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Outline

* Recast of CMS and ATLAS measurements
* Model dependent interpretations of non-resonant
gg-HH
* Models which can be described with one
parameter

* Models with more than one free parameter
* VBF HH
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Setup for the reinterpretations

Lagrangian specifying the Higgs couplings for GGF analysis:
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We base our MC in anomalous couplings => this makes it fully flexible for interpretations

Let’'s experiment with interpretations of EFT's matched to UV completions!
(= anomalous couplings mapped to EFTs matched to UV completions)
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» Delphes recast of 2015 ATLAS and CMS yybb analysis (using CMS phase Il card)

« Why 2015 only? There is no MVA (our goal is exemplify reinterpretation)
» The choice of the HH — yybb channel results from the fact that this final state is easy to simulate

and to reconstruct using a parametric model of the ATLAS and CMS detectors.

variable ATLAS CMS

Mmas] 2.37 2.5

Rejected fiducial region in |n||[1.37, 1.52] [1.44, 1.57]

Leading photon (pr,min) — 30

Subleading photon (prmin) - 20

Leading photon (prmin)/My~ 0.35 1/3
Trailing photon (prmin)/M~y 1/4
AR with any jet > 0.4

Mmaes] 2.5 2.4

Leading b-jet prmin (GeV) 55 25

Trailing b-jet prmin (GeV) 39 25

M., window (GeV) [122, 128|
M,; window (GeV) 95,135]  [80,200]
M., 5 minimum (GeV) — 350

~

* We use only the highest purity category of each experiment.
* Amass cut in Mgg is introduced and limits are derived based on cut-and-

count
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Recast of CMS and ATLAS measurements %

> I L B
& _ ATLAS Preliminary
0 ~ Y{s=13TeV,3.27b"
N S 2-tag signal region
2 N
g’ -
T 4—

3

21

LA B B B S S B

——
-------- Di-Higgs

-.--- Single Higgs
----- Continuum Bkg.
—— Sum

¢ Data

lllllllllllllllllllIlI[IIIl]l

Data - Fit
N
T

|

(=}
——

130 140 150 160

ATLAS

€SM,D

€sM

fsm

CMS Preliminary L=270f" (13 TeV
2 35 pp—>HH-bbyy ¢+ Data
O I SM Nonresonant Background model
?7; 3 High Purity Category (‘I.st Order Bernstein Pol.)
T L Fit+ 1o
0>J L
o 25 Fit + 20
2
150
1:— [ ] 9 9 ] [ I
05F
v 1 2 5 1 2 o
%o 110 120 130 140 150 16 170 180

€SM,D

CMS

€sM

M(yy) [GeV]

fom

7.1%

10%

1.41

10.8%

~ 10%

1

Moduli fudge factors (fs ) the signal efficiency from recast(€sm,D)
is compatible with the ones quoted by the exp. documents (eqy; )

We also extrapolate the limits to lumi=100/fb
by simple rescaling of the ~3/fb result
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con! Model NP integrated out Ref.
1 real scalar singlet with explicit Z, breaking 137, 38]
2 |real scalar singlet with spontaneous Z, breaking 137]
3 real scalar triplet 37, 38
4 complex scalar triplet _37 38
§ quartet scalar with Y = 1/2 37 38
6 quartet scalar with Y = 3/2 37, 38
7 2HDM (addtl. scalars heavy + Z,) 39
8 vector-like quark: 7' (singlet top partner) 40
9 | vector-like lepton: E (flavor universal singlet) 41]
10 MCHM; 7, 8, 42, 43]
11 MCHM, 7,8, 42, 43
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There is no cg/c2g in this table!
=> Loop level EFT is much more

Model | Fund. Parameters . .
= i Correlations! laborious to match to EFT by hand

&, MMy, /\a o %ti + (/\a - ta%)//\SM

«
o 1 — 342

2%

m? mA
,13,m.H+,mH 1+48§ (3+—1¢)—m1%i

V2 AgMm

Free Parameters Ca
Kty KX Kkt — 1
Kt Kt — 1
K), Co y Co
Kty K 26 — 2
0
0

3/2(ke — 1)
3/2(k; — 1)
0
Ki(ky + /K2 +8)/4—1
(K —1)/2

—

2 (q . 4m4 \m%
.61 7n’A) 7n’H 1 + 2b,3 (3 + 7’2’\SM ) m‘}{

4
24 42 m
B, ma, myg 1+?t3TL

! muv2/\SM

4
. 8,2  my
d ma, my I 3tﬁ m2,v2Agm

3Zz 2
/83 ZG)mH 1 - QASfIiiE
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Aee, ME

3
§

2
3
4
d
6
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—_
= O

+

a is the mixing angle between the two scalars,

*

B = arccos(v4/v) is the arccosine of the ratio of the vev of the (first) doublet and the electroweak vev v = 246
GeV.

A common mass my is assumed for the heavy scalars, besides for H* and A in models 3-6, with masses my:,m,
m, is the coefficient of the triple-singlet coupling and A, that of the bi-quadratic scalar term.
M:and Mg are the masses of the heavy vector-like quark and lepton, respectively.

A1, Ag are the coefficients of their (Yukawa-type) couplings with the SM fermions, mediated by the Higgs.

+ 4+ 4+ 4+

€ = v2/f2 parametrizes the composite Higgs non-linearity, with f the Pseudo-Goldstone decay constant.
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/{J A Ht plane (correlations effect)

Recast HH —> yybb ~3 fb (13 TeV)
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Recast HH —> yybb
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_~3fb! (13 TeV)
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Ignoring the modifications on the
H BR that are uniquely predicted
on each model
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1 real scalar singlet with explicit Z, breaking 37, 38
2 |real scalar singlet with spontaneous Z, breaking 137]
3 real scalar triplet B 38
4 complex scalar triplet 37, 38]
x5 quartet scalar with Y = 1/2 37, 38
% 6 quartet scalar with Y = 3/2 37, 38]
w 7 2HDM (addtl. scalars heavy + Z5) 39]
w38 vector-like quark: 7" (singlet top partner) 40)]
% 9 | vector-like lepton: E (flavor universal singlet) 41]
% 10 MCHM; |7, 8, 42, 43]
11 MCHM, 7, 8, 42, 43
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woa,e\‘o&w&\ model parameters
deSC{ {a(“e&e( (13 TeV) SM + Vector-Like fermion (13 TeV)
a T T T T T
Oﬁe? = 10 MCHMS -=—-—- - Upper limit [~3 fb~"] - Top partner
'i— 5_’ —=== MCHM4 -------- Exp. upper lim. [100 fb~'] g 100+ ----- Electron partner
gi _________________________________________ '9_5 ----- - Upper limit [~3 fb™") 4
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- = X E
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i I N - AN
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2 0.500
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T 0'050 ——  ATLASlike e The current analyses are sensitive to values of ¢ ~ 0.9
A : r ] .
! R in the case of the MCHM; and values of € ~ 0.2 can be
Q .
% _ probed with 100 fb-'
= 0.010; ... - Upper limit [-3 fb~'] « no bound is obtained for the MCHM,
g 0005 ........ Exp. upper lim. [100 fb™'] « in the case of the singlet, the kinematics are not
=] . .
i SM + real singlet(spon. Z2 breaking) greatly affected and also, no bound is obtained for
0.001 —————— S — mixing angles cos a > 0.5
0.6 0.7 0.8 0.9 1.0 ~
cos(a)
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Folding interpretations on explicit Niklhet % ey
.9  model parameters
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W e ¥ Recast HH —> yybb ~3 " (13 TeV)
o 3 10} - T Recast HH > yybb ~3 " (13 TeV)
o : \/ z ) R -
< o ] - )
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5_ |v '." i _ "i“." . \ N\
R 14 s s -t ATLAS-me [321071] ] % :
Real Singlet --e== CMs-ms[27107"] “Q,
€ (expl. Z2 breaking) = 1000
- 0+ : swimem ATLAS-me[10enT']
R iRiiiaaacan.. ... 1 Real triplet
3 =ab’le, -1 .
R i Cms-ms [100 107 '] = Complex triplet *,
i iy " ATLAS-me[s2m0"] %
< :
1 = 500|----- cms-me[27m7"]
smimc= ATLAS-me[100707)
ARREREY cMs-ma [100 107 "]

0.05 0.10 0.20 " 0.50
sin(g)

Observations:

« The current constraints on the real singlet lie in regions of large Aeff of order 5-10 and of sizeable mixing
with the Higgs. The bounds will however improve significantly with increasing luminosity.

« For the triplets, the analyses are sensitive to large mixings for masses of a few hundred GeV while increasing
the heavy scalar mass leads to an increased sensitivity, including also smaller mixing angles B.
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1 h h2
['h = 5(8“ h)2 —V(h)-i—vaT‘ (D#ZtD”Z) (1 + 2(2‘/; + Cv— + .. )

with the Higgs potential V' (h) given by

V(h) = %mihQ — KAMh® +

The second largest production mode of HH is the VBF mode. Though in SM case, the VBF is non-significant
compared to GGF but in BSM scenario, the VBF can become quite sizeable with respect to GGF

UVBF/UGF Cv—o 8

SR 0 0! | — ]
oo g5 4.0 15 28 25

Cov

How to construct a HH signal composed of
gluon fusion and VBF components on EFT on
the most model independent way possible?

==> Up to now we just have the question
but here we are looking at explicit models.

04.07.18

over/Ogr Cv=1 Over/Ocr, Cv=1.2

00 85 18 15 28 25 00 65 18 15 20 25
Cov Cov

Work in progress!

A A, Enrico Bertuzzo,
Alexandra Carvalho and
Florian Goertz
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What about VBF HH"

0.20F

We investigated Higgs portal and MCHM model for VBF HH:
For MCHM, we see that VBF HH for BSM couplings, has

significant contributions 0151

0.10}

0.05

rrrrrrrrrrrrrrrrrrrrrrrrr

0.00} ]
070 075 080 085 080 095 1.00

Cvy

““I Upper Limit at 95% CL

We repeat the logic we had done in GF case for
MCHM, using the same type of recast (results
only for the CMS case) to see the sensitivity on
the anomalous couplings

event yield

06 08 10 12 14 16 Work in progress!

cv

For Higgs portal, VBF contribution was not significant in any parameter space (in Backup)
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Conclusions

« We did exercise of applying specific UV completions correlations on recast of hh analysis for both GGF and
VBF.

e The objective here is to exemplify that it is necessary to quantify the effect of correlations of parameters.

« Even with early stage of analysis, we have coverage for exclusion of parameter space for some specific
models.

« How to convey experimental results? Suggestions:

1) Some interpretations by considering explicit models as benchmarks
- first assessment direct from exp.
- it would act also as point of sanity check for reinterpretations
2) parallel way of allowing easy reinterpretations (necessity!) (yesterday discussion)

3) explicit scans on some 2D/3D parameters (?)
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H BR effect in 2HDM model

BRHH -> yybb /SM  Z6=-2.5 2HDM Type I BRHH -> yybb /SM  Z6=2.5 2HDM Type I

L ;2?;/6 -
.
'
i

I I I I I I I I I | I I I | I I I I I I I I I I I I I | I I I | I I I I
400 600 800 1000 1200 1400 400 600 800 1000 1200 1400

04.07.18 16 Anamika Aggarwal



04.07.18

Nik]hef

Effect of VBF in Higgs Portal Model
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Figure 2: The exclusion limits in the cv ¢2v plane for different values of ¢3. The
Green and Yellow bands mark respectivelly the 68% and 95% CL allowed region in the
cv parameter from single Higgs searches. The other shaded regions are 95% CL excluded
regions due the CMS-like analysis. In the CMS one I added the cut mgg between
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Folding interpretations on explicit

model parameters
(including H BR modification effect)

Recast HH —> yybb
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e The only thing that makes them different is the predicted effect on H BR.

e Here, the sensitivity to scalar masses in the TeV region is only possible for small tanB.
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Recast HH -> yybb CMS (13 TeV)

Recast HH -> yybb CMS (13 TeV)
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Figure 9: Efficiency maps for the signal region of the CMS-like analysis to the 2HDM benchmarks we consider.
The markers superimposed correspond to the closest shape benchmark. Details in the text.
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Figure 10: Efficiency maps for the signal region of the CMS-like analysis to the triplet and singlet benchmarks
we consider. The markers superimposed correspond to the closest shape benchmark. Details in the text.
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