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* Amplitudes for HEFT-GGF and VBF computed with GoSam + Sherpa via BLHA

* Virtual amplitudes: GoSam with Ninja
Scalar integrals with Onel.oop

* Tree amplitudes and integration with Sherpa and Comix

* Phenomenological analysis via generation of ROOT NTUPLES

* GGF Events: H+1/2/3jets for 8, 13, 14 and 100 TeV
VBF Events: H + 2/ 3 jets for 13 TeV

* For kt / anti-kt with R = 0.1 (or larger)
* Allows for fast analysis, change of scale, pdf, cuts, jet-tagging

* Full theory (GGF): Reweighting of HEFT ntuples with amplitude carrying full quark mass
dependence
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General settings (GGF HEFT, GGF Full, VBF)

-

, H, 1 T
* Scale choice: HF =HrR =75 =3 <\/’”fl +pru+ Z \P’r.zl)

* PDF: CT10nlo or CT14nlo (see single plots for details)
* Masses: mpy = 125.0 GeV, m; = 172.3 GeV, my(my) = 3.38 GeV

Cuts

/ Baseline cuts: anti-kt with R = 0.4, pr > 30 GeV, 5| < 4,4\

VBF cuts loose: m41.52 > 400 GeV, |Ay;i 2| > 2.8

\ VBF cuts tight: mj1, 52 > 600 GeV  |Ajq 2| > 4.0 Y,

Durham 10.-12.1.2018  Nicolas Greiner Page 3



1 %) University of _
) Zurich™ Total cross sections GGF at 13 TeV

Physik-Institut

Total inclusive cross section in gluon fusion at 13 TeV
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GGF baseline cuts GGF with VBF cuts

Exclusive jet-bin cross section for gluon fusion{at 13 TeV ‘ Exclusive jet-bin cross section in GGF at 13 TeV
! ! ! f \ \ \ \
H+1 jet NLO mm  H+42 jets NLO mm  H+3 jets NLO mm H+2 jets NLO mm  H+3 jets NLO mm
Tfi 10 F GoSam+Sherpa E 2 1
— F Baseline cuts n rpa j = e .
= CT14nlo ] - VBF loose cuts GoSam+Sherpa
% S CT14nlo
o (%]
e &
1k .
0.1 |- =
0.1 - |
0.01 . 0.01 3 9
b ! ! ! ! ! ! i | | | |
1 2 2 3 3 4 2 3 3 4
Njets Njets

« Large fraction of cross section only described with LO accuracy

» Application of VBF cuts enhances contribution of additional jet
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Exclusive jet bins: GGF vs VBF

Oexcl [pb]

GGF with VBF cuts

Excluslve jet-bin cross section in GGF at 13 TeV

H+2 jets NLO - H+43 jets NLO ]
1+ _
[ GoSam-+Sherpa
VBF loose cuts CT14nlo .
0.1 | 3
0.01 |- =

3 3 4
Njets
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Oexcl [pb]

0.1}

0.01 |

VBF with VBF cuts

Excluswe jet-bin cross section in VBF at 13 TeV

H+2 jets NLO -

VBF loose cuts

H+3 jets NLO [

GoSam+Sherpa

CT14nlo

3 — jet contribution are of very similar size in GGF and VBF

Njets

Contribution of additional jet considerably smaller in VBF compared to GGF
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Simplified Template Cross Sections (STXS)
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ya
N [ =k f[ = 2t | |[ > 2det 5 5% | v _[Bsw]
=] | pl[0,200 |
» W
[>2ktVHauts |-

| > 2-jet VBF cuts|

ches proceedings ‘15]

« Analyse both GGF and VBF signal for STXS bins
-> Determine composition for each bin
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Simplified Template Cross Sections (STXS)

Simplified template cross section bins for H+2 jets

BN H+2j VBF NLO BN H+2j GGF NLO
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Simplified template cross section bins for H+3 jets N H+3jVBFNLO W H+3j GGF NLO

mj; > 400 GeV, Ay > 2.8, pfi99s1 > 25 GeV, p{i9% < 200GeV, pl* < 30 Gev

mj; > 600 GeV, Ayj > 4.0, pl995J > 25 Gev, pH9% < 200GeV, p <30 Gev

0.0 01 02 03 04 0s 06 07 08 09 10 0.00 0.05 0.10 015 0.20
Fraction of cross section Total cross section [pb]

Based on H+3 NLO for both GGF and VBF
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Plan: Compare this to the expected composition from experimentalists for fiducial
cross sections

simplified template cross section bins for H+2 jets VB NLO 42 GGF NLO
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Adding decays H — vy, H— > ZZ — 4l toanalysis ¢/

Rivet analysis for both decay channels for ATLAS and CMS
(4 analyses) v/

Setup checked against YR4 results v/

TODO
« Extend analyses to incorporate alternative tagging schemes

(y-tagging)
* Run analyses and produce fiducial cross sections (total
cross sections and differential distributions)
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| | | — Hlind 1 Transverse Momentum of Higgs
wnireE a0 GoSam + Sherpa — H4lexd |
- pp— H +1,2,3jets at 13 TeV — H42exd
| | — H3edl o Ratio plots normalized to
I e S R S | inclusive H+1
=
U [
N » Jet multiplicity has considerable
110*3; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I e T impact on distribution:
B - ~120 GeV: 2 jet
g contribution more important
BT LS than 1st
e I - ~250 GeV: 31 jet more

I . important than 1st

o | | 1 e - ~300 GeV: 4t jet dominant
5 | ' ] contribution
3+:_ -> Requires multi-jet merging

E (Meps@NLO in progress)
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VBF cuts on GGF contribution

Inclusive baseline

Inclusive VBF
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After applying VBF cuts on GGF (preliminary plots)

H + n jets comparison
H + n jets comparison
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How can we separate GGF from VBF ??
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: N
* Apply Google’s Tensorflow machine )
learning algorithms to distinguish between I. Tensor
GGF and VBF
« Use ntuples for GGF and VBF as training/ ptH_ggf ptH_vbf
evaluation sets -

. 102-
* Input variables:

100

PT,H DT j1,52: Mjjs APjs, yj1 52, Ayj; prLgolrec PP
10*
. Ya — (%) R _ Pr,j1j52 107 -
T T Ay T prg1 P .
) " ratio_gyf " ratio vbf
* Accuracy for H+2: ~70%, H+3: ~65% M\M
(highly dependent on composition of set) 1/ N\ VWV | ]

T T T T T T T T
0 200 400 600 800 1000 O 200 400 600 800 1000

« WORK IN PROGRESS (PRELIMINARY)
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H+2 jets: \s=14 TeV, 540 GeV [ T Wiz NO prtag N0 e 100 |
1 m';‘""””';‘"' — H+3 L0 pr-tag —  H+3 NLO pp-tag 3
r — H+3 LO y-tag (< 100) —  H+3 NLO y-tag (= 100) [
0.9 HEJ _ . . . , , , ]
MCEM [Snowmass Working
0.8 i}
T or | group report QCD:
~ 1 1310.5189]
A 06 =
© -
~ 05 3
0 5
2 04 i
n =
%L 0.3
0.2 ™ I
0.1 ' : : :
R e B O v
Ay(j1yl2) p'r-jet taggil'\g (upper) '& y-jet tag,tging (lawel:) . . I
6F m'TmL',',', e ]
. y-tagging leads to non-flat K-factors fo FAETE
certain observables, i.e. rapidity differenc 20 - —————

between tagging jets

* Discrepancy between HEJ
[Andersen,Smillie '09, '111and MCFM
[Campbell Ellis,Williams '10] can largely be
resolved by adding NLO corrections

Leading dijet rapidity separation y;, 5,
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Finite mass etfects
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Total inclusive cross section with gluon fusion cuts at 13 TeV
H+1jet [ H+2 jets [ H+3 jets [ « Slight reduction of NLO

7 10 L e B corrgct.lo.r?s at higher
S o : multiplicities
69 1L - - .- _ .

: - « Relative difference due to

- GoSam+Sherpa prjet > 30 GeV : bottom quark contribution
; 2.00 0
o} -
Sisf L T T T O(1%)
8 LD oo TR S « Sign flip in corrections due
ool S T N S N U to top-bottom interference
; 1 \ T \ 1 | \ | | = o .
E 182 5008 DS A A - Possibility to estimate NLO
Q103 T e cross section in full theory
Sl02E e e from K-factors of effective
& 100 11 1 I R I R N B theory *

o% Oi&&g@ o%. Qg;&“g&’“ oé’& oi«“‘é«“’“

$ P NSRS NURSEVRY
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102 [ LOHr1(x10) NN LO M4l (x10) EEEE NLO HA1(x10) | 3
g towe me onca.  mmowowe | ¢ Transverse momentum related
10 3 LO H+43 (=10) B LO H+3 my, (+10) WM NLO H+3 (=10) E )
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= £ pp— H +1,2,3 jets at 13 TeV ] . . .
& 107 L creer—oasna e < s -y 1 gignificant corrections
B 1072 . :
EEIO_J
%§~10—4

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

T o) subdominant compared to mass
g effects.
101
: o . :
3 * Very similar behavior for the three
* different multiplicities
1071 b ‘Ratio wrt. LO using s —> oo approximation.
gg 10°
<
101

1 1 1 1 1 Il 1
0 100 200 300 400 500 600 700 800 900 1000 Page 23
Higgs boson transverse momentum: pr g [GeV]
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w'p O, (10)  — - LOH+Lm, (x10 ] Comparison between top- plus bottom-
0% o3 (410 L0 H43 m, (+10) quark and top-quark only results:
GoSam + Sherpa

101}
F pp— H +1,2,3 jets at 13 TeV

CT14nlo, R = 0.4 anti-kT, |njet| < 4.4, prjer = 30 GeV

S - Difference well below scale
= uncertainty and never exceeds 5%
=3 l()’i:

=
o
|

* Primarily concerns soft region

10-9[

01l
' A « Depends on jet multiplicity

3 T S ——— =] « Destructive interference in the total

2 oo ] H+1j cross section stems from soft

o ' S s B region, whereas contribution becomes
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oos | (SRR :
1 1 ]
T T '

I I
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. 1.05F .
S : ]
= 100k .
o
-

o
©
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Mass effects in GGF

do/dpr,j, [pb/GeV]

X / LO H+2

X/ LO H+2 (veto)

T T T T T T T T
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100 — —_—
1071 GoSam + Sherpa
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« pr.g < 100 GeV : Veto on Higgs p; can effectively reduce mass effects
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« Gluon Fusion contribution strongly influenced by higher jet multiplicities
-> Requires jet merging to improve accuracy of prediction

» Mass effects dominant in a region beyond ~200 GeV
-> Breakdown of HEFT approach
-> Effect of bottom quark mass negligible

« Work in progress:

« MEPS@NLO for merged sample of H+1,2,3 in GGF
* Results for fiducial cross sections for 4 — vy, H— > ZZ — 4l
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