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We have a Higgs!

Is the Higgs an elementary point particle?
Or does it have an extension in space: [,

Corresponding compositeness scale: f;, ~ 1/
Assuming the qeneration of this scale is
natural in the UV: dimensional
Eransmutation??

The theory provides a resolution of the
gauge hierarchy problem.

Natural predic’:&mm: m? ~ mé ~ f,f



Comgos&%@; Higqs as
PNGB

However i generic aomyasi&a models
(technicolor) fj, also represent the scale

where resonances of the strong sector
shows up. This usually messes up things:

A hierarchy between the cutoff scale
and the Higqs mass can be induced 4
the Higgs is a pNGB of a strong sector.
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Composite Higgs

program

SM ex&ep& < > Z:;Z?
the Higqs G HeG
gmix i QL@R ZR@L o Agj,u

“b1

-
Hiqgqs Potential @ 1*1.00[@:

rf""'

e

mzNNCmth

h 2 5
2 h

Alex Pomarol Francesco Riva
JHEP 1208 (2012) 135

o

Vacuum misaligument:
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TQF? Partners
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The Llinear mixing between SM top and
operators of the strong sector lead to the
top-Higgs Yukawa couplings. This
immediately indicates that the strong sector
has to have color charqes and existence of
SU(3)c adjoint operators of the strong sector
s indicated. An effective description of the
Linear mixing is given by:



Effective Lagrangian for

Fhe EOF’ P&TEM@J‘S Is3 13
s
Coset: SO(8)/A0(4), v = (2,7/6) € (X, U)
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Two caveaks

The gluoh parthers (that should exist with top
partners, §d Models) can contribute to the
production channels of top-partners

The strong resonates (top partners/gluon p&rﬁme\"s)
can be broad resonances.

For width: T'/m > 20 % the Breib-Wignher form of
propagators starts to fail. Safer to use 1PI
summed full propagator

Needs update of tools: CALCHE?, MADGRAPH etc.



Some Limiks

ts3 & 1_y3
CMS ¥ TeV,
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95% C.L. exclusion cowntours. Solid
lines represen& the constraints
obtained from recasting the CMS
sEu,dj and the dashed Lines
correspond to the ones from the
ATLAS study. The black (blue) Lines
correspond  to the value g_*=2.5(3).
The orange and red vertical bands
are the constraints assuming onbj
QCD pradua&iov\

S A. Azatov, D. Chowdhury, D. Ghosh, TSR
THEP 1508, 140 (2015)
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20 exclusion plots from CMS a single lepton & trilepton
channels, Solid red line is the plot for NWA, dashed red Lline
represents the plot for fab-width correction and the blue line

s within the NRW. The red vertical bands are the
constraints assuming only QCD production

S Dasgupta, S K Rai, TSR, in preparation



Note

s You can bu,v your way into heavy top parters
by paying in fine-tuning’

o Finding top partners may not uniquely
idem&i;ﬂf:j Higgs as an ﬁompas&e obje& (UED,
RS, SM4, ete)



PNGB (Cc;vm[ms&e)
Higqs &oupliv\gs



Low ener:

effective

Lagrangian jor pNGB Higqs
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Constraining ﬂfro-m LHC:

Specific models maps into special choices for the
coefficients of the SILH EFT

These resulks in a pattern of deviation of the Higgs
couplings from SM predictions leading to constraints from
Higqs LHC data

Cosel: S0(5)/50(4) g

MCHM SL__.;R,'"
Results of xzamatvsis for Run 1 + Run 2 ' :

datasets. Solid black line represents

Ay? =~ — )(I%lin for the extended models,
while the red dashed lines represents the
same for MCHM; _5 . Green and yellow
reqgions denote the allowed range for & ak
6¥\% and 958\% CL, respectively

A. Banerjee, G. Bhattacharyya, N. Kumar, TSR;
JHEP 1803, 062 (2018)



Consbraining from LHC:

Run 1 + Run 2 Run 1 + Run 2
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For the minimal coset SO(8)/AS0(4), we present the regions allowed ot &3\% (green) and 95\%
(veuow) CL using combined Run 1 and available Run 2 data. Valid ‘extended model’ points
are observed to Llie within the experimentally allowed regions.

A. Banerjee, G. Bhattacharyya, N. Kumar, TSR;
JHEP 1803, 062 (2018)
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Note

A correlated pattern of the Higgs coupling
departing from SM prediction may indicate NLR

O‘f Higq9s

LHC has a Limit of 10-20 % (?) for the
measurement of most Higgs couplings

Higqs afaa&orv??

Bub this still does not identify a finite shape
of the Higqs!



Structure funckions



Proot of Pudding
Without beating around the bush the
tell-tale sign o? compositeness would
be to pra—b@. the momentum dependent
structure of the Higqs couplings

Ki
anomalous couplings \ :
(accessible @ LHC with 20-40% accuracy) elemem‘ary Higgs

/ composite Higgs
LHC reach ?

difficult to conclude!

Taken from a talk by Grojean, Planck 2011



Effective Higqgs-top
Lagrangian

2 ﬁtL(pL) _ :: ~
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The structure functions:
- Weinberg sum-rules

- &d dualiby > SR
o Expansion: m,/M,

@p#0




LOOF’ Driven Higqs
CQMFLMQS

The loop integrals in principle scan all momentum

and haive expectation is that these Higgs couplings

should be sensitive to any momentum dependence
of the Higqs aauptivxgsf




Higqs Low | ﬂv\ergg Theorem
% “Cancellations”

The Light Hiqgqs theorem is based on
the fact that in the qgh or yyh

couplings are loop driven but once 0 lgg det M
the Higgs is replaced by its vev they Ohgolyy X
become contribution to the ov

corresponding f functions!

The momentum dependence of the Higqs
couplings and anomalous dimension of the
partially composite top do not effect the hqgq

coupling,

Montull, Riva, Salvioni, Torre; Azatov, Galloway; Falkowski,
PRD 88, 095006 (2013) PRD 85, 055013 (2012) PRD 77, 055018 (2008)



Assuming a

gg -4l . N . gg -4l

phenomenological form (] % ., | o
g — A=15 TeV, n=2 3 . : — A=1.5 TeV, n=2
‘f&ﬂ&(}‘r: ' of .’\:1.3!_‘[;:1/,“023 _ ‘:\_112"{‘?:'}"_3
, = yim )= 5 z yim = TR
( ‘VE”% D Ly y L TUTRT , PTIT
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One con see significant
deviation in kinematic
P&TO\MEEQT‘S i Ehe i -  BSMSM
F"F’“?h* - L2L=241

Goncalves, Han, Mukhopadhyay;
PRD 98 (201 8% no= 1N SRS (025

Cann s%wz&v of Off-shell Higqs couplings at
colliders tell us abouk compositeness of
Higqs?
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Note

‘Sﬁudv of extremely o f-shell Higqs may be
useful to Probe momenbtum scaling of Higqs
couplings

ﬁepar&ur@. from usual loq scaling can
manifest tn kinematic distribution of final-
states

100+ TeV collider??






