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Associated Higgs Production

|

‘ Observables ’




ASSOCIATED HIGGS BOSON PRODUCTION STATUS

Associated Higgs Production
Estimated 5% of Higgs production.
Clear leptonic signature.
H — bb main decay channel (BR = 58%)




ASSOCIATED HIGGS BOSON PRODUCTION STATUS

Experiment Status
Evidence for H — bb through the VH channel.
CMS: 5.60 significance. [arxiv:1808.08242]

ATLAS: 5.30 significance. [arxiv:1808.08242]
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ASSOCIATED HIGGS BOSON PRODUCTION STATUS

Validation against W™ H total cross
section of
[F. Caola, G. Luisoni, K. Melnikov, R. Rontsch]. v’

Our calculations ...
— include offshell propagators.

— do extensive scale variations.
Theory Status
— demonstrate a general

NNLO Production x NLO Decay flavour-tagging infrastructure
[G. Ferrera, M. Grazzini, F. Tramontano, arXiv:1407.4747]

NNLO Production x NNLO Decay
[G. Ferrera, G. Somogyi, F. Tramontano, arXiv:170510304]
[F. Caola, G. Luisoni, K. Melnikov, R. Rontsch, arXiv:1712.06954]



WH PROCESS SETUP: PRODUCTION X DECAY

PRODUCTION

Drell-Yan-like amplitudes Yukawa coupling y, = yp (1)

Top-loop contributions

I. Majer (ETH Zurich) VH Production anc
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WH PROCESS SETUP: PRODUCTION X DECAY

Differential Cross Sections

kR
N*LO _ (i) ()
do = Z daW*H X dUH—>bB

1,j=0

O(as) power counting: keep only i +j < kterms.



INFRARED SINGULARITIES

Integrate do! But...

NNLO
o - ® Unresolved limits!
dPywh2

Unresolved limits
- / W ® 1/€* and 1/e poles!
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INFRARED SINGULARITIES—SUBTRACTION

Integrate do! But...
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Well-behaved!

Well-behaved!
No poles!

No poles!



INFRARED SINGULARITIES—SUBTRACTION

Integrate do! But...

NNLO d RR d S
o = o —ao ©  Well-behaved!
dPwh 2 i
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|
Ay 1 | No poles!
r A

[ x=1%107

o poles!
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Ratio peaks at 1!



INFRARED SINGULARITIES—SUBTRACTION

Integrate do! But...

NNLO d RR d S
o - o — e ©  Well-behaved!
dPywh2 ]
RV T _
+ do —do o Well-behaved!
|
APy 1 | No poles!
VW u
+ do —do @ No poles!
dPyy

/scratch/majeri/nnlojet/maple/process/VH
autoqgB0g2WHxBy0gOHU. frm
FORM 4.2 (Sep 14 2017) 64-bits

Poles (daw - dJT) -0 -

Analytic pole cancellation!

poles = 0;

Poles (daw — daU) =0

6.54 sec out of 6.59 sec




Integrate do! But...
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INFRARED SINGULARITIES—SUBTRACTION

Well-behaved!

Well-behaved!
No poles!

No poles!

NNLOJET: “A multiprocess parton level event generator”
Numerically integrate each subtracted line!



FLAVOUR-TAGGING

Partonic flavour-tracking

e Two b-jets at leading order.



FLAVOUR-TAGGING

Partonic flavour-tracking
e Two b-jets at leading order.

* More emissions at higher order.

./e

\%9

b-jet

jet/b-jet



FLAVOUR-TAGGING

Flavoured jet reconstruction
* Massless b quarks (ns = 5).

 Truth-tagging in (anti-)k; jets:

e.g. soft bb splitting

Not infrared safe!

* Flavour-k,: soft bb combined first
|#b — #b| # 0 < flavoured

Infrared safe!

[A. Banfi, G. P. Salam, G. Zanderighi, arXiv:hep-ph/0601139]



FLAVOUR-TAGGING

In NNLOJET
e Any existing process.
e All flavours: e.g. TAG_FLAVOUR 5



PHYSICAL PROCESS: WTH@NNLO

Scale variations

production: dynamic scaze Mwh
V5 13Tev e = Mwi (2’1’5)
PDF  NNPDF31_nnlo_as_0118 = et 2 (2717 %)
ARy 05
b-jets:  minimum 2 (flavour-k,) decay: fixed scale my
pib > 25GeV U = My X (2,‘], %)
Iyl < 2.5

leptons: P, 4> 15 GeV
|y +]<25
EL miss > 15 GeV

[arXiv:1610.07922, page 102]



PHYSICAL PROCESS: WTH@NNLO

Run parameters

Vs
PDF
ARjet

b-jets:

leptons:

13 TeV
NNPDF31_nnlo_as_0118
0.5

minimum 2 (flavour-k;)
pLp > 25GeV

lyp| <25

P+ >15GeV

|y +]<25

E | miss > 15 GeV

[arXiv:1610.07922, page 102]

Scale variations

production: dynamic scale Myyy
1
Be = Myy X (2,17 E)

:
BRr = Mwp X (271, 5)

decay: fixed scale my

1
HR = My X (271, 5)

Fiducial cross section

o© =18.617%5 fb

o' = 2270755 b

"0 = 22367047 b



CROSS SECTION & DISTRIBUTIONS
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* Overall reduction of scale uncertainties.
* Regions where new NNLO channels are important can have larger scale bands.



CROSS SECTION & DISTRIBUTIONS

b-jet pair invariant mass b-jet pair angular separation
(mpyp closest to my) (mpy, closest to my)
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* Overall reduction of scale uncertainties.

* my, left shoulder dominated by decay corrections.
myy, right shoulder dominated by production corrections.
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SUMMARY & OUTLOOK

NNLOJET < flavour-tagging

* Fixed-order Monte Carlo event generator - - -

e ... equipped with general-purpose flavour-tagging.
* Demonstrated W*H at NNLO.

* More processes: W H, ZH, Z+b, W+c---

e Flavour-k;: infrared safety, but not used in experiments.

THANK YOU!



