Double Higgs Production in VBF

Fady Bishara

Gawd UNIVERSITY OF

& OXFORD

17 January 2017
1°** FCC Physics Workshop

Based on: 1611.03860 FB, R. Contino, and J. Rojo



Motivation

e Is EWSB in the SM minimal?

o Is EWSB linearly realised?

o If EWSB is non-linearly realised, can we test
this?

e Non-linearities = harder mhh tail = handle on
the background
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HH production at pp colliders

e VBF cross-section at the LHC is small ~ 2 [fb] w/0o BRs
(100[fb] at the FCC)

e But, is a unique probe of the EWSB mechanism
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E HH production at pp colliders at NLO in QCD
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Frederix, Frixione, Hirschi, Maltoni, Mattelaer, Torrielli, Vryonidou, Zaro: 1401.7340




Is EWSB (non-)linearly realised?

Grinstein and Trott: [0704.1505] . _a_a
Contino, Grojean, Moretti, Piccinini, Rattazzi: 1002.1011] [E — o T /U]
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e In the minimal SM, linear realization
— ¢y = Cy,y = ¢; = 1 and all ... terms vanish

e Measuring ¢,y # 1 = non-linearity!



A concrete example

e In minimal SO(5)/SO(4) models, the couplings

. Agashe et al. [hep-ph/0412089
Cy and Coy aAIC glven by C(g)ntino et al.[[hgp%)plr{/061204;3]

cy =v1-=¢, coy =1 —2§
where ¢ = v?/f?

e And, looking at the longitudinal vector boson
scattering we see that

AV Vi, — hh) ~ S—Q(CQV —ci)

« Choose a benchmark with ¢,y = 0.8 (to roughly

correspond to & = 0.1 which is at the boundary

of exclusion by ATLAS) ATLAS: [1509.00672]



Sensitivity to o., and 0

C2Vv

e To illustrate, consider total o before and after
cuts with| o/ogy = 1+ ad + b5? |

e Sensitivity to d.,, (dc,) is enhanced (sup-
pressed) by the cuts
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Kinematic cuts & b-tagging

Final cuts:

14 TeV 100 TeV

pr; (GeV) = 25 40

- (GeV) = 25 35

Acceptance cuts T (GeV) = ’ ’
75| < 4.5 6.5

| < 2.5 3.0

|.-"_\_?;jj| = n.0) 5.0
VBF cuts my; (GeV) = 700 1000
Central jet veto:  pr;, (GeV) < 45 65
mpn (GeV) > 500 1000

B-tagging parameters:

e(b-tag) = 0.75, e(c-mistag) =0.1, (g, g-mistag) = 0.01



SCale invariant tagglng Gouzevitch et al. [1303.6636]

e Key feature: mpy, tail is harder when ¢ # coy

e Signal events will have boosted Higgs pairs — han-
dle to reduce background

' }ICS
H[ 2 MD tags H Boosted cat. ]
Jet Clustering:
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Higgs reconstruction

Resolved

> 4 small-R b-tagged jets
> Consider hardest 6

> hi <> b-jet pair with min{|my, —
125}

> ho <> b-jet pair with min{|my, —
M, |}

Boosted

__-,._:','_ ‘

Figure credit: Juan Rojo
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> 2 large-R jet D 2 b-quarks each

> hy <> large-R jet with min{|m, —
125}

> he < large-R with min{|m;, —

mjl’}



Taming the background

do /dAy;; [arbit. u.]

do/dmp, [arbit. u.]
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Detector coverage at an FCC

e VBF jet with max 7 peaks ~ 5

e If coverage only extended to |n| < 5, would lose ~ 50% of
signal events
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The hh invariant mass distribution

14 TeV

— SM
— Coy = 0.8
— Bkgd fit

do /dmpp [fb/bin]

100 TeV
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Results: probability intervals on dcoy
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68% probability interval on d,,, 95% probability upper limit on pu
1 x Thkg 3 X Thkg I x Thkg 3 X Tbke
LHCyy | [—0.37,0.45] [—0.43,0.48] LHCyy 109 210
HL-LHC | [-0.15,0.19] [—0.18,0.20] HL-LHC 49 108
FCCing 10,0.01] [—0.01,0.01] FCCigg 12 23




Validity of the EFT description

e If NP is characterized by couping g, and scale A

o One expects 50 A 921)2/A2 See, e.g., |Giudice, Grojean, Pomarol,
2V * Rattazzi: hep-ph/0703164]

e Saturating the strong coupling limit then gives
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> t I ' ' L
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Summary & outlook

e Double Higgs production in VBF is useful to
constrain hhVV couplings

« Boosted kinematics gives a crucial handle to
tame backgrounds

e 20% precision achievable at the HL-LHC
reaching the 1% level at a 100 TeV FCC



Thank you!



Scale invariant tagging

do /dmyy, [arbit. u.]

do /dmpyy, |arbit. u.]

0.1}

1072

LHC,,

do /dmyy, [arbit. u.]

':fl‘QV = IU.B
Hesolved—g
Boosted -

2:5

dJ/dmhh [arbit. u.]

Coy — 0.8 1
Resolved ]
— Boosted E

-

FCC,,,’

SM
L H C —  Resolved §
— Boosted -
==+ Sum :
—,_I_Lh
) 20 25 3.0
Mhah [TCV]
5 | | Bkgclls
g -_-|_|_LHC —  Resolved }
[ 14  — Boosted 1
: ==+ Sum E
1 -
2.0 3.0

0.5 1.5 2.5 3.5 4.5
mMuph [TGV]

5.5 6.5 7.5 85



Populating the tail in our analysis

e Sensitivity is driven by the tail. Therefore good
modelling is imperative

102 | | - — SM -
cov =08 _— dO’/db]/(Z,& dO’/dbz) ~ 10_6

i — need 1M events to get 1 event in this
bin.

i — Accounting for efficiency of all cuts
and requiring 100 events here means

need to generate 10'? events!

do /dmpp, [fb/bin]

Muph [TeV]

e Solution: generate weighted events and fit the
background

« For signal, can also put generation cut on m,, but this
does not work for background
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