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Where is my new physics??

(Is the dammn SM right againe)

At the moment, Higgs searches
focus (mostly) on the SM Higgs

But what do they imply for NP?

Given the signal, how sure are we that 1t’s
a SM Higgs?
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What do we really want? —

e It would certainly be great (as was argued in the last talk by Jamison Galloway) if

experimentalists provide us with the likelihood functions for each search (or enough
information to reconstruct them..).

e However, we can settle for much less:

e Each experiment and for each search, the efficiencies for the different production
modes exist.

e It is therefore possible for the experiments to fit for signal-strength in each channel
and production mode:
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What do we really want? _

e Such a table is great, but even more can be done (quite trivially).

e All the different channels are controlled in a non-trivial and correlated way, by the
couplings of the Higgs to SM particles.

e New physics models simply change the various Higgs couplings and therefore rescale
the different channels in a model-dependent way.

A very useful way to present the data is therefore
to provide the allowed region in the multi-
dimension space of Higgs couplings.




The Eftective Higgs Actiong%

e We define the effective action at p=my=125 GeV.

e We then write the most general Lagrangian (relevant for LHC):
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Lesr = cv ”;W MWW+ cvﬁhzuzﬂ ~ )2 hbb — ¢, T
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e top 1s already integrated out.
e (Note - This 1s more general than the action that shows up in composite Higgs models).
e hWW and hZZ have the same coupling (follows from custodial symmetry).

e In the SM:
cy =cp=c, =1 T 72 1l cy 2 2/9




The Eftective Higgs Acti_

e Relation to rates is straightforward (at LO):
I'(h — bB)_ = lef?
Cspr(h — 0b)
I'(h —-Ww=*)  I'(h— ZZ%) ~ e |2
Tsae(h — WW*) ~ Tem(h— 22+ — Y
Lh=99) e
Lsa(h — g9) ’
['(h — ) N Cy °
Lsn(h = v7) Cy,5M
e For my=125 GeV, Cy X Cy — Cy ,
éysm~—08 7 T
Ath- I'(h) -~ 2 2 2
and the total width: ~ 0.65¢,° + 0.25¢1 < 4 0.1¢,
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The Eftective Higgs Action _

e Consequently, there is a clear mapping from the effective action to the various channels.

e Assuming for simplicity, h—=bb dominates width (fits below use exact relations..):

R, — o(pp = h)Br(h = ZZ*)  |cyep
Yo osyv (pp — h)Brgy(h — Z72*) | o
R = o(pp — h)Br(h — v7v) CyCry °
! osm(pp — h)Brsa(h — 77) C,SMCb
Boupy = — op=hifBr(h =) cvéy |
" osm(pp — hjj)Brsm(h = vy) | &y,smc
o(pp — Vh)Br(h — bb) 5
Repb,rev = =  Cy
’ osnm (pp — Vh)Brgy (h — bb)

The (many) different channels are correlated and depend on the few parameters
of the effective action. A fit to these parameters can therefore provide strong
bounds!
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Some Results:

Constraining the Effective Action
with a 125 GeV Higgs
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e So what statements can we make about the Higgs? g,,
= g
. g 107t
e 125 GeV is a lucky mass - we can probe all channels @
(probably to verify, once again, that the SM is correct...).
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e To demonstrate, we use 5 channels:
[see also Azatov et al.; Espinosa at al; Giardino et al.]
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What Do We Learn?

e First, the SM feels some tension (of course 2-sigma anomalies in the SM come and go..).

\

/
’

e More importantly, we can now constrain NP models

H=A L= Agi,...gk; h)

RGE

H=mp L = HAch,Cv,Cy,Cy,.; h)
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Effects of New Physics

The Higgs is an excellent probe of new physics in general and of
the fine tuning problem in particular.

e New particles introduced in models that resolve the fine tuning, also enter in the gluon
fusion and diphoton rates.

\ In may cases

Dominates over
lowers rate

top contribution F(h N gg) _ |t0p 4+ NP|2
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The New Little Hierar_

NP Should be light

to minimize hierarchy
problem

NP Should be heavy
to decouple from SM

rates
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Single Scalar Top Partner_

e As a first example consider a toy model: scalar top partner (same EM charge and color).

Latop = — (yHQL® +h.c) — |2 (M* + A|H?)
e In order to cancel quadratic divergence: )\ = 2y2

e For m; > mh/2

2 2

c c v
L= ~14A—5=1+
CgSM  C~,SM 8m? 2m

e So top partner contributes same as top (depends on a single parameter) which implies:

h— gg1 h—yyd
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Single Scalar Model
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Two Scalar Top Partners _

e Two scalar tops can mix, changing their coupling to the Higgs.

e The general Lagrangian:
—Lstop = ]2 (m + y2|H|2) + [ (m T 92|H|2) + ylH|X, (i’i’c + h-C-) ;

e This is the same as MSSM in the decoupling limit, with X; = |A; — u cot [

e The effect of mixing is to allow negative contributions to h—gg and h—yy:

cy=cp=c=1
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Two Scalar Top Part

Two Scalars m%z > m%l
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e Without tuning the mixing, stops must be heavier than =200 GeV.

e Without additional contributions to the Higgs mass, stops should be even heavier.
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Two Scalar Top Part
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e The “model independent” result obtained, is not far from the current model-dependent
direct stop searches.
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Fermionic Top Parener GGG

e A similar analysis can be done with a fermionic top partner.

e To cancel the top-loop, interactions must include non-renormalizable terms.
~Liop = p(H)HQ + yo(|HI*) HQT® + My (|H[*)Tt® + Mp(|H[*)TT® + h.c.

e In the case of no mixing (y2= M = 0) as in Little Higgs models with T-parity,

2
C C m
L = 7 21——;, cy =cp =1
Cg,SM  Cy,SM mr

e Due to non-renormalizable terms, contribution
1s opposite to that of top,
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Single Fermion Model
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@,
Another Example: %,

Fourth Generation SM JO‘?@
is Excluded!

(for a 125 GeV Higgs)

[E. Kuflik, Y. Nir, TV]




The Effect of SM4

e The effect of additional quarks and leptons is drastic on the Higgs production and decay
channels.

e Especially ggF and h—vyy:

Th_ygg ~ |Top + Top' + Bottom/|* ~ 9 x SM

'y ~ |W —Top — Top" — Bottom' — T'au' — 2L00p3]2 ~ Wlo x SM

[Denner et al., 2011]

e ‘Iree level channels don’t change much.
e Branching fractions then behave as above if 4th neutrino is heavy.
e All BR’s are uniformly suppressed for a light 4th neutrino (an invisible channel).

But ratios of BR’s are independent of 4th neutrino and
are strongly deformed, contradicting the current results.
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SM4 Higgs and Dire
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e SM4 Higgs search does not exclude the model for 125 GeV Higgs, precisely because
there 1s an excess of events

o FEither way, exclusions are model dependent since heavy 4th neutrino is assumed or
specific decay modes. 27
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Conclusions .

e Higgs searches encode lots of information on NP.

e Already interesting results can be extracted..
e Experimentalists should provide the allowed region on the Higgs effective action.

e Theorist should map their favorite theories on to the same action.

Together we will, once again, confirm the SM...

Or will we??....

[I’m not around, but will be happy to discuss further: tomerv(@post.tau.ac.il

skype: t.volansky
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Universal (Simplest Little Higgs)
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[Denner et al., 2011]




