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WHAT HAVE THE EXPERIMENTALISTS EVER DONE FOR US ?

@ Higgs production rates, split into
separate production and decay
channels

® Some information about tensor
structure of the Higgs couplings

@ Constraints on precision observables
where Higgs enters indirectly

Noew we need a Framecoork o interpret all CAis in the context of PASSICS 5eyono/ the Standard Mode/
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2 possible approaches Default approack

i this kalle

@ Interpret the Higgs data in the context of an
effective theory: systematic expansion of all
possible interactions between Higgs and other

SM fields

@ Interpret the Higgs data in the context of
concrete model beyond the SM (MCHMS5,
MCHMI14, LstH, MSSM, CMSSM, CIA, NMSSM,
UVMSSM, ... )

Also a valid approach, buk mind
that any particular BSM model is
almost certainly wrong ;-)



Effective Higgs Lagrangian

CRITICAL ASSUMPTION (underlying effective theory approach)

There is no new particles with m<mh and significant coupling to the Higgs

TECHNICAL ASSUMPTION (fo organize expansion
of eff. theory interactions)

Higgs is scalar particle embedded in field H that transforms as Alternative opfion:
2112 representation under SU(2)w x U(1)y. derivative expansion
Expansion in operator dimension as in ChPT for QCD

TYPICALLY, FURTHER

“BACKDOOR” ASSUMPTIONS (to reduce # of parameters,

may and should be relaxed
@ No flavor-violating Higgs couplings when more data available)

@ No CP violating Higgs couplings
@ Custodial symmetry
@ No large cancellations in electroweak precision observables

® efc



Effective Higgs Lagrangian

: : : : d>6 dimensional operators;
Expansmn In OP€I’G1’OI" dimensions not important for Higgs studies,

Lt TH BB ne / given current precision
eff — SM d=b d=6 TR
/ ety

Jusk neutrife A oh Includes operators modifying

: e
irrelevant for Higgs story IO DHpITas

@ Dimension-6 operators enumerated long ago by Buchmuller and Wyler
('86). Minimal complete set of operators written down in
Grzadkowski,Iskrzynski,Misiak,Rosiek, 1008.4884

@ After removing redundant operators one ends up with 59 dimension-6

operators (for 1 generation), including 28 operators that involve the
Higgs field

@ One convenient basis to write down these operators is the so-called
SILH basis, Giudice,Grojean,Pomarol,Rattazzi, hep-ph/0703164; see
Contino et al. 1303.3876 for a recent reappraisal


http://arxiv.org/abs/1008.4884
http://arxiv.org/abs/1008.4884
http://arxiv.org/abs/hep-ph/0703164
http://arxiv.org/abs/hep-ph/0703164

Effective Higgs Lagrangian

Leg =(Lomi-fdis + Lot -

el No Hi
Lsv =D H'D,H +mzH'H— A\H'H)? — (lf_\/% Hih; + h.c.) 0 Higas
Couplings to Self- ;
: Couplings to
EW gauge Couplings e
bosons
) &
h — —
3 (2my WiW, +m% Z,2,) . zf: mfff

In the SM Lagrangian, Higgs couples to mass of EW bosons and fermions



Effective Higgs Lagrangian
Leg = Lam +La—p + L6 .-

Higgs inside!  Higgs inside!  Higgs insidel! Higgs inside!
Li—e = Lginyg T Lovv +E9FD + Lar + Laaise + LCPB
. 2-fermion Violates CP
Higgs dipole Gauge
interactions operat boson self-
o , perators
with itself, 2 Ferf’“m” 4-fermion interactions
SM gauge Wit operators
LA St corrections
Yukawa
interactions
with

. Warning: this splitting is to some extent basis dependent
fermions



Effective Higgs Lagrangian
Log= Lom+ Lyt g—6)1 . 5
Li—6 = LsiLy +Lorv)+ Lorp + LaF + Leause + LoPB

(@7*q) (H'DLH) + i— ¢ @y o'qr) (H'o' D ,H)

ch

4 o (3 dg) (HY'D LH)

’02

i z
CHL (Liy'o'Ly) (H'o' D .H)

Modify couplings of SM fermions to Z bosons, thus strongly
constrained by EW measurements: quark operators at the level of

10"-2 (except top and bR), and lepton operators at the level of 10”-3
Not much room to affect LHC Higgs phenomenology



Effective Higgs Lagrangian
L= Lom+ Lt g—6)1 . 15
Li—6 = Lsiu + Lorv HLorD i LaF + Lcauge + LoPB

Yu @ H 0" ug B, + 2 ald Yo QLo He oM up W;i,, Cun(:2gS Yu QLH 0" N up G},
W 1%
g

Caw 9

-— /
CdB g

yaqrHo" dp B, + Yd qLa"Ha""dR W;iu + Ya qrLHo" N\dg G

2
My, mw mw
9

+ m2 ylLLHO"wlRB”u-F Cley;LLO'zHO'lwlR W;V'ic

- Modify couplings of EDM and anomalous magnetic moments
- Extremely strong constraints on some operators, especially on

imaginary parts
- Contribute to 3-body Higgs decay, so further suppression of effect

on Higgs branching fractions



Effective Higgs Lagrangian
L= Lom+ Lt g—6)1 . 15
Li—6 =(LsiLy)+ Lorv + Lorp + Laf + Leauge + LoPB

= (a'De) (0D ) - % A (wim)’

v?

S on(HTH) 0, (H'H) +

202 2'u

+ ((% yuHTHQLHCu,R + ,U_ZdetHQLHdR'F c—;yz HfH[_/LHlR) + h.C.)

ICP and flavor

ZCW g $ 2 i ZCB g ”
N (HT BZH) (D"Ww)' + 2 (HtﬁH) (0" Buw) assumed here!

2mé, may,

(D*H)'o*'(D"H)W}, + (D“H)“(D"H)B,,,,

+ &9 gigp, B+ 998 gigee, o
mW ma,

- These operators affect the Higgs boson couplings directly measurable at the LHC!
- Some coefficients constrained by EWPT, but most could be order 1 without conflict
with other experiments

- In fact, LHC Higgs data provide strongest constraint on most of these operators

- 11 parameters to determine from experiment



Effective Higgs Lagrangian
L= Lom+ Lt bg—6)1 . 15
Li—6 = Lsiy + Lorv + Lorp + Laf + Leause HLcPB

1CHB 9
2

"CHW 9 ( pu Y o (DY )W
mW mW

(D*H)'(D"H)B,,

2
+ 59 i, e 4 (098 HIHG?, G
m
%4

3 ~ 3
. : L~ C3g g ~
IV‘II VV 3G IS rabcyav b p e

My,

| (iéquHCuR +1cqqrLHdr + ’I:égIJLHBR + h.C.)

- No reason not to add CP violating interactions...
- ..but lets ignore those for a moment :-)



Effective Higgs Lagrangian

Summary of single Higgs couplings

% o (H'H) 8,(H'H) + 2% (#'DPH) (H'D 1) - %{M‘N“

C ¢ ¢ _
+ ((%yu H'H gLH up + v_‘; ya H'H quHdp + v_lz y H'H LLHIR) - h.c.)

+ iEW2g (HfO’iBzH) (Duw;w)i + Z;;ig' (HTS}H) (6‘,8‘“,)

2mgiy, W

iICHwW g il T . itypg
2, (D*H)'e*(D H)W,, + m2,

(D*H)'(D"H)B,,

- 2 - 2
c.,g’ H'H B, B" + ‘9 9s H'HG® G,
mi, mé, H

Y U U

+

O-derivative couplings, present in SM

|
Ive, not present in SM + —Cqgqg
1 pigeatlig o 1
_§CWWW,LVW/“/ g Z_ICZZZ/J,I/Z/.U/ & §CZ7’Y;L1/Z#1/

KJZZ({)UZ/LI/Z/I. m (K-WW8UW+ ool

- 11 parameters of SILH
Lagrangian translates fo
modifications of 5 SM 0O-
derivative Higgs boson
couplings and 8 new 2-
derivate couplings
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Effective Higgs Lagrangian

Summary of single Higgs couplings

C er T c 3 - 11 parameters of SILH
e (0 H) 0, (H'H) + -% (H'DPH) (H'D 1) - ‘

2v* _( ) HH) 2f’2( )( ’ ) %MN Lagrangian translate to

" ((%y“HTH‘th“R’“,C,_gdeTHGLHdR+%yz H'H LiHig) + h.c.) modifications of 5 SM 0-

derivative Higgs boson
couplings and 8 new 2-
iEaw g |  ieupd derivate couplings
D*H)'o*(D*H)W; D*H)'(D"H)B,, ;
T, (DA T (DA W + =g = (DY (D H)B, - one relation among cVV and
one among KVV

L wg ( i 5 H) (D'W,.) + 225:& g (HfSZH) (0" By)

2
2mgiy, W

- 2 - 2
+ &9 B, B + 995 HtaGe, g
m m
W w

ey, 2
U U U CWW —C'wCZZ + ZSwaCZ7 + wacfyfy
2
KWW =CyKzZ + CwSwkZ~

O-derivative couplings, present in SM

q=d,s,b
1
+l—ngg
sy 1 1
W[U/W/ll/ 3 ZECZZZ/J“VZ/-“/ & §CZ'7’Y;L1/Z;11/

2-derivative, not present in SM

KJZZ({)UZ/LI/Z/I. m (K-WW8UW+ ool




Simplified Effective Higgs Lagrangian

Some parameters of SILH Lagrangian are strongly
constrained by electroweak precision tests. In particular,

tree level contributions to S and T

LEP1+SLC+my

AT — Oz_léT - cr S 12
16
XS5 9_277 (B + cw) = cg+ceow S 10 %
L

At 1 loop, power divergent contributions to oblique parameters

A,d 2 2.2 p) A? 2 p)
Y1 ~ ——— | Kivw — Co (K57 + K% Cyr., — C
A 1672v2m3;, [ ww = Cu(Kzz Zﬁ)] i 167202 [ Jie S ]
A? 2 2 7.2 2 2,9 2
alU ~ {67202 leivw — co(cZz + €%.) — CwSw(Cz2C2y + C21Cyy) — 85(Coy + €3]

To avoid it, impose custodial symmetry relations
CV.z = Cy

2
Kww = Kzz BKww = CyKzZ T CySwKZ~

Cw 2 2
CWW = Cyny + S—CZ,Y CWW = CpyCzZ t 284CyCZ~ + 8yyCryny
w



Simplified Effective Higgs Lagrangian

Some parameters of SILH Lagrangian are strongly
constrained by electroweak precision tests. In particular,
tree level contributions to S and T

LEP1+SLC+my

AT — Oz_léT - cr S 12
16
XS5 9_277 (B + cw) = cg+ceow S 10 %
L

At 1 loop, power divergent contributions fo oblique parameters

S?UFLWW (GCV + 9eww + 17nww) 9
S ~ A
487202

To avoid it, impose custodial symmetry + 1 more relation

Cv,z — CV

Cuw 2 2
CWW = Cy~ + 3_sz CWW = CyCZZ + 28wCwCZ~ + Sy Cryny
w

KJWWZO KJZZZO RZ'y:O



qg=u,c,t q=d,s,b [=e. %
1 s g 1
+ZCQQGW/GW/ A ZC”Y’Y’YNV’YMV
1 | 1
il yii ¥ e ot g
Cw c2 —s2
CWW = Cyy T S_CZ'y CzZ = Cyy T ! CZ~
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Simplified Effective Higgs Lagrangian

i

£h M ( QCVmWW_'—W +CvaZ Z

—Cy Z Mg = Cd Z mqqq — Ci Z myll

Simpler effective theory with 7 free parameters

<ALL> these parameters are meaningfully constrained by current Higgs data

Limit of SM+SILH with constraints ¢r = ¢ =0

Standard Model limit: cv=cs=1, Cgg=Cyy=Czy=0

Caw +Cup =0

cg+cygp =0



effective Lagrangian
to observables W




Tree-level Higgs decays

PZZ
2 2
TSM CV + 0.26cvczz + 0.02¢7 4
VA o
shaddaiop ST L 0.05¢
PSM —Cy : VOCWW - WW
W W *
Lo 2
'SM — Cd
bb A
Lk citvea ;( QCvmWW+W +cvm/é Z
—Cu Z Mqqq — Cq Z mMqqq — Cy Z myll
:[‘\ qg=u,c,l q=d,s,b l=e,ur
B 1 g v |
FSM —— Cl +é—1(1()(1(¥pu(\'uu 58 ZC";'?‘A!/ILVA!"IU/
TT 1 1 1

_QCVl VVIV/;,VV,;, e 4CZZZ/U/Z#U i3 QCZ“,'AI';UJZ#U)



1-Loop Higgs decays

Tog . |égel*
ngl 2 |égg,SM|2

Ggg = Cgg + 1072 [1.28 ¢, — (0.07 — 0.1%) ca + .. .]
|égg,SM| ~ (0.012

~v

Tyy o 1é4l°
Fﬁi‘f 3 |67A1,SM|2
Gy = Cyy+1074[0.97cy —0.21Cy + .. .]
|é1.sM| >~ 0.0076

: o
Lhsim = = ( 2evmyWiW, +cvm%2,2,

—Cu E Mqqq — Cq E mMqqq — Ci E myll

g=u,c,t g=d,s,b l=e,ur
1 |
a a ALY
+L_1(:99Gu.z/ ol |1 R l_lcﬁ"}’ [y Tpv

1 5 2374 |
_2Cl-i"W’"'V,,,UM/,w g 4CZZZ/U/Z;U/ i 2CZ",'A!';U/Z;U/

e _ — ___——————— —____ ___ & ——— - —— — —



1-Loop Higgs decays

Tog ., |Cgel”
12 |égg,SM|2
Ggg = Cgg + 1072 [1.28 ¢, — (0.07 — 0.1%) ca + .. .]

|égg,SM| ~ (0.012

PZ’YN léZv|2
L ™ |ezy,m[?

ézy = czy+107%[1.49cy — 0.09¢, + ..
IéZ’y,SMl ~ (0.014

Lr st 1—( QCvmWW+W +cvm/d Zy,

—Cy Z m.Jq — €4 Z mqqq — Cy Z myll

g=u,c,t g=d,s,b l=e,ur
1 1
a a R,
+AICQQC;11/CM1/ R EC'}"}' Ty v

1

1 — 1 s r r
_QCH W W — CZZZ/U/Z;U/ £ 262—{‘@,,4;11/)
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Higgs production

gluon fusion

Gluon fusion (ggF), gg—h+jets
Vector boson fusion (VBF), gg—hgg+jets

Vector boson associated production (VH),
qg—hV+jets

Top quark associated production (tth),

ggetth-l—]ets
Production rates: O ggF ‘égg|2 OVBE | |2 ik ‘ |2
Fats Bl |54 7 Zanv - |Cu
oor  |CogsM[?2  OVBR Otth

Significant effect of 2-derivative couplings on VH production modes:

OWH 2 2
SM e CV . 5 3.6CVCWW + 55CWW

OwWH

OZH 9

Pe

OW Cyro® 1-OCVCZ’Y s 3.4CVCZZ & 2.4022,}, S 2-7CZ'YCZZ ac 4'362ZZ
ZH



Higgs rates

Observables are rates in various Higgs channels, which are convolution of production,
partial decay and total decay width

e.g.

~ggF _ OggF Fw I11:01:,SM ot |égg|2 ‘é'w|2 I‘tot,SM

o Oger Ltot TSN |Cgg,5M[° [y sMI* Ttot

Lot s

~ 0.56¢35 + 0.03¢2 + 0.06¢; + 0.26¢% + 0.09

Ltot,sM Cgg,5M|°

Thus, effectively, each LHC observable depends on all parameters of effective theory



Higgs couplings vs EWPT

Even with these restrictions divergent (but only log)
corrections from Higgs to oblique parameters

39% — When coupling to mass deviates from SM
ol % o5 5 (¢t — 1) Tog{A/mz),
g grLgy 2 2
9’ {29LgY (1 g2 CV) 5 7 6CV [2ngYC'y'7 & x CZ’y(gL e gY)]

) 2
9L, gL
W~ —=— == log(A
o 19972 (6’7’7 T 9 CZ’Y) og(A/mz),

‘ b /> When 2-derivative couplings are present
9z ( g )
Sy

— —Y027 log(A/mz),
gr

OTI;) — OlLLy 463
e gzgy m%, W b BEL B (5H§21)_5H%))

97 + 9y mig 91 + 9y

aV =méy, (OH{? (5H(31;)> aW = —m%{,.véﬂgé), aX = —'m.‘f,‘,.vdn;gg, aY = —771%,.'5H(§%3. QL= —mfvﬂg



Higgs couplings vs EWPT

LEP1+SLC+my

CV<1 iS Ilke hQGVier nggs Barbieri,Bellazzini,Rychkov,Varagnolo,
cV>l1 is like lighter Higgs il
Stringent limits on ¢V from EWPT alone:

EWPTos 07013

0 g
095 100 105 1104115 32

Cy

Caveats:
- Constraints depend (logarithmically) on cubt-off scale of effective
Eheorv, here chosen ab 3 Tey
- Constraints can go away at the price of tuning Higqs conbributions
to § and T aqainst other significant conbributions from BSM



Higgs couplings vs EWPT

2-derivative couplings also constrained by EWPT, though less strongly

39% /o
3972 (ciy — 1) log(A/mz),
gLgy
aS ~ e .
487%(97 + 9%

+3 [‘ngy((:%A’, = (_:,2,’,,},) - (gi - 9%)(57'7(527] } log(A/mz) ,  This combination enters linearly (when cV=1)
| and therefore is strongly constrained

ol ~

) 1299y (1 - C%f) + bey EQngycw + czy(97 — 932/)]

aW = g“,% Cn + IL C7 ; log(A/mz)
2 19272 \ "7 gy X ol g
(12 gy :
: ~ ‘ L p- / / p
oY =~ TS (CW i cdﬂ_,) log(A/mz), SO

Orthogonal combination of cyy and cZy enters
quadratically, and therefore is less constrained







D

Global fits

I fit couplings of the effective theory to
available ATLAS, CMS, and Tevatron data and
EW precision tests from LEP, SLC, Tevatron

Starting with unconstrained 7 parameter,
than moving to constrained 2 parameter fits
motivated by new physics models

Ignoring systematic and theory errors.
Assuming errors in different channels are
Gaussian and uncorrelated (except for in
EW precision tests)

But taking info account 2D likelihoods in the
GGF-VBF plane, whenever available

Some related coork

had=

| 6] D. (’Q}mi. A. Falkowski, E. Kuflik and T. Volansky, “Interpreting LHC Higgs Results from j
Natural New Physics Perspective,” JHEP 1207 (2012) 136 [arXiv:1202.3144 |[hep-phl].
: 7] A. Azatov, R. Contino and J. Galloway, “Model-Independent Bounds on a Light Higgs.”
JHEP 1204 (2012) 127 [arXiv:1202.3415 [hep-ph]].
i8] J. R. Espinosa, C. Grojean, M. Muhlleitner and M. Trott, “Fingerprinting Higgs Suspects ||
‘ at the LHC,” JHEP 1205 (2012) 097 [arXiv:1202.3697 [hep-phl].
9] M. Klute, R. Lafaye, T. Plehn, M. Rauch and D. Zerwas, “Measuring Higgs Couplings !
from LHC Data,” Phys. Rev. Lett. 109 (2012) 101801 [arXiv:1205.2699 [hep-ph|].
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7 parameter fit
cy = 1,04 5
c,, =10.55
ca ki3 o

¢ = 1,041021
Best fit and 68% CL range for

e +0.022 parameters (warning, some
Cgg = 0.000 —0.031 errors very non-Gaussian)
S 0 - OO 1 8 Islands of good fit with
CF}/!Y B 5 O . OOO ]- e 0 3 002 1 negative cu, cd, cl ignored here

0.015

Ax2=x2sm - X2min =4.9, with 7 d.o.f.
the SM hvpothesis is a perfect fit :-(((



7 parameter fit

1 O4+0 .03 s — It couples fo W and Z mass!!!
0038, " R e0.10
+0.66 using only Higgs data: Cy = U.Y(_5'ig
055_ _, Too early to say whether
it couples to top due to weak
5 O3+O 26 limits on tth production
20\) It couples to fermions!
+-0.21 — (actually constraints on cd indirectly
]- 04 &0:21 via constraints on total width )
+0.022 5 Weak limit on coupling
O 005 —~0.031 — to gluons due to degeneracy
with cu (c.f. effective
0.0001 0.0 , ~ ¢gg=0.012 in SM)
. —0.0021 Quite strong limit

on coupling to photons

1) 006+0 010 & oF cffective cw0.0076'In SM)

0. 02\

Weak limit on coupling fo Zy
due to weak experimental limits
(c.f with effective czy=0.014 in SM)



@ A Higgs is a scalar particle
that fakes part in
electroweak breaking, that
IS to say, it couples to W
and Z mass so as to
unitarize their scattering
amplitudes

07 08 09 10 1.1

@ Overwhelming evidence it is

a Higgs boson @ For a unique Higgs with
cv=1 it gets promoted to
@ Statement independent of  the SM Higgs
POSSII?Ie h|gher order Owne can skill hope tk’s nok
couplings fo W and Z the SM Higgs boson..

but no experimental hints
® Smells like H‘\Q HiggS boson i bthat direction



7 parameter fit

CV — 1 O4+8 8% — It couples to W and Z mass!!!
Cy — O 55+? gg B _, Too early to say whether
it couples to top due to weak
Clii 1 03+0.26 limits on tth production
; R 20\) It couples to fermions!
+-0.21 — (actually constraints on cd indirectly
Cli— 1-04_0 21 via constraints on total width )
0.022 e Weak limit on coupling
ng S O 005+0 031 — to gluons due to degeneracy
0.0 with cu (c.f. effective
C"Y"Y = OOOO]. _0:0021 Quite strong limit s

on coupling to photons

CZ"}’ = O 006+0 015 (c.f. effective cyv=0.0076 in SM)

Weak limit on coupling fo Zy
due to weak experimental limits
(c.f with effective czy=0.014 in SM)



7 parameter ﬁf

Couplings to gluons and fop probed mostly by gluon
fusion Higgs production mode

Cust ¥ g1
02@% Cgg,5M|

Egg N Cgq + 0.0128 c,,
|égg,SM‘ ~ (0.012

In a general situation, degeneracy between cgg and cu
Only broken by the tth production mode

oJ\Y |
Oith

Current limits on tth production still weak

Uﬂh Br(h — bb) 34 Otth +1.34
='2.09"y4 > — 4

ttl Bl(f) 5 bb)%\l : 0-51\/1 0 7 —1.30

ATLAS tth  cMs combined

HIG-13-019-pas



7 parameter fit

CY/ = 1 O4+8 8% s — It couples to W and Z mass!!!
o O 55+0.66
Cy — V. B v _, Too early to say whether
: it couples to top due to weak
cqg =1 03+O .26 limits on tth production
T U k It cou '
ples to fermions!
g 4+0 21 —= (actually, stronget constraints on cd
Gl 5 O 0.21 indirectly via constraints on total width )
+0.022 8 Weak limit on coupling
ng 3 0.005_0_031 — to gluons due to degeneracy
with cu (c.f. effective
— 0.0001 0.0 ,  ¢gg=0.012 in SM)
. —0.0021 Quite strong limit

on coupling to photons

—50). 006+0 010 (¢ effective cw=0.0076 in SM)

0. 02\

Weak limit on coupling fo Zy
due to weak experimental limits
(c.f with effective czy=0.014 in SM)



7 parameter fit

+0.03 — It couples to W and Z mass!!!
Cy — ]. 04 —0.03 g
< () 55+O .66 _, Too early to say whether
1.72 it couples to top due to weak
Cq = 1 03+0.26 limits on tth production

—0.20 \ It couples to fermions!
— (actually constraints on cd indirectly

= O4+8 %} via constraints on total width )
g Weak limit on coupling
= O 005+8 83% — to gluons due to degeneracy

with cu (c.f. effective

o O 0001+0 0021 Quite strong limit - S\

on coupling fo photons

CZ,.), — OOO6+O Ok (c.f. effective c\y=0.0076 in SM)

0.028°" il

Weak limit on coupling fo Zy
due to weak experimental limits
(c.f with effective czy=0.014 in SM)
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2-parameter fits: loop inspired

- Only 2-derivative Higgs couplings to gluons
and photons vary; other couplings kept at SM
values

LC)(;'} ~tnduced new 4 1ISLES

L.
LT
~

------------------------

- On this plane, no significant variation of X2
| N | | in Vh—=bb and h—=TT channel, only h—Yyy and
T R A h—VV* channels relevant

F~rman
-
| .y
Sreea
.-
-

7777+7f777**1*\***f\\ﬂff777777\7f*f*f*fffffffffﬂffffffff'

,,,,L,,,,,,,J,,,,,\‘,,,\,,,,,,,,L,, ,,,,,,,,,,,,,,,,,,,,,,

\ L | o - Good fit when cgg and cyy very small, or
R S T ******** when significant but fine-tuned against SM
= contributions

- 2 islands have exactly the same X2. The
lower corresponds to cgg contributing to
gg—h amplitude approximately twice as much
as SM top loop but with opposite sign

—0.0010.000 0.001 0.002 0.003 0.004 0.005

Cyy

- There are also 2 other mirror islands at
cyYY=-0.016



2-parameter fits: loop inspired

Assume Higgs couples to new scalars or fermions

Shsfs—cf fhff

Heavy scalar or fermion in color representation r
and charge Q contributes to eff. Lagrangian as

]
1
1
1
4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Qe[ 2 1
0Coqg = — | =c+Co(rs) + —c.Cs(rs
99 =i | gcrCalns) + ccaCalrs)
Oy 2 1 :
BTN ey = =2 ( Zor@Pd(ry) + ~esQ2d(r,)
—-0.0010.000 0001 0002 0003 0004 0005 i 3 6

Cyy For fundamental color representation (quark)
C2=1/2 and d=3
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NGBHiggs couplings fo SM fields

Higgs = Goldstone Boson of SO(5)/SO(4)
h

described by angular variable sin —

f

f sin

@ 2 gin @ <
7 \/1 [ AW, W

Coupling to W and
model independent

) e Coupling to fermions ; :
| model dependent " i (})COS” (})

Slide gtolen from Francesco Riva




Cyy=Czy=0
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Composite Higgs
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2 parameter fits: invisible width allowed Excluded by monojet

searches
in CMS and ATLAS

Higgs-por&od. Lmspirad new F:kjsi,t:s SRR pd] 1205. 3169

cr=cy=1, cgg=Cyy=cz7,=0

Excluded by ATLAS
. ZH—invisible search

0.10 0.15 020 0.25 0.30
BI'inv

- If all couplings at SM value, invisible branching fraction larger than 22%
disfavored at 95% CL

- Allowing invisible width and simultaneously new contributions to Higgs
couplings to gluons gives more wiggle room

- For the sake of the fit, “invisible branching fraction” could be “branching
fraction into anything that LHC is currently insensitive to”, for example h->4j
- But for truly invisible width, monojet searches and ATLAS LEP-like search
place non-trivial bounds on this parameter space!


http://arxiv.org/abs/1205.3169
http://arxiv.org/abs/1205.3169

Boudjema et al.

How can we do better? sl

@ [6D likelihoods]: For each decay, provide
likelihoods separated into all 5 production

modes (ggF, VBF, WH, ZH, ttH) and as a
function of mH.

@ [Tensor structure]: For decay channels
sensitive to tensor structure for Higgs
couplings provide likelihood separated into
each allowed form factor (expanded in

1

mom erll.I-lJrT]) ® -A(H — V/}VVQ) — ; (Fl(pipg)zm%/n,uu + F2(p%apg)plup2u + F3<p%7pg)€,uupap/1)pg) ’

@ [Fiducial cross sections]: Asymptotically,
publish a set of cross sections and
acceptances.
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