Higgs couplings
and New Physics

Giacomo Cacciapaglia
(IPN Lyon, France)

In collaboration with:
A.Deandrea, J.Llodra-Perez, 0901.0927
A.Deandrea, G.Drieu La Rochelle, J.B. Flament, 1210.8102

Higgs Centre for Theoretical Physics,
Edinburgh
26/04/2013






The Higgs has been discovered!
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The Higgs has been discovered!
..has it7?

Moriond

\s=7TeV,L<51fb" \s=8TeV,L<19.6fb"
Combined
ATLAS Preliminary : my, =125.5 GeV u=080+0.14 | CMS Preliminary m,=125.7 GeV
: H — bb (VH tag)
W,ZH — bb E
\s=7TeV: [Lat=471b" 5 H — bb (ttH tag)
\s=8TeV: |Ldt = 13 fb” ;

H - 11 H — vy (untagged)
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\s=8TeV: [Lat=131b"

H— WW" = viv H— vy (VH tag
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\s=8TeV: |Ldt=20.7 fb"
: H— =t (VBF tag)
Combined nw=1.30+0.20 H - 1t (VH tag)

\s=7TeV: [Ldt=4.6-48b" :
\s =8 TeV: [Ldt = 13-20.7 fb” H— ZZ (0/1 jet)
1 0 H— ZZ (2 jets)
Signal strength (1) Best i 6/G, X
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ATLAS and CMS fits

ATLAS sees enhancement in ZZ and Yy
CMS sees slight deficit

ATLAS Preliminary + SM
\s=7TeV,|Ldt=4.6-4.8fo" X Bestfit

Is = 8TeV, |Ldt = 13-20.7 fo' —— 68% CL
~--- 95% CL

12 13 14 1.5

Not so much new information in these fits !l



Higgs physics 101:
the couplings

The Higgs couples to
massless particles
at loop level

T
4m?f
Af(Tf)NTf: 5 for mp, 2> m ¢ (Tf < 1)
Hn
4
Ag(Ty) ~ ; fors Giiiipasdilg (1f >l

Non-decoupling limit!



Higgs physics 101:
the couplings

The Higgs couples to
massless particles
at loop level
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s Result independent on
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B AT ) top Yukawa coupling!
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Where can New Physics appear?
Loops:

Loop induced couplings are very sensitive to new states
that couple to the Higgs!
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Where can New Physics appear?
Loops:

g GOGOO0T g UEOOT0T La I"g e effects?

O sl However, cancellations
g 0000000 g 0000000 may lure...

Model of a single Vector-like quark:

Ly ukawa = —yYQoutr — NQodugTr — MTL TR + h.c.

Mass eigenstates:
) = Mg, My both depend on M and v.
m_t = fop mass
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Where can New Physics appear?
Loops:

g GOGOO0T g UEOOT0T La I"g e effects?

O sl However, cancellations
g 0000000 g 0000000 may lure...

Model of a single Vector-like quark:

Ly ukawa = —yYQoutr — NQodugTr — MTL TR + h.c.

Yyv AV
5 vomy v OMy
M= V2 V2 — Mg, My | — |
O M o . TN+ 81] | T (9?}
v Om U OMLss Cancellation between
Yhgg ™~ tAf (Tt) i : Af (Tt/) it Af change in top loop
e - o and t* loop.



Where can New Physics dﬁppear?

Loops:
ts?
|lations
Ignoring The mass,
The Higgs couples
10 a single rermion!
ptween
b loop

and t* loop.



Where can New Physics appear?
An impostor:

Dilatons couple to the breaking of scaling invariance:
masses of SM particles!

2

Ldilaton = ego/f WMW i mTW SOW’MWM i A

U

b o Generic reduction of couplings to
Yepp 1 9hpp < Ghpp ke

massive SM particles

Loop induced couplings receive

evv s Yegg extra contributions from New Physics

3 parameters enough to characterise a dilaton!



Where can New Physics appear?
An impostor:

Dilatons couple to the breaking of scaling invariance:
masses of SM particles!

sy A AR e
Can a dilaton
T the Hic aarac bli
din KJJ@ !ngs to
(Technicolour, Higgsless...) s
i ew Physics

3 pardmeTtel | aracrerise a dilaton!



Higgs couplings: general analysis

Two possible strategies:

@ Operator analysis: chiral lagrangian!
Theoretically consistent. Model independent?

@ Parameterisation: effective couplings!

Experimentally driven. Truly model independent.



Chiral lagrangian

Assumptions:
@ SU(2)xU(1) gauge symmetry at high energies
@ The Higgs h is a CP even scalar field

@ Approximate custodial symmetry in the
EWSB sector

@ Power counting:

Derivative -> 1/A probes New Physics scale
Higgs -> g*/A = 1/f probes Higgs couplings



Chiral lagrangian
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Chiral lagrangian

Forbidden by
custodial symmetry

2’02

Probe Higgs'! Co
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Chiral lagrangian

Forbidden by
custodial symmetry

’_

C ; ;
ALp =5 0"(H'H) 0,(H'H)
|

Probe Higgs! ¢ N Cd _ C|
couplings ;+ v—';‘ yu H'H g Hup + 2 Y H'H g Hdp + RL

These operators modify the tree level couplings
of the Higgs boson:

ghvv & CH Jnfs." ot L

S M SM
Invv 2 ghff 2
ghhh _ 4 ICH L
SM 9 By’



Chiral lagrangian

1ICHW Y - ., icyByg’
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These operators modify the couplings to gauge bosons:

= 1 92 1 Operators of this sort can only
- be generated at loop level
in “minimal” models

Y, X ~
mée, - TR IO S




Chiral lagrangian

@ Theoretically consistent framework!
Pros: @ Constraints on the parameters can be imposed.

@ New state scan be easily added.

@ Predictions can change in the presence of light
new states!

cons:
@ Theoretical considerations (bias) necessary to

reduce number of parameters.



Effective couplings

Cross sections and partial decay widths
can be rescaled:

9 _SM SM SM 9 _SM SM
OWh = KWwOwh o e A P — Otth e e i

21SM 2 SM SM 2
Fbl—):/ﬂbeg FWW:/QWFWW Fzz——liZF F = = K FT+7_

Similarly, for the loop induced couplings:

2 _SM L 2SM SM
Tggh = Fg9ggh Lgg = kgl Ly = k3155

Problem: correlations!



Effective couplings

2 _SM 2TSM SM
T9g9h = Rg9ggh Lgg = rgligq Ly "ivrw

These quantities depend on tree level couplings:

2

GFOPm%{ 2 ?
| B A S A
VT e /o a0 AL 1 T
Gra’ms? :
I s o Sy, A
4 163/2m3 | 2 g
Ogg X Lgg

Aw = —8i32° Ay =SS C;, C{ are QCD corrections.

Problem: correlations!



Effective couplings

Our proposal: parameterise the NPh loop contributions
independently from the tree level couplings!

2

. GF()&Qm%{ Ao 2 : ( e )A o
== K — ki + K I
9 128\/§7T3 W 4w t 3 t VO
Gra’m?, 1 :
o= s Cfi(/ﬁjt + kg ) Ay .50
0gg X L'gg

All parameters are truly independent!

Flexible and easy to compute!



Effective couplings

. EHEES MLl o <2>2( ey
= K — Kt + K i
T O 000 | e = SR SR T
GF(XQTI”L%{ 1 -
Loy - () = (g SR sl S5l o
Ogg X L'gq
Easily computable in models of New Physics:
for instance, in the Simplest Little Higgs
1 m? W
R = 13 Rl e T
3 My ms; 3 My
s PoSE m?
K —_— — K —_ — 3
0 S PE e 2 m2,

Deviations scale like 1/M” 211



Effective couplings

Gpoﬂm%{ o :

F’Y’Y = 128\/§7T3 KW AW = Ct 3 g (K)t e Klfyfy) At o
GraZm?3; | ;

Fgg = 16\/§7T3 7?5(/{15—1»/{99) At+

0gg X L'gg

Flexible: un-measurable parameters can be reabsorbed.
For instance, the top couplings:

; o 195 0, ,

Ry o By b A , Kgg = Bgg HRg—1 =

o
¢ bl

48 m%v, ey m%v, :

Parameters only depend on W’ mass!




Effective couplings

2
Gpozzm%{ R
(it T kw Aw + C/3 3 (Kt + Ky ) Ar + ...
G ra‘m? | ;
Fgg = 16\/57.‘-3[{ C{ﬁgi(%t+/€gg) At+
0gg X L'gg

In specific models, correlations can be easily explored:

C.
NP T 2 .
E , - ~NenPQNp GNP ENP, vyp = 1 for fermions;
NP

= —21/4 for vectors;

CY
NP oC(rap) ganp ENP - nvp = 1/4 for scalars.

c?

NP

In models with a single new state in the loop:

m ik SNC,NPQ?\TP |
P @ For a top partner!




Our fits

@ We computed the parameters in various
models of New Physics:

Model

Pgomorion - [ 0 [ 2 [ 2 [ 2
Simplest Little Higgs | my» = 500 GeV -0.009 | -0.034 @ 0.067

Littlest Higgs f =700 GeV -0.05 -0.11 | -0.014 0.23
my = 500 GeV, z =10

colour octet mg = 750 GeV 0.37 | 0.17 0.17
/\1 — 4, /\2 — 1 ’
6D UED (RP?) mir = 600 GeV 1.00 | 0.84 0.84
ity R R B B
composite Tigs
flat brane Higes

warped brane Higgs | 1/R =1 TeV -0.11 | -0.65 :




Update of 1210.8102

2 Param e-l.er ﬁ 1'5 to appear soon on arXiv

ATLAS data




Update of 1210.8102

2 Param e-l.er ﬁ 1'5 to appear soon on arXiv

ATLAS data top partner
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ATLAS vs. CMS

ATLAS data




. Update of 1210.8102
DI IG'I'O n ﬁ .I.S to appear soon on arXiv

Rescale all tree level couplings:
3 parameter fit

RWia=malvZ isgl 5=l

lkd| < 0.5 disfavoured!

Slice at kgg = 0 Slice at kgg = -0.2




Conclusions

@ Measuring the couplings of the new
resonance crucial to determine if it is the
Higgs!

@ Simple and flexible parameterisations of the
couplings can help extract information and
connect to models of New Physics!

@ Complementary approach to a Chiral
Lagrangian/operator expansion!



