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Introduction
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* Using Sherpa 2.2.10 with OpenlLoops 2.1.1 (ATLAS)/OpenLoops 2.1.0 (CMS)
I Using ppjjhh2 OpenlLoops process library

* “VBF-Like” Selector in run card:
I FastjetSelector Mass(p[4]+p[5])>100. antikt 2 40. 0. 0.5
I (= 2 anti-kt jets with pt > 40 GeV, m;; > 100 GeV, no minimum 75, and AR;; > 0.5)

* Two step generation; using libraries from HEFT model.
* Exclusive 2-jet, NLO process
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* Already essentially covered by existing ggF HH samples?

| | 11-Nov-20 Hoh, Hyneman - LHC Higgs Working Group Workshop S:_AC /E%EE%@R


https://gitlab.com/Lindert/hhjj.git
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* Almost entirely shape comparisons (arbitrary y scale)
! 2':%+'"(*$’:1(%3*)("(’)(18)
* ATLAS studies use 10,000 hhjj events; CMS studies use 5,000 hhjj events
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Sherpa hhjj Cross Section:
Rachel: 0.00229441 pb ! (1.1037e-05 pb =0.481038 % )
Siewyan: 0.00256453 pb ! ( 0.000730388 pb =28.48 % )




Overview
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Comparisons of
Quark/Gluon Jets In
Sherpa hhj) Sample
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Technical Details
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 When multiple jets are matched to the same quark/gluon, take the jet with the
minimum " #
| 2966"#"(,.<*2-%#6"% %G%.()*K")%3* *+-%o(-%o#t*(-%* (+'*:%()*"#%*P 7"#D*"
<$7'*,.,(,"(%3*

1S ()% HY%* " #="3, Z%3*("*)-'+*#%3"(, GY*&H#"8(, . *' &*%"8-*%6G%. (*(:6%6**




1"#$%&™ ()#%*)(+%,-."#I1+2%34.6658(8"()$9

*) (%7

L THS" % "&'S()*+,-./+
#)0-$1'$" (" (/128/(4+
(5'$+60".71
"$"("(/2

L")+ 8, 48/&(.'+
%-.+#)0-$960'T
"$"("(/2+3/(4

| -$4"A(/B(+
-4/.<'("-$4+%.-,+
-(5+:=19>?@>1+
4(02"/4+

| | 11-Nov-20 Hoh, Hyneman - LHC Higgs Working Group Workshop

)

Fraction of Total

O |

I"H$%QH"

" &) (0 E
12+4+-&"1,3(4%#2% [
5+0R'3+HIBT 4429 £

Hard Scatter Jet P, [GeV]

Entries 2078

i ean
’’’’’’




1"#$%&™ ()#%*)(+%,-."#I1+2%34.6658(8"()$9

3 0.22
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02

-0-

i
U.

Sherpa hhjj Studies

¢ AllJets
A Quark-Initiated Jets
Y Gluon-Initiated Jets

¢ All Jets
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Quark jets
significantly more
forward than gluon
jets (more VBF-like)
Quark jets also less
massive
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* Few qq events — consistent with observation of more gluon-initiated jets

* Gluon-gluon events tend to have lower mjjand " $;; (less “VBF-like”) !fo%&'()“f&'()*

%&'()*+/.'01
* Hard to draw conclusions about quark-quark events due to limited 2." 94.'01+/.'01
statistics, but expect to be more like "VBF-like” 2.(3* A ..
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* Looks like quark-gluon events are slightly more broadly peaked in !")#$°/0c$;'/g6§c'(/)*01
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* Significant difference in ms3 spectra — proportionally more gg 2.(3* % ..

events at low mj3
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Comparisons of Quark/Gluon
vs. Parton Shower Jets In
Sherpa hhj) Sample




Technical Details
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by generator filter

@EAXPEWENT | | 11-Nov-20 Hoh, Hyneman - LHC Higgs Working Group Workshop O SLAL v



Parton Shower Initiated
All Hard Scatter Initiated

Parton Shower Initiated
All Hard Scatter Initiated

* Relatively consistent
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Generator Comparison
Sherpa vs MadGraph5 hhj
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Technical Details

I A/$/.'(/2+BCCC+="2#.'85B-b535/$(4+(-+8/.%-.,+&-,8'."4-$
* No parton-level filter applied to MG5 sample
* Applying an “analysis” level filter to both hhjj samples to obtain better comparison
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. gl)efine as GenlJet (anti-k, 0.4) matched to partons with status code 23(3); using last copy before
ecay

* Excluding partons decaying from Higgs (and jets matched to these partons)
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* Looking at status code 62(3) and last copy before decays  a(MC@NLO hhijj Cross Section:

Sherpa hhjj Cross Section: xsec_match [pb]
4.576e-02 +/- 6.652e-04

Total XS is 0.00256453
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Comparison of Filter Effects
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Comparison of Filter Effects

m..
| 5'#%*"W<ES,D%X*%G%.()*,.*57T*)"=6$%*%(}3'+* Black: Before filter

| 4"GY%"(@*2-%#6",.-%#%.($:*&" G DSHE-, $%6* Red: ggF-like
52T*3'06)*. (*L)*("DY*8'=6"4, )" ) +, (-*"*<#", * Green: vbf-like
&) $(M*

Sherpa Madgraph

g GenAK4j12m g GenAK4j12m
E Entries 5000 Entries 4994
L Mean 181.4 - Mean 97.49
10° = StdDev 2229 10° = Std Dev 139.5
E+ E*_""'—o-
== : il
- +
L - gl
+ 107 b= N
. +++"H'+-H- e - -'-_':t"t"
: + _—-.-'*_ -, | 10 B .+++ T ';'} ! I-%-\— 1)
— T T, = +,. F =
E - BELRE SLILE -~ W = "' “" | _+—‘I_',_,1,.\ Lo+
Ht il i T - T+ FTH T3 10
10 — ‘I_‘H__‘» | AL, B 1| ‘J .‘.T+ § B
E L - ‘ =+ | + + .
- t b4l 3 | il
0 'II(I)Q""ZCI)O'"'3(')0'"'4('}0'"'5(;0'"'G(;O""?éo""8(;0"1'9010"';000 _IllllIllllllllllllllllllllllllllllllllllllllll ||
700 800 a00 1000
GenAK4j12m [GeVic2] GenAK4j12m [GeV/c2)

| | 11-Nov-20 Hoh, Hyneman - LHC Higgs Working Group Workshop N SLAC ’E?%EE@SLE?R



Generator Comparison
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Generator Comparison

Leading and Subleading Jet L
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Generator Comparison

Leading and Subleading Jet Mass
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Generator Comparison

Dijet Kinematics
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sherpa/MG5

Generator Comparison

Higgs Kinematics
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Comparison with
Madgraph+HW?7
VBF HH Sample
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Technical Details
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* Using 8161 events (10k, removing VHH events)
* Ignoring jets matched to Higgs b-decay products ("#;, & ' () )

* Tagging “VBF” jets based on proximity to truth quark ("#;, & ' () )
| 166$:,.<*W"."$:),)*$%NGY$X &, S(WA*CBEW)( =,(,<"(%*3,8&&%0#%.8%)*&H =
)%$%8(‘#
 * +jetswith,t- ) GeV,.

* Also requiring $; & 0

jj - /" GeV, and " #]] - (O
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* Both of these
variables are

commonly used
in VBF analyses
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m,, distribution more strongly peaked in Sherpa hhjj sample than in VBF sample

| Similar p2* distributions

' Much “peakier” ARyy distribution in Sherpa hhjj sample 2-(§*%$C@")@@5!
I Different production modes, so do expect real Higgs kinematics differences ' %$<2BBET
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OBack of the EnvelopeO Estimation

hhjj Contamination in VBF Analyses
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Conclusions

| G'</+8./4/$(/2+,'$*+8"'.))+4(02"/4+-%+!5/.8'6538',8)/+%.-,+;-(5+:=!+'$2+
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| - 8. "$#+60'.7  1<AW+H) QS (" (/2+3/(40+&'S+4//+(5'(+15/5533",8)/+&-$(""$4+

4"#$"%"&'$()*+,-./+#)0-$+3/(4+
* MG5 sample contains relatively more light quark jets

| HG'.2+4&'((.L+3/(+7"$/, ("&4+.1) ("</¥4") +(- 8'.(-$ 45-P/.+3/(40+:0(+4-%(/.0+
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T'4-$")/+.140)(+"$+(/. +-%+'$HO) . +<'."")/+ 45'8/

| HG'.2+48&'((/.L+3/(4+%.-,+15/.8538",8)/+2-+$-(+'88/" . +(-+:/5'</+4( .-S#)*+)"7/+
HIJKL+3/(4+8)"/4+,'$*+ 5538/$(4+P")+;/+./,-</2+%.-,+|IIK+GG+'$)*4/4+

* Rough estimation: order(few %) of hhjj events will contaminate VBF HH analysis phase space
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Generator Comparison

Leading and Subleading Jet D
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Note on HEFT Model

e What we learnt so far, Sherpa does not automatically generate loop-induced

phase space; from HEFT model.
Madgraph
E 2 b . 6 2 b " 6
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\ 5 ' g g
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Graph 4 Graph 5 Graph 6

diagram 1 QCD=4, QED=2 diagram 2 QCD=4, QED=2
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Sanity Check: Quark/Gluon Jet !
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Jet Flavor Content Comparison
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Jet Flavor Content Comparison

Subleading Jet p+
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Generator Comparison

Di-Higgs Kinematics

ggHHjj MC Red: Sherpa

2018 configuration

" Shorpa Blue: MG5
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GenHiggsStatus

0 null entry

1 particle not decayed or fragmented, represents the final state as given by the generator

2 decayed or fragmented entry (i.e. decayed particle or parton produced in shower.)

3 identifies the "hard part" of the interaction, i.e. the partons that are used in the matrix element calculation, including immediate decays of resonances. (documentation

entry, defined separately from the event history. “This includes the two incoming colliding particles and partons produced in hard interaction.” [ *7 ])

4-10 undefined, reserved for future standards
11-200 at the disposal of each model builder equivalent to a null line

201-... atthe disposal of the user, in particular for event tracking in the detector
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