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[Computational setup }

* Amplitudes in HEFT computed with GoSam+Sherpa via BLHA
* Virtual amplitudes: GoSam with Ninja
-> scalar loop integrals evaluated using

* Tree amplitudes and integration: Sherpa with Comix

* Phenomenological analysis via generation of ROOT Ntuples:
* Events for: H+1 / 2 / 3 jets; available for 8, 13, 14 and
v'For kt/anti-kt algorithm and R=0.1, ..., 1.0

v'Allow for fast analysis, change of scale, pdf, cuts, jet-tagging

* Full theory result generated by the Born HEFT Ntuples
with the amplitude carrying the full quark mass dependence.

* Publicly available on:

eos.web.cern.ch

I@ https://eospublic.cern.ch/eos/theory/project/GoSam | LrgeDiseSorageat CRN


https://eospublic.cern.ch/eos/theory/project/GoSam

[Physical setup

For both Higgs effective field theory (HEFT) and full SM:

: H. 1
scale choice: jir = pr =" =7 (\/mEI +phy+ Y -pT,,;I)

PDFs: CT10nlo or CT14nlo (see the single plots for details)

 masses: mpy = 125.0 GeV, m; = 172.3 GeV, my(my) = 3.38 GeV

Baseline cuts: anti-kt with  pr > 30 GeV, |n| <44

- Additional VBF cuts: mj, j, > 400 GeV, |‘ij1‘.j:z| > 2.8

- Remark: basic Ntuples sets have events with pr > 25 GeV, |n| < 4.5 for the jets at the
generation level
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{Total cross section at 13 TeV J
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Total cross section at 13 TeV: exclusive jet bins

Exclusive jet-bin cross section with VBF cuts at 13 TeV
T [ I

Excllusive iet—b{in Cross secFion with p:l‘uon fusion Icuts at 13 TeV
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Relative enhancement of the (n+1)-jet contribution in the VBF fiducial region
» Larger portion of cross section described only at LO accuracy
> i.e. theoretical uncertainty increased in the VBF fiducial region

H+3j allows to determine radiation of a third jet with NLO accuracy
> Fixed order approach limited. Merged and matched (e.g. MEPS@NLO) sample
allows to combine better NLO predictions and takes also PS effects into account
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do/dm;,j, [pb/GeV]

VBF selection observables at fixed order
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Question from WG conveners:

How do predictions with baseline cuts relate to
VBF selection predictions?

» Can only be inferred from m; and Ay,
distributions (if available)

P (Ags,4a)

L
3;

R

do/dAy;, 4, [pb

't

:‘.
e
T

10t =

1095

T T
+2 NLO pr-tag
+3 LO py-tag
+3 NLO pp-tag

— H+2 NLO y-tag (= 100)
—  H+3 LO y-tag (= 100) 7
—— H+3 NLO y-tag (= 100)

|

104

GoSan

pp— H + 2,
pr jet-tagging (uppe

+ Sherpa

3 jets at 13 TeV : '

) & y jet-tagging (lower)

0.0k

Tagging jet rapidity separation: Ay;, .,



[arXiv:1605.04692]

! 15/11/2016 - Gionata Luisoni Higgs XS WG1 Meeting



102

deo/dn; [pb]

10"

10~

15

Ratio to Powheg
[y

0.5

=
(%) |

0.5

Ratio to Powheg
-

1.5

Ratio to Powheg
[

0.5

Inclusive jet multiplicity

T T T T TTTT

[ |

— Powheg NNLOPs
SHERPA NNLOPs

Lo rtill

LH1s pp — h + jets comparison

== MG5_aMC FxFx
——— SHERPA MEPS@NLO |
| = HERWIG 7.1 =
Foseees Hej :
L GOSAM+SHERPA :
" hj === NLO &%= MiNLO === nNLO ]

| |
L | | | ‘ :
E ! | | | :
E | | | ‘ :
- | i | \ ]
r \ | 1 ‘ :
>0 Z1 =2 =3

=
I

Question from WG conveners:
How do one assign theory uncertainties if
one use a MVA discriminant?

Very hard to tell from a theoretical
perspective.

Merged sample, e.g. MEPS@NLO, probably
best mean to check MVA uncertainties

» NLO accuracy over several multiplicities
and also PS effects considered..

HOWEVER

Matched and merged samples can account for
theoretical scale uncertainties of different
multiplicities and also parton shower effects
BUT one has always to take the resulting
uncertainty with grain of salt, depending on
the observable under consideration!!
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Question from WG conveners:
How do one assign theory uncertainties if
one use a MVA discriminant?

Very hard to tell from a theoretical
perspective.

Merged sample, e.g. MEPS@NLO, probably
best mean to check MVA uncertainties

» NLO accuracy over several multiplicities
and also PS effects considered..

HOWEVER

Matched and merged samples can account for
theoretical scale uncertainties of different
multiplicities and also parton shower effects
BUT one has always to take the resulting
uncertainty with grain of salt, depending on
the observable under consideration!!
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Total cross section: 13 TeV

Total inclusive cross section with gluon fusion cuts at 13 TeV
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* 0LO,m,; : top- and bottom-quark loops
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1021 LO H41 (x10)  — LOH+1mes (x10)  — NLO H-+1 (x10)
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pp— H 41,2, 3 jets at 13 TeV

Z 10~ CT4nlo, R = 0.4 antikT, [njec| < 44, prjec =30 GeV
- Transverse momentum related 3 s |
observables known to receive Elo-“
significant corrections :Ej .
o~

- Effective theory starts to break :
down at pr. g ~ 200 GeV and NLO .
corrections start to become

L 1 . 1 L L
Ratio wrt. LO using m — co approximation.
B - - B - : - B . :

subdominant compared to mass T ———— e 3
effects. S
)
107" — :

L 1 L N .
Ratio wrt. LO using m+ — oo approximation.
" | " . : - " ' g

* Very similar behavior for the three
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Higgs boson p-

» Ratios of successive

differential cross sections:
d—U(HnLnjets)
Rn(o) = d dO
a .
E(H%—(n — 1) jets)

> relative importance of higher
multiplicities remains stable
under mass corrections
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H+2-jet vs. H41-jet differential cross section ratios.
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(Higgs transverse momentum spectrum at 13 TeV J

* Importance of exclusive H+2/3 jets contribution in Higgs p; spectrum:
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Around 200 GeV
(where HEFT is still reliable):

* NLO H+2j excl. is
of NLO H+1j inclusive

* NLO H+3j excl. is
of NLO H+1j inclusive
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i pp— H +1,2,3 jets at 13 TeV
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Regime in which HEFT breaks down is reached more easily when a harder pT cut is imposed.

Mass effects therefore become much more important!




Higgs plus jets in GGF with VBF selection cuts

* In order to estimate the size of the GGF contribution in the presence of VBF
selection cuts, add the following requirements to the baseline set:

My, = 400 GeV, ‘ijlng‘ > 2.8
* Effects of these cuts on phase space:
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Higgs plus jets in GGF with VBF selection cuts

* In order to estimate the size of the GGF contribution in the presence of VBF
selection cuts, add the following requirements to the baseline set:

mj, j, > 400 GeV, |Ay;, 5| > 2.8

* Total cross section:

Numbers in [pb] | H42 jets | H+3 jets
TLO, eff. 0.397154% | 0.16615%%
TNLO, off. 0.584719% | 0.23173%,
TLO, Mty 0.404755% | 0.167152%
TLO, m, 0.39875°% | 0.1657525

* Similar pattern as without VBF-type cuts

« Same conclusions hold also for many differential observables like for

example Ag;, j,
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Radial distance between tagging jets

 Effects of VBF selection cuts wrt. baseline cuts:
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Conclusions and Outlook

* VBF fiducial cuts to radiation: larger uncertainty

predictions can help estimating uncertainties BUT their
reliability depends on the observable under consideration!

* Higher order QCD corrections to Higgs boson production in association with
jetsin ggf are and also larger multiplicities (>2 jets) need
in order to reach a reasonable theoretical accuracy

* Depending on the kinematical cuts (especially p; requirements),
will play a major role in differential distributions

> Even if this may not be highly relevant for LHC Run Il, boosted analyses
and future runs will be very sensitive to this

> VBF selection cuts do not particularly enhance mass effects
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Total cross sections in number

! 15/11/2016 - Gionata Luisoni

Numbers in [pb]

PT, jet > 30 GeV

PT, jet > 100 GeV

NE 13 TeV 100 TeV 100 TeV
H+1 jet
TLO. off. 8.06735% | 19672L% 557130
ONLO, eff. 13.3519% | 31510 % 88.8711%
TLO, my s 8.35735% | 2007207 52.31720%
OLO, m, 8.40738% | 201720% 51.3%24%
H+2 jets
OLO. off. 2.99738% | 1247307 16.575 50
ONLO, eff. 4557158 | 1561, 23.3%9%,
TLO, mu s 3.08758% | 1211397 13.2+31%
TLO. m, 3.05755% | 120759% 13.0731%
H+3 jets
OLO, off. 0.98775% | 70.4155% 5.131756%
ONLO, eff. 1457 10% 1 72.0710% 6.5272%
TLO. me s 1.00777% | 63.3307% 338157
TLO. m, 0.99%77% | 62.7735% 3.32150%

Higgs XS WG1 Meeting
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Wimpiest jet p;

* Full theory predictions start to
deviate from effective one even
earlier for H+2j and H+3j

> consequence of the pT ordering of
the jets:

> There hast to be 1 or 2 harder

jets that drive the breakdown of
the effective theory approach

Higgs XS WG1 Meeting
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Massless bottom quarks
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* Comparison between top- and bottom-quark
predictions and top-quark only results:

GoSam + Sherpa
pp— H +1,2,3jets at 13 TeV 1
CT14nlo, it = 0.4 anti-kT, |Mjer| < 4.4, prjer = 30 GeV
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Massless bottom quarks

T T T T
——  LO H+1 my, (x10) — - LO H+1m, (x10)

10° — LOH42my, - - LOH+2m,
- Comparison between top- and bottom-quark o R T
predictions and top-quark only results: = e, PRSI
\;:_%10*3
> difference is well below scale uncertainty EW
and never exceeds 5% $
106 -
> primarely concerns soft region ol i,
> is multiplicity dependent : “E ’
:WI-TIUU:L“___*_,_.‘..-— T B e T
> destructive interference observed in the = nos | . ‘
total H+1j cross section stems from the soft . Rt et L0 pung bt heppanas e
region, whereas net contribution becomes g
positive in regions where the bottom quark > ™F. . - T L MU
can be considered as massless. 2 oss b [ere] | | ‘ :
= 105
> Leading jet p; Dt

1 1 1 1
200 400 600 800 1000
s 1M o=1 - rarg . iy T
15/11/2016 - Gionata Luisoni Higgs XS WG1 Meeting Leading-jet transverse momentum: py j, [GeV]




