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" The explicit form of the Lagrangian depends on the
assumptions one makes

" If new particles are discovered they can be included in
the Lagrangian in a bottom-up approach
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| WILL ASSUME:

1) SU(2).xU(1)y is linearly realized at high energies

2) h(x) is a scalar (CP even) and is part of an SU(2). doublet H(x)

3) The EWSB dynamics has an (approximate) custodial symmetry

global symmetry includes: SU(2).xSU(2)r—SU(2)v



Effective Lagrangian for a Higgs doublet

L=Lsn + Z ciO; =Lsy +ALsirg + ALp, + ALF,
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Effective Lagrangian for a Higgs doublet

dimension-6 operators
(only those relevant for Higgs physics)

The list of dim=6 operators of the effective
Lagrangian has been known in the literature Buchmuller and Wyler
since long time NPB 268 (1986) 621

Grzadkowski et al.

Minimal and complete list fist appeared in: JHEP 1010 (2010) 085

| will follow the parametrization and the Giudice, Grojean, Pomarol, Rattazzi
analysis of: JHEP 0706 (2007) 045
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Absence of FCNC from tree-level exchange of the Higgs requires flavor alignment

12 operatorsin ALs;.gx T 5 made only of gauge fields (not shown)
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In total: 12+5+8+8+22 = 53 linearly independent + 2 redundant
Ow = =60y +2(0y+Oq+ O;) —80¢ + Oy, + Oy,

Op = 2tan2«9W(ZY¢ OHw — OT>
(0



In total: 12+5+8+8+22 = 53 linearly independent + 2 redundant
Ow = =60y +2(0y+Oq+ O;) —80¢ + Oy, + Oy,

Op = 2tan2«9W(ZY¢ OHw — OT>
(0

Our basis equivalent to that of Grzadkowki et al. but more convenient for Higgs physics because:

[1] operators which parametrize oblique corrections are in the list ( Oy, Op)

[2] it isolates the contributions to the decays
h — ~vv (from O )

h—~Z (from Oy and Ogw —Ogp)

which occur at the 1-loop level in minimally coupled UV theories

[3] if the Higgs is a pNGB then O, is suppressed

(no cancellation among different operators occurs as in other basis)



POWER COUNTING: [ Giudice et al. JHEP 0706 (2007) 045 ]

= each extra derivative costs a factor 1/M

= each extra power of H(x) costs a factor g./M =1/f

1 1
For a strongly-interacting light Higgs (SILH): ? > K



POWER COUNTING: [ Giudice et al. JHEP 0706 (2007) 045 ]

each extra derivative costs a factor 1/M

each extra power of H(x) costs a factor g./M =1/f

1 1
For a strongly-interacting light Higgs (SILH): ? > K

Naive estimate at the scale M:
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Specific symmetry protections might be at work in the UV theory

= Ex: inthe MSSM g« ~ @

m2, g
R-parit # Cw,CB ~ X
pariry W, CB M2 1672
= Ex: if the Higgs is a pNGB
2 2
_ m g
Goldstone symmetry ‘ CryCq ™ W_ 7%

16722~ g2



Current bounds on Wilson coefficients

—1.5x107°% < ép(mz) <22 x 1077

~1.4x107° < ey (mz) +cg(myz) < 1.9 x 1077

0.008 < 21 = 0.0 —0.03 <cpg <0.02 / —0.02 < €pgq, + gy, < 0.005
Y Hu - _ —0.004 < cyp + ¢y, < 0.002
0% e 000 —0.005 < Eprq2 < 0.003 - we oony 0003 < - Crrq, < 0.009
— Y. C . —U. <c —C < U.
e —0.002 < &,y < 0.003 et —0.02 < &g, < 0.03
—0.03 < g, < 0.02 . —0.0007 < &7 < 0.003
—0.003 < ¢jrg2 < 0.005 —0.07 < gy < —0.005

—0.4 x 1073 < égp(mw) < 1.3 x 1073

—0.057 < Re(eiw + &) — 2.65 Im(cyw + &) < 0.20 —6.12 x 1072 < Re(éig) < 1.94 x 1073
—1.39 x 107 < Im(é,) < 1.21 x 1074 —1.2 < Re(Gyw) < 1.1
—0.01 < Re(éw) < 0.02

—~7.01 x 107°% < Im(éyp + Cuw) < 7.86 x 107° —1.64 x 107? < Re(Ce — Cew) < 3.37 x 1077
—9.42 x 1077 < Im(Gqp — Caw) < 8.40 x 1077 1.88 x 107* < Re(¢,p — €,w) < 6.43 x 107*
—~1.62 x 107% < Im(&,) < 2.01 x 1076 —2.97 x 1077 < Im(Gep — Cew) < 4.51 x 1077

—7.71 x 1077 < Im(Eg¢q) < 5.70 x 1077 —0.26 < Im(¢,p — Cuw) < 0.29
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Current bounds on Wilson coefficients

LEP+Tevatron —1.5x107°% < ép(mz) <22 x 1077

(EW fit from GFitter) —1.4 x 107 < ey (myz) + es(mz) < 1.9 x 1073
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E —0.03 < équ < 0.02 —0.02 < EHQQ + 5}{% < 0.005 i

rate b—sy
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—1.39 x 107 < Im(é,) < 1.21 x 1074 —1.2 < Re(Gyw) < 1.1
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Current bounds on Wilson coefficients

: LEP+Tevatron ~1.5x 1073 < ép(mz) < 2.2 x 1072
:  (EW fit from GFitter) 1.4 % 1073 < @ (myz) + és(myg) < 1.9 x 103 :
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Current bounds on Wilson coefficients

: LEP+Tevatron ~1.5x 1073 < ép(mz) < 2.2 x 1072
:  (EW fit from GFitter) 1.4 % 1073 < @ (myz) + és(myg) < 1.9 x 103 :
i 0008 < 5 = 0.09 —0.03 < g1 < 0.02 —0.02 < rgy + gy < 0.005
. —0. Cru < 0. i —0.004 < xp, + &y, < 0.002 :
: ) —0.005 < prgz < 0.003 CHE TR ~0.003 < Grrgy — g, < 0.009 :
. —0.03 < ¢pq < 0.02 , —0.003 < éxr, — Cpyyp < 0.0002 :
: —0.002 < Crq1 < 0.003 —0.02 < ég. < 0.03 .
. —0.03 < ¢xs < 0.02 § —0.0007 < &z < 0.003 :
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—9.42 x 1077 < Im(Gqp — Caw) < 8.40 x 1077 1.88 x 10~* < Re(¢,5 — €uw) < 6.43 x 104
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—7.71 x 1077 < Im(é4q) < 5.70 x 1077
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Current bounds on Wilson coefficients

5 LEP+Tevatron ~1.5 x 1073 < &p(myz) < 2.2 x 1073 5
(EW fit from GFitter) 1.4 x 1073 < & (mz) + ég(mz) < 1.9 x 1073
5 —0.03 <epq <0.02 —0.02 < Cprgy + g, < 0.005
+—0.008 < ¢y, < 0.02 —0.004 < & & < 0.002 = 1 :
; i —0.005 < €2 < 0.003 A 3 g < B —0.003 < Epg, — Cryq, < 0.009
. —0.03 < cgq < 0.02 , —0.003 < éxr, — Cpyyp < 0.0002 ’ :
: —0.002 < Crq1 < 0.003 —0.02 < ég. < 0.03 :
| —0.03 < ¢y < 0.02 . —0.0007 < g7 < 0.003 :
: —0.003 < Cprgo < 0.005 —0.07 < égp < —0.005 :

rate b—sy ttbar, top decays

0057 < Releow ) 265 Imiay +6) <0011 61201077 <Releig) <194x107
 C139x 10 <Im(ag) <121 x107¢ ~1.2 < Re(Gw) < 1.1
~0.01 < Re(ew) < 0.02

Neutron EDM -

—7.01 x 107°% < Im(Eyp + Cuw) < 7.86 x 107° —1.64 x 107? < Re(Cep — Cew) < 3.37 x 1077

—9.42 x 1077 < Im(Ggp — Eqw) < 840 x 1077 1.88 x 10™* < Re(¢,5 — €uw) < 6.43 x 104
—1.62 x 107 < Im(&,¢) < 2.01 x 10~° : —2.97 x 1077 < Im(Cep — Cew) < 4.51 x 1077

—7.71 x 1077 < Im(é4q) < 5.70 x 1077 —0.26 < Im(¢,p — Cuw) < 0.29

Muon and electron (g-2), EDM
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Current bounds on Wilson coefficients
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—0.26 < Im(¢,p — ¢,w) < 0.29



10

Current bounds on Wilson coefficients

custodial symmetry coefficients of fermionic
required to avoid —» | 1.0 X 107% < ép(myz) <2.2x 1077 operators all very small
strong bound oncr 14 %1073 < & (myz) + ep(mz) < 1.9 x 107° (except ci)

}

0,008 < o = 0,02 —0.03 < €¢gq1 < 0.02 / —0.02 < Cpg, + Cpy, < 0.005
—VU. CH . _ - -
! —0.005 < Zrrgp < 0.003 PO e+ Can <0002 003 < gy — Sy, < 0.009

—0.03 < éxq < 0.02 y —0.003 < Er1, — &y < 0.0002 ’

—0.002 < &,y < 0.003 —0.02 < &, < 0.03
—0.03 < égs < 0.02 » —0.0007 < ég < 0.003

—0.003 < €45 < 0.005 —0.07 < egp < —0.005

S’rrong MFV bound —» —0.4x 1073 < Eth(mw> <1.3x1073

M > \/103mymy ( 9 ) ~ 900 GeV ( ha )

Aty

Limits on neutron and electron EDMs set a bound

(v/f)* £ 1077
/ Symmetry protection required to avoid it

—7.01 x 107% < Im(Eyup + Cuw) < 7.86 x 107°

—9.42 x 1077 < Im(égp — aw) < 8.40 x 1077 l
—1.62 x 1075 < Im(&,¢) < 2.01 x 1076 —2.97 x 1077 < Im(Gep — Cew) < 4.51 x 1077
—7.71 x 1077 < Im(Gqq) < 5.70 x 1077 —0.26 < Im(¢,5 — ¢,w) < 0.29
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Estimating the effects on physics observables

Ce A\

o ()

ALsirn =55 0" (H'H) 0, (H'H) + 2 (HT D'H)(H'D,H) -2

(S oy HUH quioup + 5 ya BV quHdg + %y HUH Ly Hlg + hc.)
(Y (Y (Y

1Cw g

_|_
2m%v

(HTaiﬁH) (D"W,,,,)! (H TD“H) (0" Buy)

mW

n ICHW g (D“H)Tgi(DyH)WZV CHBg (D”H) (DVH)B,LLV
miy My

+ 99 HtB,, B + 955 gS HTHG;, G
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Estimating the effects on physics observables

' C — Ce A 3
ALoiin +5ig O (HVH) 0,(H'H) + 25 (HTD“H> (H'D ) = =5 (H'H)
s o c i c _ 5
. (2—2 v HUH Gp Houp + U—g o HTH g, Hd g + U—; g HYH Ly Hlp + h.c.) 5

4 KLCI/X;Q (HTOJﬁH> (DUI@I,LU/)Z. ZCB g <HTDIL‘H) (ay Iuy)

2miy miy
T /
L WY pe i (D HYWE, + B (DR (DY H)B,,
My My
iy g’
+ 29 giHB,, B + 995 HIHG, G
My mn
Parametrize corrections to Ac —0 f Probe Higgs interaction
tree-level Higgs couplings: CS M 12 strength g,
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Estimating the effects on physics observables

ZEVVg i~ v ) CB Y v
+ 2 (HTJ D“H) (D" W) + 5 (HTD“H> (0" B,,)
%% %%

: . . ) ) / E
-+ L (DrE) o (DY H)W, + L (DM H) (DY H) By,

m2, MY m,
2 L
+ 29 HIHB,, B"
My, :
. ol . mé; . mé;
Modify the h—-WW, ZZ decay rates Tony  WB X 0 2z ) terwraB.y X 0 1672 f2

)
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Estimating the effects on physics observables

Ca \ Lo \3
—ST(H'EU

ALsry = % 0" (H'H) 0, (H'H) + 2% <HTﬁH) (H

S
ks
SN—

_11 L o C _(/ £ o E L —
+ (C—Q yo HUH G Houp + —% yy H'H g Hdp + — y HUH L Hlp + h.c.)
V4 V4 V4

- C !
n ’LCW29 (H]LO'ZWH) (DVW,LLV)i 4+ ZCBQQ (HT(D_IIH) (87/3“;/)
2miy, 2myiy

o — ) , :
n icgw g (DMH)TO'Z(DVH)W:W—I— ICHB g (D’LLH)T(DVH)BW/ i

mé; miy
L9  Co 03 i
+ - HYHB,, B S HHG G
. ol . m‘%[/ A O m%/V
Modify the h—-WW, ZZ decay rates Tony  WB X O\ 3z ) T erwnBy X 1672 f2

T

Probe NP scale
<107 due to
LEP bounds
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Estimating the effects on physics observables

Ca \ Lo \3
—ST(H'EU

ALsry = % 0" (H'H) 0, (H'H) + 2% <HTﬁH) (H

S
ks
SN—

n <C_gyu HTHCYLHCURJF C—gdeTHQ_LHdRJF C_;Jl HTH[_JLHZRJrh.C.)
02 V4 v~

1CW g PR v i ICR g/ ‘S v
+ o (HT o D“H) (D" W) + 52 (HT D“H) (0" B,,)
W W

o — ) , :
n icgw g (DMH)TO'Z(DVH)W:W—I— ICHB g (D’LLH)T(DVH)BW/ E

My miy

L, g’ LG g% .

 + —5— H'HB,,B" 4 5% H HG, G

; myy LMYy

. ol ) m%v . m%,v
Modify the h—WW, ZZ decay rates v cw,p X O 22 ) T eEW+HB .y X O 1672 2

Probe NP scale Naively smaller
< 107 due to
LEP bounds
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Estimating the effects on physics observables

mW

: o :
-+ I (pu gyl (DY HYW, + S (DR (DY H)B,,

167

myy W miy
G 72 E ----------------------------------------------
+29 HYHB,,B"™
miy :
Modify the h—-WW, ZZ decay rates 5(dT /dS) ) m2, 1672
< Cw.B X 0, EVS) X 5
Possible strategy: study angular (dT/dQ) s ™ M g
distributions of final fermions mé,

2

)
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Estimating the effects on physics observables

ALsirn =5 0" (H'H) 9, (H'H) + =5 (H'D"H) (H'D ,H ) - Cf—; (H i)

+ (55 v H'H @ H up + 5 ya H'H quHdp + 5y H'H L Hig + hec.)
v ) (U

o ' ' ) ' / !
+ I (o DR ) (D" W) + o2 (HIDEH ) (07 Bu)
My

E ZEHWQ L + o U i iEHBg, L T v ;
L+ (D*H) o' (D" H)W!, + “259 (DrH){(DYH)B,,

m%v mW
¢, > Cy G
+ 25— H'HB,,B" + 232 H'HGY., G,
mW mW
ol A V2
Modify the h—vyZ, vy, g9 decay rates o = CHW-HB/,g % O 72
SM



Estimating the effects on physics observables

C6/\

UQ

ALsirn =5 0" (H'H) 0,(H'H) + =5 (H'DPH) (H''D ,H ) — = (H'H)’

+ (e g HYH GuHup + 5 ya H'H L Hdp + 5y HUH Ly Hig + hoc.)
(Y (Y (Y

n ch g (H' ZD“H) (DUWM,/)i 4 ZQCBQ (HTD’“‘H> <8VB/W)
miy

: s — / 1
4 I (Dot (DY HYW, + EEL (DR E)N (DY H)B,,
- miy myy :

o+ C”g HUHB,, B 1 %095 [ige, gom.
' miyy miyy

oI’ V2
Modify the h—vyZ, vy, g9 decay rates ——— = CHW—HB,~,g X O<—2>
I'sm f

If the Higgs is a pNGB: vy, g9 suppressed, only vZ probes Higgs strong coupling
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Estimating the effects on physics observables

C
dG gS Yd qLHO"LW)\ad G/a,“/

— /
Caw |
w9 Ya qro'Ho"dp W, +
H mW

C
45 Yad QLHO_'LWdR B,ul/ + —

T —
W mW
/
+ ClBg v, L Hot lr B, + leyl [_/LO'ZHO'MVZRWZW—F}Z.C.
mw mW
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Estimating the effects on physics observables

C
il ungS Y qLHCO_M,V)\CLu GZV
myy,

Potentially sizable effects may come from the gluon dipole operator involving the
right-handed top quark:

do(gg —h) . _ my mj 3 [(v?

~Y P— _ ~Y ~ ]_ —_—

olgg =Ty ~ e = Rel@e) { Tnn ) ~ g =3 10T
do(gg — tt) 5 ﬁ do(gg — tth) s
olgg—tt) " my olgg—tth) ' m?
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Strong vs Weak UV completions

Prototype of weak UV theory: the MSSM

. ’U2 m2
- no separation of scales: | — | ~ [ - X
f? M?2

- tree-level shifts in the couplings from mixing:

4 2 1 2
CV:1+O<m—4Z) Cu:l_O(mQZ) cd:1+0(m_22)
M m%; ) tan (3 mi
My <ivabl . miy 9. A
- potentially sizable corrections to vy, gg Cyg =0 TS s = p— , Ut
i ¢

Prototype of strong UV theory: composite pNGB Higgs

- leading effect in tree-level couplings and Zy rate

v? ['(h — Z~) v?
Cy,Cu,Cqa =14+ 0| —= :1+0<_>
nm (f) Csu 2

- Cg, C~ suppressed
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Effective Lagrangian in the unitary basis

1

1 1 [(3m3? —8) (i h
£:§auh 8“h——m%h2—03—( mh)h?’— Z mw(i)w(z)w(z) (1—|—c¢;—|—...>

2 6} v

v=u,d,l

h 1 h

C c ;
+ (CWW WL—L'_VW_MV —+ % Z,UJVZ/“/ + CZ~ Z’L”/y/“/ + % ,y’uy,y,ul/ i % GZVGCL,LLV>

SEIIS

< |

-+ (CW8W (WI/_DMW_H“/ + hC) + Czo7 Z,/((?MZ'UJV + CZo~ ZV((?M’}/'LW) “+ ...



Effective Lagrangian in the unitary basis

1 L 9.9 L (3mj\ 5 7.(3),,(i h
/J:iauh@“h—imhh _636( . h® — Z mwmw()w() 1—|—c¢;—|—...
h=u,d,l
9 s — h I h
+my WW™H 1+ 2ew — + ... +§mZZMZ“ 14+2c;—4+... ) +...
v v
h
+ (CWW W/j_l/W_MV + ng Z,UVZ/“/ T CZy ZW/YW/ + _C;Y %w’)’/w T % GZVGWV> v

+ ...

< |

+ (CW8W (WI/_DMW_H“/ + hC) + Czoz Z,/auZ’LW + Czo~ Z,/au’}/’uy)

" The same effective Lagrangian describes a generic scalar h (custodial singlet)
with SU(2).xU(1)y non-linearly realized

Each term can be dressed up with Nambu-Goldstone bosons and made
manifestly SU(2).xU(1)y invariant

Coleman, Wess Zumino PR 177 (1969) 2239; Callan, Coleman, Wess, Zumino PR 177 (1969) 2247

RC, Grojean, Moretti, Piccinini, Rattazzi JHEP 1005 (2010) 089
Azatov, RC, Galloway JHEP 04 (2012) 127
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Effective Lagrangian in the unitary basis

1

1 1 [(3m3? —8) (i h
L‘:iauh 5‘“h——m%h2—03—( mh)h3— Z mw(i)w(z)w(z) (1—|—c¢;—|—...>

2 6

(
Y=u,d,l

h 1 h

C c ;
+ (CWW WJI/W—MV —+ % Z,UJVZ/“/ + CZ~ Z,LLI/V'L“/ + % ,y’uy,y,ul/ i % GZVGG;LV>

SEIIS

< |

-+ (CW@W (WI/_DMW_H“/ + hC) + Czo7 Z,/((?MZ'LW + CZo~ Z,/au’}/'uy) “+ ...

2 more parameters (couplings) compared to SILH Lagrangian:

CWW,CZZyCZ~s Cyry — CHW s CHB, C~

CWow,CzoZ,CZo~ — Cw,CRB
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= 2 identities hold if the Higgs is a doublet

Cww — Czz Cos2Oy = Cz~ SN 20y + Cyqy sinZfy,

CZo~

Cwow — Czoz COS2Oy = sin 20y

They follow from custodial invariance, which is accidental in the SILH Lagrangian
at the level of dim-6 operators if one restricts to derivative couplings.
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2 identities hold if the Higgs is a doublet

Cww — Czz Cos2Oy = Cz~ SN 20y + Cyqy sinZfy,

c
2 Z 0y
Cwow — Czaz COS Oy =

sin 260w,

They follow from , Which is accidental in the SILH Lagrangian

at the level of dim-6 operators if one restricts to derivative couplings.

A third identity on the tree-level couplings follows cwr = Cy
after imposing custodial symmetry (so that ¢z =0):
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2 identities hold if the Higgs is a doublet

Cww — Czz Cos2Oy = Cz~ SN 20y + Cyqy sinZfy,

CZo~

Cwow — Czoz COS2Oy = sin 20y

They follow from , Which is accidental in the SILH Lagrangian
at the level of dim-6 operators if one restricts to derivative couplings.

A third identity on the tree-level couplings follows

. . . _ Cw = €z
after imposing custodial symmetry (so that ¢z =0):

All three identities are special cases of a more <Dy

general relation among form factors implied by h
custodial invariance:

x\pQ

v v v v sin 2(9W U .
I'ww (01, p2) — T (01, p2) cos? Oy = (FFZ"7 (p1,p2) + FZ'”; (pzapl)) 5 + 82 (p1, p2) sin?fy,
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2 identities hold if the Higgs is a doublet

Cww — Czz Cos2Oy = Cz~ SN 20y + Cyqy sinZfy,

c
2 Z 0y
Cwow — Czaz COS Oy =

sin 260w,

They follow from

at the level of dim-6 operators if one restricts to derivative couplings.

, Which is accidental in the SILH Lagrangian

Custodial symmetry can be broken in the SILH Lagrangian at the level of dim-8

operators and the above identities are violated.

— 2 P

CSWW 1csw g
Ex: W (H'We o H) (HI WP o H) | S

mW’U (Y ’mW
- Crz = 8cos®Ow Csww

Czoz = —4csw, , B
- Cz~ = 4sin 20y csww

CZo~y = —4 tan QW CsSW

. 92 _
Cyy = 88in“Ow csww

)a (HTWH)



23

= If the EWSB dynamics has custodial invariance, the non-linear and SILH
Lagrangians give the same predictions for single-Higgs processes

That is:  There is no way to tell if the Higgs is a doublet by looking
at single-Higgs processes alone



= If the EWSB dynamics has custodial invariance, the non-linear and SILH
Lagrangians give the same predictions for single-Higgs processes

That is:  There is no way to tell if the Higgs is a doublet by looking
at single-Higgs processes alone

= Circumstantial evidence that the Higgs boson belongs to a doublet may come
from the value of its couplings if they are all close to their SM value.

(in that case the evidence is for a specific model: the SM)

If deviations from the SM values are found, to tell if the Higgs is part of a
doublet one has to go beyond single-Higgs production
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= If the EWSB dynamics has custodial invariance, the non-linear and SILH
Lagrangians give the same predictions for single-Higgs processes

That is:  There is no way to tell if the Higgs is a doublet by looking
at single-Higgs processes alone

= Circumstantial evidence that the Higgs boson belongs to a doublet may come
from the value of its couplings if they are all close to their SM value.

(in that case the evidence is for a specific model: the SM)

If deviations from the SM values are found, to tell if the Higgs is part of a
doublet one has to go beyond single-Higgs production

" Large deviations from SM couplings do not necessarily disprove a Higgs
doublet (e.g. non-linearities can be large)

In that case the SILH Lagrangian cannot be used: higher order terms must be resummed

23
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Implementing the Effective Lagrangian: eHDECAY

eHDECAY fully implements the SILH and non-linear Lagrangians (plus two
benchmark CH models) for the calculation of Higgs decay rates and BRs

Software based on HDECAY v5.10; Freely available at the web page:
http: / /www-itp.particle.uni-karlsruhe.de /~maggie /eHDECAY

Perturbative expansion in the parameters agy;/4m, (E/M)?, (v/f)?
performed consistently

Ex: 1-loop EW corrections included only for the SILH Lagrangian

Numerical approximate formulas for the decay rates are given in the paper


http://www-itp.particle.uni-karlsruhe.de/~maggie/eHDECAY/
http://www-itp.particle.uni-karlsruhe.de/~maggie/eHDECAY/
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D)

L(Yi)su

L(h — WHEW)

T'(h — WEOW*)gu

L'(h — Z5)Z*)

['(h — Z7)

F(h — Z/Y)SM

L(h =)

F(h — ’Y’Y)SM

I'(h — gg)

F(h — QQ)SM

07%)

21—5H—25¢,

+ 3.0 (EHW + tan29W 5HB> —0.26 Cy

+4.2cw + 0.19 (EHW —Ccgp + 85,7 Sin2(9w>

+5.04¢ — 0.54¢,

_ V2Grmyy,

v

47

aem

~1—cyg+22cw +3.7cgw,

~1—¢g + 2.0 (cw + tan’Oyy ¢p)

Y

~1—¢g+0.12¢ —5-107%¢. —0.003¢, —9-107° ¢,

41
AV Q20em, 7

~]1 —cyg +0.54¢; — 0.003 ¢, — 0.007 ¢ — 0.007 ¢

47

~1—cyg —212¢,+0.024¢c. +0.1¢, +22.2¢, — .

0%)
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= Basis of SILH effective Lagrangian is the most convenient one to
determine the nature of the Higgs boson
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Conclusions /Discussion
=

= Basis of SILH effective Lagrangian is the most convenient one to
determine the nature of the Higgs boson

" Probe of the Higgs interaction strength comes from:

i) deviations of tree-level couplings; ii) h—Zy

= Difficult but potentially interesting: study of angular distributions of
daughter fermions in h—=2Z WW

= Single-Higgs processes alone cannot test if the Higgs belongs to a
doublet: double-Higgs processes required

26



- EXTRA SLIDES



A(h — ZZ) — 'U_lelfeg (alm%{ Nuv + a2 9,4y + a3 ewpaq{)qg)

2 2 2
my q1-q2 p1 + D32
a; = Cz Q_CZZ 5 — tZoZ 9 D)
h h h
a2 = —Czz
a3 = —Czy CMS Preliminary ls=7TeV,L=5.1fb% (s =8TeV, L =19.6 fb'
_I T I I | I I I | I I I | I I I | I I I | |
i= - .
< 1 O __ ........................ ............................. ............................ __
N E : : : |
U2 B — CMS Data |
Cz ~ F gl ----Expected
my
CzZ0Z ™~ T o
M?2
my




