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Jets play many roles in Higgs searches:

They may come from Higgs decay [ bb)

They may help distinguish di erent Higgs-production meiias
(VBF v. gluon-fusion)

They may help distinguish signal from background,
e.g. jetbinsilH! WW v. tt ! WWhbb

This working group's aims:

Identify where further theory progress needed on jeteéltipics.
Provide advice and/or prescriptions for uncertainties egwtral
predictions, where possible
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Two public subgroup meetings since last plel

12 October:
https://indico.cern.ch/conferenceDisplay.py?confld= 211870

I Presentation of experimental needs
I Analytical theory predictions fogg ! H in O-jet, 1-jet & VBF bins

29 November:
https://indico.cern.ch/conferenceDisplay.py?confld= 218887
I Predictions from latest MC tools fogg! H with VBF-type selection
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Jet issues in Higgs physics

ita & INFN, Roma I (IT}), Gavin Phillip § n (CERN), Frank Tackmann (DESY), Bruce Mellade Garcla

012 from 15:00 to 18:00 {Europe/Zurich)

- TH Conference Room )

Video Services EVO Meeting Fri 12/10 from 14:30 to 19:00 ; Phone Bridge 1045934100, More Info

Friday, October 12, 2012

15:00 - 15:15 CMS Report 15’
Spealer; Pasquale Musella (CERN)
Material: | slides )

16:25 - 15:40 ATLAS Report 15"
Speaker: Elisabetta Pianori (University of Warwick (UK))
Material: | slides

1550 - 16:05 Theory uncertainties in Higgs+2 jets 15
Speaker; Shireen Gangal
Materi slides )

16:15 - 16:35 Discussion on key questions/needs re Higgs+2jets to the MC subgroup 20"
16:35 - 16:50 Resummation for jet-veto in Higgs + 0 jets 15'

Speaker: Pier Francesco Monni (ITP, UZH Zuerich)

Material: | slides )

17:00 - 17:15 Resummation for jet-veto in Higgs + 0 jets 15*
Speaker: Thomas Becher (University of Bern)
Material: slides )

17:25-17:40 Resummation for jet-veto in Higgs + 1 jet 15"
Speaker: Liu Xiaohui
Material: | slides )
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Jet issues in Higgs physics

chaired by Da v a1 (IT}), Gavin Phillip Salam (CERN), Frank Tackmann (DESY), Bruce Mellad
(University

0 to 13100 (Europe/Zurich)

Manage =

Video Services Vidyo public room ! Jet_issues_in_Higas_physics More Info | Join New! | Connect 40-R-D10

Thursday, 29 Novernber 2012

09.00-09:30  H+njets with HE] 30° a
Speaker: Jeppe Rosenkrantz Andersen (IPPP, University of Durham (UK))
Material; | slides =

09:30-10:00  H4njets with MINLO 30° a
Speaker: Paolo Nason
Material | slides L]

10:00-1030  H+njets with aMC@NLO 3¢° L
Speaker: Stefano Frixione (CERN)
Material: | slides

10:30 - 11:00 H+njets with Sherpa 30" o
Speaker: Marek Schoenherr (University of Durham)
Material: | slides
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Experimental cuts
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Cuts for H!

WWwW

H->WW ATLAS CMS
two jets pr>30 GeV and|n| <4.7
o Anj; > 3.5, my; > 500 GeV, central-
2 jets  [none jet veto (CIV) of 30 GeV
anti b tagging
1 jet with py > 25(30) GeV for one jet with pr> 30 GeV and
1Jet In] <2.5(2.5<|n| <4.5) Inl <4.7
anti b tagging anti b tagging
. . no jet with pr > 30 GeV and
. no jet with pr > 25(30) GeV for
0 jet Jet with pr> 25(30) Inl<47

Inl <2.5(2.5<|n| <4.5)

anti b tagging

Gavin Salam (CERN
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Cuts for H!

H->Tt ATLAS CMS
>
VBF: priet2 > 25 GeV, An; > 3, & leptonic: Anj; > 3.5, m;; > 500
ﬁ m;; > 400 GeV, anti-b tag Q r~ |GeV, CV (30 Gev)
2 g n3
JEt S |VH: 30Gev<m; <160GeV. 88—
< i . w £ |hadronic: Anj > 2.5, mj; > 250
A |prierz >25GeV, An; <2, anti-btag | § T Gev > 110 GeV
S |(+ boosted sel veto) ~ ® + P
=
g boosted: pr > 100 GeV (+ VBF [leptonic: one jet with pr >30GeV,
o sel veto) |n|<4.7 and anti-b tag
1 jets o
g 1-jet: veto of the other three, [hadronic: one jet withpy >30GeV,
My > 225 GeV |n|<4.7 and anti-b tag + pm > 140 GeV
. jet with pr >30GeV, | n|<4.7
Ojet none no jet with pr eV,|n]

used only for normalization purposes
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Cuts for H!

H->vy ATLAS CMS
:3: tight: ptier,2 > 30GeV,
A |my>500GeV
. two jets, prjet > 25 GeV, An > 2.8, =
2 jets : £~
J m;; > 400 GeV, Ady;zy > 2.6 S [loose: not tight + ptiec >
D 22 130 GeV, ptin > 20 GeV,
S % |m;>250 Gev
EVEI’Vthlng veto on 2jets + categories based on photon kinematics and
else properties

Gavin Salam (CERN

(*) Z = the difference between the average pseudorapidity
of the two jets and the pseudorapidity of the diphoton system
is required to be less than 2.5

NB: 2j;2 Cut acts a bit like a jet veto

Jets in Higgs Searches



Theory for 0-jet bin
important fogg! H! WW

I O-jet requirement suppresses ! WWhbb bkgd by factor 100

I To extract couplings, must know fraction aijg! H that survives veto
i.e. has no signi cant ISR radiation

| Butjet veto scale 25 30GeV my ! large logarithms

cause problems for xed-order perturbation theory
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What are genuine uncertainties in xed-order calculafrc

Total cross section series: ot ' 10(1+10 ¢+36 § + )
Vetoed cross section serieSyetre '  10(l+4 +8 § + )
Better-looking perturbative series gives spuriously lmale uncertainties

Stewart{Tackmann "11: write veto@NNLO = tot@NNLO 1-jet@NLO
Treat uncertainties in total and 1-jet as uncorrelated.
New procedure. Worthwhile cross-checking with other prdwaes.

Higgs + 0 Jets

10 e A L A
fl 99 — H+0 jet (NNLO)
s
W R
£ 6
o Een=TTeV 3
g, my=165GeV 3
€ —p=mp/2 E
""" p=mpg
2 ——p=mp/t
i combined incl. unc. J
i\ VAT 1
00 10 20 30 40 50 60 70 80 90 100

Py [GeV]
[HNNLO, FEHiP, MCFM]

Stewart & Tackmann '11



What are genuine uncertainties in xed-order calculafrc

Total cross section series: ot ' 10(1+10 ¢+36 § + )
Vetoed cross section serieSyetre '  10(l+4 +8 § + )
Better-looking perturbative series gives spuriously lmale uncertainties

Stewart{Tackmann "11: write veto@NNLO = tot@NNLO 1-jet@NLO
Treat uncertainties in total and 1-jet as uncorrelated.
New procedure. Worthwhile cross-checking with other prdwaes.

Higgs + 0 Jets

30

: . - . .
| PP. 8 TeV, my = 125 Gev with efficiency [NY H H . H
\

P :i a:s@;zggzrvgégps sith Stewart-Tackmann 7221 Alternative view: two phyS|CaI e ects

2 ‘j\ ani- jets scale variations 77777/}
\

\
\

I largeK-factor in g

I Sudakov suppression (veto
eciency = = veto™ tot)

Treat veto e ciency and total cross-

, , , , section uncertainties as uncorre

40 60 80 100 120 Iated .

Prveto [GEV]
YR2 Stewart & Tackmann
Ban et al '12

\
\

A\
A\

S9(Pvero) [Pb]




Summing logs oMy =P;-veto

Part of issue with jet veto is large logarithms at all orders:

NLL resummation is remarkably simple: pure Sudakov form factar jegts
= no radiation)
m #
veto e ciency (p;) = exp |_91£Z SL; + PZ({ZSLB + L In—
NLL
resummation functiong; and g

those inside Fourier Transform of Higge resun®
Ban, GPS & Zanderighi '12

Essentially known since \CAESAR" automated resummationrkvi)3

Gavin Salam (CERN Jets in Higgs Searches Higgs XS WG 2012-12-06 11/ 30



Resumming jet veto at NNL

Story is almost the same at NNLL, i.e. pure Sudakov, plus quasid-order
correction

any number of emissions plus any number of emissions plus
1 gluon splits into two jets 2 gluons clustered into one jet

%& % g S e
b ooty el -

@1 + [(R) g{gt;veto) EA € Lt

NNLL

4 articles on the subject:
Ban , GPS & Zanderighi, arXiv:1203.5773; + Monni, arXiv:120@98
Becher & Neubert, arXiv:1205.380¢
Tackmann, Walsh & Zuberi, arXiv:1206.431:
[Results build on Higgg; resuni of Bozzi et al '03-, Becher & Neubert '10]
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Current situation:

The 3 groups agree on the NNLL result

BN argue for an all-orders factorization formul& (recipe beyond NNLL)
TWZ argue there are still issues there

One group (BMSZ) has published full NNLL+NNLO numerical pretibos.

Two groups (BN+Rothen, TWZ+Stewart) have prelim. numerics
[BN numerics shown at last meeting di er from NNLL by constat}

Plan for YR3:

Document the degree of agreement between the groups
Maybe compare nal numerical results
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Jet veto e ciency NNLL+NNLO results (BMSZ

(Pt veto)

e(pt,veto) / %entral(pt,veto)

0.4

02t

12
11

0.9

0.8

g9

® Hmy=125Gev |

....NNLO -

""" "~ NNLL+NNLO 7777 |
qT-rescaIed; POWHEG + Pythia = ==
Aé T T T T
Wil 0
I
10 2‘0 ?:0 .':_:0 . 7‘0 = lIOO
pl,VetO [Ge\/]

Gavin Salam (CERN
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NNLL+NNLO compared to
NNLO and POWHEG+Pythia
(latter tuned/reweighted to HqT)

good agreement!

NNLL reduces uncertainties from
15%! 9%

[O-jet/  1-jet correlations
available too]

public code at
http://jetvheto.hepforge.org

Higgs XS WG 2012-12-06 14 / 30
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Jet veto e ciency NNLL+NNLO results (BMSZ

i — n’,"r'nge{'z"s .- NNLL+NNLO compared to

- ' NNLO and POWHEG+Pythia
-1 (latter tuned/reweighted to HqT)
] good agreement!

(Pt veto)

~ anwo o | NNLL reduces uncertainties from

NNLL+NNLO [77777/7] 15%! 9%
qT-rescaled POWHEG + Pythia = = —
1 1 " 1 " | |

0.4 ot

2 02t

; 12 7 . . . . [O-jet/  1-jet correlations

§ 1.1 (&/7/7%4;%%/%4 o _ available tOO]

2 L i I

3 09 //////IMA : . . ] public code at
g % 20 @ s 10 100 http://jetvheto.hepforge.org

pl,VEtO [GeV]
Interim prescription:

I Use these NNLL+NNLO uncertainties in WW 0-jet
I Check central values your MC
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Open question: is jet radil® 0:4 too small~

There are all-order terms like

L Fog® H my, <125 Gev ’s“'l LIn" %
-NNL|;\/+NNLO

~ ey If R is too small these become
& ool ] large.
g | : ]

04 Lo £ | Inpractice, choosinqR  1re-

duces uncertainties

3 02K P S T
& M i — ] Should we resum IR terms?
ﬁ 1‘i i b Tackmann, Walsh & Zuberi '12
g O K . Should experiments switch tc
g *0 T Tlo largerR for utmost accuracy?

GeV . .
Proe [56V] + ltering to control UE/pileup dependence
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Theory of (exactly) 1-jet bin

[for WW channel; more complex?]




NLL is within straightforward reach for (exclusive) 1-jet

\straightforward" means no conceptual issues or new ingesds;
assembling known ingredients correctly still involvesdhaork

scales for Is My =pt.veto large enough to warrant resumming two sets of log

1-jet bin
my
NLL resummation

as for O-jet case
log(m 1y /P jets)

Pjett
NLL resummation:
non-global logs (known)
loQ(p tjetl /pt,veto )

Ptveto ON further jets
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Progress on 1-jet bi

Liu & Petriello '12

exclusive 1-jet rate vp.min for jet 1 | \Resum logarithms

L L L I In = i Where
b —  NLL+NLO p=my Q pt,veto[ ] "
' -~ NLO p=my Q mMy  Prijet
2000 — R my/2 < p < 2my N
S . Pryeto = 25 GeV I minimal \NLL " rather full
1000 "\’\.\\ . NLL
:{; L ‘\.\ : .
) , N ] nL2n+ o 02 1instead of
5 500 SRS exp( L™+ LM
S no non-global logs
200 — =
‘ e.g. full NNLL+NNLO
ool Lo b N4LL
40 60 80 100
P.min I A step towards full

understanding of 1-jet bin

Gavin Salam (CERN Jets in Higgs Searches
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gluon fusion (ggF) as
\background" to
VBF 2-jet selection




The Contamination of ggF in
VBF (ATLAS)

U Current event selection applies moderate cuts
on topological variables. Unlikely that cuts will
become much tighter because of loss of signal
rate

0 Typical contamination from ggF+2j is ~30%
U Contamination gets reduced to about 25% with CJV
U Theory error/systematics on ggF+2j large now:

Error (%)

QCD scale uncertainty 25 (30 with cjv)
Underlying event 30
JES 19

Leading total systematic of ~45% on ggF+2j -> 13%
on the extraction of VBF signal (leading systematic)
1



Many recent new MC tools to address t

described by Stefano Frixione in his revie

The jets group very recently \commissioned" a comparison of them
understanding the ggF contamination to VBF.

I aMC@NLO with Frederix-Frixione (FxFx") merging of H+0/1/2-jet
NLO+shower samples. Interfaced with Herwig 6.5

I Sherpa with their merging of H+0/1-jet NLO+shower samples plus
H+(2/)3-jet LO+shower samples Interfaced with Sherpa showel

I MINLO/POWHEG : either H+0, H+1 or H+2-jet NLO+shower
samples. Interfaced with Pythia 6.4 |p;-ordered), Perugia 0 tune

I HEJ: high-energy (large-rapidity) approximation for multiple gia
emissions and virtual corrections + exact H+2/3 ME
Most of these tools are fresh o the pres:s

Comparison studies done in a short amount of tinr
Take following slides as indicative of work in progress eatthan nal word
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Cuts and histograms for comparison stt

Simulation & cuts:

8 TeV pp collisions, Higgs production by gluon fusion
Jet- nding with anti-k;, R=0:4
At least two jets withj jj < 5, pj > 25 GeV

VBF cuts: y; > 2:8, m; > 400 GeV, tagging jets de ned as two
highestp; jets; 3rd jet considered if; > 20 GeV.

Histograms:

1. py1: 25:::200 GeV, 25 GeV steps 6. m;: 0:::800 GeV, 40 GeV steps
2. py2: 25:::150 GeV 25 GeV steps 7 j: 0::: , 10 bins

3. yj1: 5:::51n steps of 1 8. py3: 20:::100, 10 GeV steps

4. yj2: 5:::5in steps of 1 9. yja: 5:::5, steps of 1

5. ] yjj: 0:::8, in steps of 1 [ 10. i ]

Comparison plots: Sherpa (20 GeV matching); MC@NLO (30 Gelching);
MINLO: Hjj sample; all at parton level, without MPI (UE)
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Distributions of ggF+2j BEFORE
VBF topological cuts
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MINLO, Sherpa & HEJ all agree at central jet rapidities;

aMC@NLO 25-30% lower
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CE— MINLO

[ SHERPA
Distributions of ggF+2j AFTERVBF « = =« « = aMC@NLO
topological cuts w— s w=  HEJ
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Ti2
factor 2 di erence between aMC@NLO and Sherpa/MINLO, small er
di erences between MINLO, Sherpa
recall Sherpa is H+2@LO, aMC@NLO & MINLO are H+2@NI



Dependence on matching scale or sample ci

. Sherpa (Schenherr
aMC@NLO+FxFx (FrleOﬂe) Azru)mu|h§separaxiun of the two Ie)aulngjels(\/BFcuts)
SRRRLIA MM MR A
 Qun = 30Ge

0.040
0.030

°
2
®

T T T
Q =70 GeV R

o

0.020

ds/ dDf [pb]

Ratio

s
AQJL]Q

POWHEG+MINLO (Nason)
1

0.02 —
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Di erences easily summarised in cross-sect

tot 2-jets VBF cuts
aMC@NLO FxFxrfig =30 GeV) 13.9pb 1.65pb 0.125 pb
Sherpa Qcut = 20 GeV) 152 pb 2.38 pb 0.225 pb
MINLO Hijj 17.8 pb 2.39 pb 0.234 pb
HEJ | 2.20 pb 0.127 pb

The various di erences need understanding

Study needs supplementing with pure NLO H+2 results (e.g. MCFM
Probably worth examining change of shower in aMC@NLO and MINLC(
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Impact of UE | is it really 30%?

Impact of UE and hadronisation in MINLO + Pythia

_without VBF cuts

with VBF cuts

1 HAD —— o HAD ——
- — PART PART
01+t
0.01 }
0.01 ¢
0.002 | i 9.002 : | |
= HADPART 1 | = HAD/PART
= 5T 1 158 ! |
k] o
2 1 8 1 N
< — —— | < T = -
05 05 I
0 ‘ ; : : : 0 ‘ ‘ ‘ ‘ ‘
t 4 2y(etl) 2 4 6 6 4 2 y(jet1) 2 4 6

my quick & dirty study: Pythia, scaled to NNLO«;, VBF cuts!

UE. 10%

partons, no UE hadrons, no UE hadrons + UE

Py 6 DW (virt. ord. shower)
Py 6 P2011 f; ord. shower)

Py 8 4C  ord. shower)

0.259 pb
0.300 pb
0.320 pb

0.243 pb 0.259 pb
0.292 pb 0.318 pb
0.310 pb 0.330 pb
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Does a 3rd-jet veto help disentangle VBF and gluon-fus

Normal wisdom says use of a jet veto reduces gluon-fusion \gemknd".

But (at least in xed order), it may increase uncertainty on how iciu
gluon-fusion you have.

Preliminary conclusion shown by Gangal & Tackmann:
in xed-order calculations, a 3rd (central?) jet veto does notlp.
Consequence of ST procedure: uncertainty never lower ttaarirfclusive selection
Related dijet resummations: Forshaw, Seymour & collaborat



Other question:

Some analyses make use of Multi Variate Analyses (MVAS)
How do we treat theory uncertainties in those cases?

To help make progress with this kind of question:

Can you identify what the MVA is doing?

E.g. show main kinematic distributions after MVA cuts (e.g. . j),
so that it is clear which regions are being a ected.

Can MVA be forbidden from going into poorly controlled regions?
[Bernlochner, Gangal, Gillberg & Tackmann]
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Conclusion:

Signi cant theory progress on 0-jet bin;
Di erent groups converging in their understanding
Ideally have statement of where we agree in YR3

First developments on the 1-jet bin

Gluon-fusion contamination of VBF is still an open subject,
comparisons ongoing

A big thanks to all the participants (and my co-conveners),
who have contributed gures, numbers, slides, comments!
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EXTRAS
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e Cuts for H  WW

ATLAS

I 0 jet and 1 jet category based on Jets reconstructed with the dati
algorithm, R = 0:4. Jetpr > 25(30) GeV forj j< 25 (25<j j < 45).

I For 1-jet category, anti-b tagging applied.

I no 2-jet category any more

CMS

I Jets reconstructed with the antikr algorithm, R = 0:5. Jet
pr > 30GeV,j j< 47
I O-jet and 1-jet according to above
I 2-jets: > 35, m; > 500 GeV, central-jet veto (CJV) of 30 GeV
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e Cuts for H!

ATLAS | 4 categories: VBF, boosted, VH, 1-jet

I for all, at least one jet withp; > 40 GeV
1 VBF: ptjet2 > 25 GeV, i > 3, m; > 400 GeV, anti-b tag
2 boosted:pr. > 100 GeV (+ VBF sel veto)

3 VH: 30 GeV< m; < 160 GeV pjet2 > 25 GeV, jj < 2, anti-b tag (+
boosted sel veto)

4 1-jet: veto of the other threem ; > 225 GeV

CMS|jetsdened as py > 30GeV,j j< 47

I leptonic 0 & 1-jet: anti-b tag for 1-jet; O-jet used just forarmalisation
I hadronic 1-jet: as above ry > 140 GeV

I leptonic 2-jet: > 3:5, m; > 500 GeV, CJV (30 GeV)

I hadronic 2-jet: > 25, my > 250 GeV,pry > 110 GeV
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e Cuts for H!

ATLAS

I VBF: two jets, pt;jet > 25 GeV, > 2.8, m; > 400 GeV, .2 > 26
NB: 2i;2 cut a bit like a 3rd jet veto

CMS| 2 categories in 2-jet bin
I tight: pt;jet12 > 30 GeV,m; > 500 GeV, > 3

I loose: not tight + py;jet 1 > 30 GeV,pyjet 2 > 20 GeV,m;; > 250 GeV,
> 3

I for both: %i;2 > 2:6, the di erence between the average
pseudorapidity of the two jets and the pseudorapidity of th@fbton
system is required to be less than 2.5
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S b @FENE UNcertainty contributions at NNLO + NNL

L [Jet-veto re!

central result

1 T T T T
pp, 8 TeV, my = 125 GeV
MATCHED NNLL + NNLO
08 } MSTW2008 NNLO PDFs i

anti-k, jets

&Pt veto)

0 1 1
10 15 20 25 30 35

Pt.veto [GEV]
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S b @FENE UNcertainty contributions at NNLO + NNL

L [Jet-veto re!

scale uncertainties

1 T T T T
pp, 8 TeV, my = 125 GeV
MATCHED NNLL + NNLO
08 } MSTW2008 NNLO PDFs i

anti-k; jets

&Pt veto)

0 1 1
10 15 20 25 30 35

Pt.veto [GEV]
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S b @FENE UNcertainty contributions at NNLO + NNL

L [Jet-veto re!
Q variation, withL = In Q=p.veto
l T T T
pp, 8 TeV, my = 125 GeV
MATCHED NNLL + NNLO
08 MSTW2008 NNLO PDFs i
) anti-k; jets

&Pt veto)

0 1
15 20 25 30 35
Ptveto [GEV]

Higgs XS WG 2012-12-06
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S b @FENE UNcertainty contributions at NNLO + NNL

L [Jet-veto re!

schemes a, b, ¢

l T T T T
pp, 8 TeV, my = 125 GeV
MATCHED NNLL + NNLO
08 } MSTW2008 NNLO PDFs i
’ anti-k, jets P

&Pt veto)

0 1 1
10 15 20 25 30 35

Ptveto [GEV]
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S b @FENE UNcertainty contributions at NNLO + NNL

L [Jet-veto re!

08 |
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[Extras]

e esmmaionsRESUMMAtion accuracy: know the ne pr

There are two widely-used de nitions of \NLL", \NNLL", etc.:
[+ minor variants; no good naming convention]

X
I \minimal": = npan 4 2n 1, np2n 24
. s{Z-} Z—} Sz}
NLL NNLL

for L 1= 5 NPLL uncertainty isO =2

hx i
L\full™: = exp . Z“+1} | %‘ZL; 3k ;+
ST NLL NNLL

forL 1= 5 NPLL uncertainty isO ( §)

As an example, \full" NNLL (+ NNLO) \minimal" N 4LL
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[Extras]

v A Practical stability of Sherpa resul

with VBF cuts:

= :225%055( r=r) "0005( @) "0i005(Qeut) “Gors(Nmax) - 0:004(statspb
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