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Higgs and EW precision data
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DISCLAIMER

| will only consider the impact of Higgs and EW measurements
in the case of Natural New Physics.
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| will consider explicit models

Natural SUSY ’ Composite Higgs

weak strong

» What is the present scenario?

» Higgs couplings vs. EWPT

[D’Agnolo, Kuflik, Zanetti; Gupta, Montull, Riva; Gupta, Rzehak, Wells; ..

]



Natural SUSY

Cohen et al '94
Dimopoulos, Giudice '95

Barbieri, Pappadopulo '09
Papucci et al '11
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THE PARTICLE PHYSILISTS VIEW of

THE  WORLD

[from D.B. Kaplan '97]
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Light higgssinos, stops and gluinos vs. 126 GeV
2
T e, e+ A
NMSSM as the best motivated option for Natural SUSY,
W D ASHqH, + f(S)

* Less sensitive to stop-top sector
m; = m%cgﬁ + )\21123%5 + A2+ A?

* Small tuning A <10 for small tan8 and A ~ 1  [Gherghetta et al '12]

* It allows the lightest particle to be an extra Higgs: m — %fn



mg, Mg

> TeV 4+

AX Y
A

Extra Higgs

mp

[Hall,Pinner, Ruderman '11],[Gherghetta et al '12]

This spectrum allows us to focus only on the Higgs sector

cv = cosycosd, ¢ =cosy(cosd+sindcotB), ¢, = cosy(cosd—sindtan3)
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[Hall,Pinner, Ruderman '11],[Gherghetta et al '12]

This spectrum allows us to focus only on the Higgs sector

cv = cosycosd, ¢ =cosy(cosd+sindcotB), ¢, = cosy(cosd—sindtan3)

NMSSM with light singlet, 6 = 0. Universal rescaling with cos'y‘
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MSSM v =0
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A)(Z

Fitting the Higgs
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We used the code of [Giardino, Kannike, Masina, Raidal, Strumia,
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NMSSM with light singlet

» Phenomenology similar to singlet extension of the SM
» Peculiar potential from SUSY

Once | A =0.8]and | A; < 75 GeV | have been chosen, just two parameters

Higgs Couplings

1 2t32 1— 2‘,/32 :|
.2 £ 2 2 2 2 £ 2 2
= A A _
sin” «y m’/sz — m}QL [(1 ¥ Lﬁz)z v°+ A +mz(1 T Lsg) my,
ElectroWeak parameters (fully computable)
mp m2
Agq = — sin? Vgme? [log 2+ ci(mn) + O(TZ)} ~ 107"
g, mh mi,
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m,, /GeV

300 ‘ sin? 7
300/ | 15%
CMS H— ZZ 250 HL-LHC | 5%
- TLEP | < 1%
200
Higgs fit sin® y
150

This is a natural region poorly constrained by precision measurements

In the allowed region most interesting channel BR(he — hh)
[CMS looked for it X — hh — bbyy, CMS-PAS-HIG-13-032]
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MSSM

EWPT never relevant‘
Absence of log-enhancement (suppressed by mjy, /m%;),
but custodial breaking in quartics leads to

2 2 4

~ - A

P mw _ m +O(mZV)
48ms2, m3; my

Numerically very small —
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Higgs couplings powerful constraint

Smj““‘““““““““‘i

» LHC8, my > 350 GeV @ 95% CL

» @ large-tan 8 direct searches H, A — 77 important
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Composite Higgs ~1/A

Georgi, Kaplan '84
Agashe, Contino, Pomarol '04
Contino, Da Rold, Pomarol '06 h

Effective description
below the compositeness scale
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Why light and natural?

Higgs as pseudo-GB of a strong sector with SO(5)/SO(4) symmetry

v

Predictive power of “chiral” expansion

» Separation of scales f > v

v

Custodial in the strong sector

~ 3 TeV =+
e € » Composite fermions needed to trigger EWSB

My o= .
v » Higgs mass set by top yukawa and gy
f -

2

Mp, == 2 Nemi o

mp, —C 27‘(‘2 g,(/)

» Tuning (for 126 GeV Higgs)

2
ey, >f2

V2

02
Top partners have been actively searched for: | my > 700 GeV

A ~
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Composite Higgs couplings

Precise prediction from symmetry of the “chiral” lagrangian.

Important tree-level effects mainly sensitive to v/ f

2 1-2%

cv =[1— =, cp = —/—=
! 1 22

f2

From the previous Higgs fit we get

2z’

Full complementary with direct searches | my, > 1.5 TeV(g?w

)

Target precision on cy from Higgs fit cy ~ 10%




EWPT & strong coupling

When the Higgs is a pGB, general prediction [Barbieri et al '07]

2
a g 2 A -~ 5, 3 A
S=——(1- log — T=—-(1- log —

96#2( cv)log mp’ ( CV)SWC%U o8 mp,

Assuming no other contribution ’ precision on cy ~ 5% ‘

[Ciuchini, Franco, Mishima, Silvestrini '13]
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It is possible to find UV contributions that relax this bound
[Grojean, Matsedonskyi, Panico '13]
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EWPT & strong coupling

When the Higgs is a pGB, general prediction [Barbieri et al '07]

2
! 2(1—03/)10gn%, T=-(1-c 3a2 log >

5= 967 )87rc,w mp

Assuming no other contribution ’ precision on cy ~ 5% ‘

[Ciuchini, Franco, Mishima, Silvestrini '13]

It is possible to find UV contributions that relax this bound
[Grojean, Matsedonskyi, Panico '13]

At present, Composite Higgs has natural islands allowed by precision tests
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We can simulate the physics of Composite Higgs by a (computable) LYM

2 2
. m m
1fc%/zsm26':§fmf§+0( m—g)
Ae; = —sin?0 3o lo &—&—c (m )—l—O(m—ZZ)
't 8mcs, & mp, PR m2
solid oy, dashed Acy
e
14000 F* . Both Higgs couplings and EW
/_1,1074/ can have strong impact
1200+ e :
3 25—
o ~
= 1°°°’/// 220 300/fb | v < 6%
\ HL-LHC | ¢v < 2+3%
-~ -3.10% -
800 - - _ =2 g TLEP cv < 1%
e -
TLEP | Aer < 10 *mishima)
6()07}/_,8%4//;5'1’&42

10 15 20 25 30 35 40
m,/Tev

Complementary info on top-partners mass: my 2> 3 X f x (%)
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Conclusions

Higgs couplings already useful tool

» LHC8 powerfully constrained 2HDM type-Il (MSSM)
» Competitive with direct searches in the MSSM (at moderate tan f3)

NMSSM with light singlet motivated option for SUSY

» Poorly constrained by direct and indirect searches

» EWPT never relevant

Higgs couplings seem the best places to see effects in future

EWPT play a role only in strongly coupled scenarios
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Backup
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Experimental status: fit

CMS Preliminary Vs =7TeV,L<5.11b" {s=8TeV,L<19.61b"

€3

|l ¢ SMHiggs @ Fermiophobic m Bkg. only
2L 5

[Ciuchini, Franco, Mishima, Silvestrini '13]

Agreement with SM within 1o. New fit after Higgs discovery

In principle room for sizeable deviations

dev S 15%,  dey S 20% Aey = (5+8)1074



In the “near” future (2022) 300/fb OLHC14

ATLAS CMS

h — vy 0.16 0.15

h—ZZ 0.15 0.11
h— WW 0.30 0.14

Vh — Vbb - 0.17
h— 77 0.24 0.11
h — up 0.52 -

w/ theoretical uncertainties included

...and in the far (203*)

HL-LHC (3000/fb) TLEP (240— 350 GeV) TLEP (90— 160 GeV)
dev <4+5% Sonz < ey < 1% Ae; <1074

~

[ATLAS & CMS twiki] [1308.6176] [Mishima]
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The 3 parameters of EW sector fixed in terms of the most precise observables
g?.g/vv — OC,GF,MZ
Many others (derived) observables depends on these input parameters

0; = Oi(a,Gr,Mz), O;={Tz, AY"7 My}

Z —pole?

We can extract 3 parameters in terms of measured quantities, Mw, gv,ga.

My, | M3
Ar = 1-5°F[(1 -2 W)
M3~ M3
Ap = —2(1+2g4)
Ak = (1-gv/ga)/(4s”) —1
€1 = Ap
A C2Ap + 32/(02 _ 82)A’r' — 952 Ak [Altarelli, Barbieri '91]
€3 = czAp 4= ((32 — sZ)AkJ
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e-parameters
In terms of 1-loop corrections, [Barbieri, Caravaglios, Frigeni '92]

e1 = e1—e5—0Gyy/Gr —46ga,
€2 = eg —5264—0265—5GA,17/GF —dgv — 3094,
e3 = ez+cles—cles+ (2 —57)/(257)0gv — (14 25%)/(25%)0ga

where e; encodes oblique corrections,
I (¢%) = —in""[Ii5(0) + ¢° Fij(¢*)] + (¢"q” - +)

_ II33(0) — Tww (0)
M2, ’
Fww (M) — Fsa(M3),
C
ez = ;F30(M%),

eq = Fyy(0) — Fyy (M3),

“ es = M7 Fy5(M3),

» Often Ag; = ¢; — 2™ depends only on oblique corrections Ae;.
» Sometimes Fi;(q*) has a mild dependence on ¢*.
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In 'many’ cases, we can expand

Tww(g®) = Hww(0)+ g [H’Ww(o) + %Q!H'V'VW(O) 4. } ,
Mss(q®) = Tas(0) + 4 [Hga(o) + %Tngg(o) 4 } 7
ls5(¢®) = Tss(0)+q [H%B(o) n %TH%B(O) +] 7
Msp(q) = Tsp(0)+q° [HgB(O) + %TH%B(O) +-- ] 7

IT" — [Peskin, Takeuchi '91]
T1” — [Barbieri, Pomarol, Rattazzi, Strumia '04]

Up to order ¢* we have

12— 3 — 2 = 7 coefficients
~~

2w Ul)QED
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[Barbieri, Pomarol, Rattazzi, Strumia '04]

Adimensional form factors operators custodial  SU(2)r,
9728 = Ip(0) (HT r*H)W2, Buw /99’  + -
97 MET = Tig3(0) — wa(O) |Ht D, H|? — _
—g7?U = T5(0) — iy (0) - _
207MRV = T (0) H’V’VW< ) - _
29719’*1M‘;/2X = HgB (0) + _
29172M‘7V2Y = H%B(O) (apBy,u)2/2g/2 + T
207 MW = T15,(0) (Do W) /29 + +
=7
ber ’ 52 2s
~ s2 642’——2W——X—Y7
deo~U -V — —QW, c c
¢ s 52
5, X es W —2-X 4+ =Y,
ez ~ S+ —, > c c?
sc
~ s 52
be1 = T-WH2X--Y—,
c c
Sea ~ U—-W4+2X2_V,
c
5 X
deg ~ S—-W+ —-Y.
sc
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We can simulate the physics of Composite Higgs by a simple LYM

L= %(Duq))Q - )‘(q)Q - f02)2 - V(‘Fv 505)7

The limit A > 1 reproduces the usual constraint ®2 = f2
V(p, ¢s) breaks SO(5) explicitly: ¢ (fourplet), ps (SM singlet)

Vs(p, ¢5) = afop® — B’ ps

Mo ~ VAf < 4nf

sin @, mixing (h, o) < (¥, ps)

All determined by m, and f‘

If one accepts this model, then all become calculable.
IR-logs in EWPT are then cut-off by m,.
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