GeV_
= MSTW2008 7
(ggF) (Vh) R - T R T R T R T RV
\'s[TeV]

Source: opendata.atlas.cern.

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html
http://opendata.atlas.cern/release/2020/documentation/visualization/the-higgs-boson.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: h ----- SM: y, =

> any deviation therefrom is a clear sign for NP.

b Currently: u, ., = 1.01 £0.20 — HL-LHC is projected to push this
down to £0.0512.
- F10?F T e -
) '% - +NLO EW) H 2
. op— H (NNLO#NNLL GCP _é
% +H=
; 2_105— _Eg
4 % : E
! _W:
* Choose your fighter: } ———-o 1_//
Epeaeh pp-aZH (NNLO QCD + NLO EW
8 : :
' M, = 125 GeV _
5 MSTW2008 -
(ggF) (Vh) ;""81'"'é"'I1|O|n|.1I1...,1|2,III1I3HH12
\s [TeV]

Source: opendata.atlas.cern.

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html
http://opendata.atlas.cern/release/2020/documentation/visualization/the-higgs-boson.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: / ----- SM: y, = > any deviation therefrom is a clear sign for NP.

b Currently: u, ., = 1.01 £0.20 — HL-LHC is projected to push this
down to £0.0512.

ﬁ % E - N o NNLL QCD + NLO EW) fg

S N _g

= [ - — I
i L 105 a5

5 % : . E

h i op— daH (NNLO QcD +NLOEW) "Ny :

[ Choose your flghter: A ----‘ 15— pp_,WH(NNLOQCD+NLOEW) _

Epeaeh pp_aZH (NNLO QCD + NLO EW

8 : :

10" My = 125 GeV_

H MSTW2008 3

(ggF) (Vh) ;""81'"'é"'|1|O|n|.1I1...11|2,l||1|31|[l12

\s [TeV]

Source: opendata.atlas.cern.

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html
http://opendata.atlas.cern/release/2020/documentation/visualization/the-higgs-boson.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: & ----- SM: y, = > any deviation therefrom is a clear sign for NP.

2 Currently: u, ., = 1.01 £0.20 — HL-LHC is projected to push this
down to *£0.0512,
31 BRI
% 5 N QCD +NLO EW) :%
=~y g O+NNLL _g
T =~ 9 — 3
g 2_105— _;5.
t 5 L . :
h i op—» agH (NNLOQCD = NLOEW) e |
 Choose your fighter: 1 ----© 7 p-winnoqm:MoEW -
e 0p — ZH (NNLO QCD + NLO S
g i il
10" M, =125 GeV_:
B MSTW2008 7
(ggF) 778 e i0 i 2 1814
\s [TeV]

T —
Source: opendata.atlas.cern.

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html
http://opendata.atlas.cern/release/2020/documentation/visualization/the-higgs-boson.html

1. Introduction
1.1 Associated Higgs Production (Vh)

Source: nytimes.com.

Measure y,, to appreciable precision.

Yb \/5 ny,
%

e Goal: & ----- SM: y, = > any deviation therefrom is a clear sign for NP.

2 Currently: u, ., = 1.01 £0.20 — HL-LHC is projected to push this
down to *£0.0512,

= M o0 MOEW
o ey = 18

T =~ 9 — 3

g L 105 —zg

t 5 L . :

h i op — aaH (NNLOQCD * NLOEW) M il

 Choose your fighter: 1 ----© 7 p-winnoqm:MoEW -

e 0p — ZH (NNLO QCD + NLO S

g i il

10" M, =125 GeV_:

B MSTW2008 7

(ggF) 778 e i0 i 2 1814

\s [TeV]

T —
Source: opendata.atlas.cern.

Sources: 1ArXiv:1808.08238 (ATLAS), 2ArXiv:1808.08242 (CMS). 3



https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1808.08242
https://www.nytimes.com/2014/04/29/science/for-lab-rats-a-male-scientist-effect.html
http://opendata.atlas.cern/release/2020/documentation/visualization/the-higgs-boson.html

ATLAS

EXPERIMENT

Candidate Event:
pp—-H(—-bb) + Z(-ee)
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Source: Argv:2204.00663 (U. Haisch et al.).

 Higgs operat As factorize: QCD operators do not
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| Particles before the ";" are incoming, after outgoing.
I This corresponds to the LL case.
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* Next step: generate phenomenology plots. Ratio Born (ours
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- The effects of QCD and Higgs operators in Vh have been implemented
at NNLO+PS in the MiNNLOps framework.

- We are extending this to include the effects of electroweak operators as well.

* Using spinor-helicity amplitudes, the electroweak SM helicity structure can be replaced
by new helicity structures without having to recompute the QCD corrections.
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