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Overview

Chapter 1: Introduction and electroweak symmetry breaking
=]
Interactions of the Higgs boson with 8
- gauge bosons >
Chapter 2: _ fermions <
- another Higgs boson
o
Phenomenology of the Higgs at colliders (LHC) 8
Chapter 4: —" 3
=

Goal: Introduce the basics of the Standard Model Higgs boson (theory + pheno)
Please interrupt to ask questions! We do not have to go through all slides! :)

You can also contact me per email: sgoriQucsc.edu
S.Gori
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First: what is the Standard Model (SM)?

The SM is
» a remarkably successful description of nature

» a Quantum Field Theory

» based on symmetry principles

* ~minimal

* a model with an enormous predictive power
But we do not understand why it works so well. . .
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First: what is the Standard Model (SM)?

The SM is

» a remarkably successful description of nature X

» a Quantum Field Theory

» based on symmetry principles

* ~minimal

* a model with an enormous predictive power
But we do not understand why it works so well. . .
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Discoveries!
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Discoveries!

year
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Muon i E = experiment
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The Higgs discovery

The first elementary particle discovery of 21st century
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Fundamental principles of the SM

We write down a Lagrangian based on

» minimality: only observed and/or unavoidable objects

* unitarity

» renormalizability: finite predictions for the physical observables
% symmetries

Symmetries:
% Lorentz symmetry

» Gauge symmetries: SU(3) x SU(2) x U(1)y

»= we do not impose global symmetries. They are "accidental”: e.g.

v SU(3)” flavor symmetry broken by the Higgs interactions with fermions
v Lepton and baryon number
v ..

S.Gori



Free parameters of the SM Lagrangian

I: ~ 1/t i
HLURBY + Nl
Yo+t
Dol -V
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Free parameters of the SM Lagrangian

I =S 1/4F,qu)

g +] -4
L TuF
*‘D,ﬂblz—\ B
LYY + n.t

u V

- Describes the gauge
interactions of
quarks and leptons

- Parametrized by
3 gauge couplings
9,9, 9,

- Stable with respect to
guantum corrections

- Highly symmetric

Gauge sector
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Free parameters of the SM Lagrangian

I &~ 1/4F,uv:Fl

+ OB Y +] 1 4 >l -
e [+t 4 |Dﬂ@ ‘* c \/(CD)
” LY + .0
- Describes the gauge - Breaks electro-weak
interactions of symmetry and
quarks and leptons gives mass to the
- Parametrized by Wand Z bosons
3 gauge couplings - 2 free parameters:
9,9, 9, Higgs mass
, Higgs vev
- Stable with respect to _
quantum corrections - Not stable with respect
, , to quantum corrections
- Highly symmetric
Gauge sector Higgs sector
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Free parameters of the SM Lagrangian

- - YFuF "

+ LUBY + 1.6 1 /t\" = - )
e /P Rpel Vel FuyweHi
” LY + .0 T |
- Describes the gauge - Breaks electro-weak - Leads to masses and
interactions of symmetry and mixings of the
quarks and leptons gives mass to the quarks and leptons

W and Z bosons

- Parametrized by - 10+10 free parameters
3 gauge couplings - 2 free parameters: in the quark+lepton
9,9, 9, Higgs mass sector (12 in the lepton
. Higgs vev sector in case of
- Stable with respect to _ Majorana masses)
quantum corrections - Not stable with respeCt
, , to quantum corrections :
- Highly symmetric - Stable with respect to
guantum corrections
Gauge sector Higgs sector Flavor sector
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Free parameters of the SM Lagrangian

- - YFuF "

HPBY +he 1 v ~ =
sy CRE Aol VE ey e
” LY + .0 T |
- Describes the gauge - Breaks electro-weak - Leads to masses and
interactions of symmetry and mixings of the
quarks and leptons gives mass to the quarks and leptons

W and Z bosons

- Parametrized by - 10+10 free parameters
3 gauge couplings - 2 free parameters: in the quark+lepton
9, 9,9, Higgs mass sector (12 in the lepton
Higgs vev sector in case of

- Stable with respect to _ Majorana masses)
quantum corrections - Not stable with respect

, , to quantum corrections :
- Highly symmetric - Stable with respect to

guantum corrections
Higgs sector (1) _ Flavor sector  (3)

(2) Gauge sector
\ //V

The Higgs couples to ~everything!
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(1)

Higess  Breaking a U(1) gauge symmetry

sector

Let's take a U(1) gauge symmetry with A the associated gauge boson.

Let's add a complex scalar, ¢, with charge -e

How to write the Lagrangian for the scalar?

S.Gori

¢ = a(x) + 1b(x)




(1)

Higess  Breaking a U(1) gauge symmetry

sector

Let's take a U(1) gauge symmetry with A the associated gauge boson.

Let's add a complex scalar, ¢, with charge -e ¢ = a(xz) + ib(x)

How to write the Lagrangian for the scalar?

1 Massl
—_ 1% 2 assiess
L= 4F’WF + Dpd|” — V(o) gauge boson, A

D, = 8,—ieA,, F, =09,A,—98,A,
V(o) = p’lol* + A (l¢°)?
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(1)

Higess  Breaking a U(1) gauge symmetry

sector

Let's take a U(1) gauge symmetry with A the associated gauge boson.

Let's add a complex scalar, ¢, with charge -e ¢ = a(xz) + ib(x)

How to write the Lagrangian for the scalar?

1 Massl
—_ 1% 2 assiess
L= 4FWF + Dpd|” — V(o) gauge boson, A

D, = o0,—weA,, F, =0,A, —0,A,
V(o) = p’|o]* + X (|6]*)
The Lagrangian is is invariant under the gauge
U(1) transformations:
A (x) = A, (x)—0.n(x),
Pp(x) — e ()

S.Gori



(1)

Higess  Breaking a U(1) gauge symmetry

sector

Let's take a U(1) gauge symmetry with A the associated gauge boson.
Let's add a complex scalar, ¢, with charge -e b = a(z) + ib(z)

How to write the Lagrangian for the scalar?

1 M | a 2 _
. Jw > assless IF 2 <0 -
o 4F’“’F + Dpd|” — V(o) gauge boson, A |

D, = 8,—ieA,, F,, =38,A,—d,A, v
V(g) = wlol* + A (|o]°)°

The Lagrangian is is invariant under the gauge .
U(1) transformations: Im (¢)

Au(z) — Au(z) — dun(x), Re(@) |
¢(CB) o e_ie’l(il?,)qb(w) ” - e v

Vacuum breaks
the U(1) symmetry!
S.Gori 9

v=vacuum expectation value (VEV)



(1)

Higgss  The mass of the U(1) gauge boson

sector

We can rewrite the complex scalar field as:

N - X and h are the 2 degrees of
b = a(x) + ib(z) = _ei;‘;(,v + h) freedom of the complex Higgs field
V2 * h has minimum at 0

S.Gori
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(1)

Higgs  The mass of the U(1) gauge boson

sector

We can rewrite the complex scalar field as:

1 - x and h are the 2 degrees of
b = a(x) + ib(z) = _ei;‘;(v + h) freedom of the complex Higgs field

V2

* h has minimum at O

Using these two real scalar fields, the Lagrangian becomes:

- )a

1
L = — FuF"+

1
+ 5(‘9MX8"‘X + (h, x interactions)

S.Gori

1
S ANA, = ev AL DX + D (9,hd"h + 2 )

A gets a mass = ev

The Higgs, h,
has a mass? = -22

Massless scalar field, x
(Goldstone Boson)

10



(1)

Higgs  The mass of the U(1) gauge boson

sector

We can rewrite the complex scalar field as:

N - X and h are the 2 degrees of
b = a(x) + ib(z) = _ei%(v + h) freedom of the complex Higgs field
V2 * h has minimum at 0

Using these two real scalar fields, the Lagrangian becomes:

o I

1
—  _ Qv
L = — FuF"+—

dd

1
AV A, — ev AL O X + 2 (8,h0"h + 2417 h?)

1 : :
4 53#X8”X + (h, x interactions) A gets a mass = ev

The Higgs, h,

x field disappears from the Lagrangian has a mass2 = -22

if we “fix the gauge”: _
1 Massless scalar field, x
A:L =A, — Eapx (unitary gauge) (Goldstone Boson)

“X is eaten by the gauge field, A”
S.Gori



(1)

Higgs
sector

The mass of the U(1) gauge boson

We can rewrite the complex scalar field as:

- x and h are the 2 degrees of

¢ = a(z) + ib(x) = iei%(v + h) freedom of the complex Higgs field
V2 » h has minimum at 0
Using th _ Summary
Spontaneous breaking of a gauge symmetry by a
L — non-zero VEV of a scalar field results in the )
disappearance of a Goldstone boson and its
transformation into the longitudinal component of a ]
massive gauge boson T
X field di Consequence: Physical Higgs particle 22
if we “fi _
1 Viassless scalar field, x
A=A, — 58#)( (unitary gauge) (Goldstone Boson)
“x is eaten by the gauge field, A”
S.Gori
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1
Sigg)s EWSB in the SM

sector

Gauge symmetry & particle content: Electroweak symmetry breaking (EWSB)
SU(3) x SU(2) x U(1)vy | SU(2) x U(1)y — U(1)em

e G : | |
- Suﬁgﬁeg?fffﬁg “Extended version” of the breaking of

- SU(2): Wiy, i=1,2,3 the abelian U(1) symmetry seen before

- U(1) Bu
e Gauge couplings: gs, g, 9

* Complex SU(2) Higgs doublet : n
(with hypercharge 1/2): ® po | 2T ¢
@3 + 14 ¢°

S.Gori 11



1
Sigg)s EWSB in the SM

sector

Gauge symmetry & particle content: Electroweak symmetry breaking (EWSB)
SU(3) x SU(2) x U(1)vy | SU(2) x U(1)y — U(1)em

:s%?g)g;’ee?f?:ﬂ?js “Extended version” of the breaking of

- SU(2): Wiy, i=1,2,3 the abelian U(1) symmetry seen before

- U(1) Bu
e Gauge couplings: gs, g, 9

* Complex SU(2) Higgs doublet : n
(with hypercharge 1/2): ® po | 2T ¢
@3 + 14 ¢°

Note: SU(3) is not broken!

The scalar potential allowed by the gauge symmetry: (the Higgs field is not

V(®) = p’®'® + \(PTP)? charged under SU(3))
If ©* < 0, then spontaneous Possible (®) = 1[0
symmetry breaking minimum: V2 \ o] -

Choice of minimum breaks gauge symmetry
S.Gori 11



(1)

Higgs Higgs potential & Higgs mass, self interactions

sector
We can rewrite the complex $ — eivis 0 h, w;
SU(2) doublet scalar field as: / h4v real scalars
V2
generators of SU(2)

(Pauli matrices)

S.Gori



(1)

Higgs Higgs potential & Higgs mass, self interactions

sector
We can rewrite the complex H — eiai% 0 h, w;
SU(2) doublet scalar field as: / h+v real scalars
V2
generators of SU(2)

(Pauli matrices)

The scalar potential becomes:
V(®) = p?®'d 4+ A\(®TP)?

‘ Higgs mass
‘ m; / m2 m; Disappearance of
N V(h, w;) = —h? L

szT w; fields (Goldstones)
2 —4“ Higgs self-interactions
In terms of the YT Ty
initial parameters: mi — —2u

S.Gori



The Higgs mass in the Standard Model

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

*
John Ellis, Mary K. Gaillard ) and D.,V. Nanopoulos +)

CERN «- Geneva
Nucl. Phys. B 106, 292 (1976)

We should perhaps finish with an apology and a caution. We

apologize to experimentalists for having no idea wh
2)94

Higegs bosoun, unlike the case with charm and for not being sure of

its couplings to other particles, except that they are probably all very
small, For these reasons we do not want to encourage biE experimental

searches for the Higgs boson, but we do feel that people performing expe-

riments vulnerable to the Higgs boson should know how it may turn up.

- '€' We need to measure the Higgs mass!
) LHC: mh=125 GeV

S.Gori

13



(1)

Higgs Vacuum stability

sector

Once we fix the two free parameters of the Higgs potential,
we can compute the running of the quartic coupling, A,

as a function of the energy scale
V(®) = p?d'® + \(2TP)?

Buttazzo et al, 1307.3536

0.10

30 bands in
M, =173.3 £ 0.8 GeV (gray)
az(M;) =0.1184 £ 0.0007(red)
M, = 125.1 £0.2 GeV (blue)

0.08

0.06 -

0.04

002

0.00 -

@ quartic coupling A

—002- S ai(May=01

-~

_004; | ] | | | | |
102 10* 10° 10% 10 10'2 10" 10' 108 10%
RGE scale u in GeV

T — T
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(1)

Higgs Vacuum stability

sector

Once we fix the two free parameters of the Higgs potential,
we can compute the running of the quartic coupling, A,

as a function of the energy scale
V(®) = p2dTd + \(PTP)?

Buttazzo et al, 1307.3536

R e e ] We are here.

_ 6 81
200 | Cability o Is this a coincidence?

A Trans-Planckian
Higgs field value

SN
B ARL

Our Universe
as we see now

150 -

100 1 -

Top pole mass M, in GeV
Ananeqiniod—uoN

50

Stability condition:
M; > (129.6 = 1.5) GeV

Higgs pole mass M), in GeV

S.Gori Assuming no New Physics
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2
G(g) The (Higgs) gauge sector of the SM

sector
SU(2)  U()y
cevee — (D&Y DI, D, =8, — i%aiw;; - i%BM

We can write this explicitly at the minimum of the Higgs potential:
2

(D, ®)'D"® — — (g*(Wh)? + g*(W2)? + (—gW} + g'B,)?) + -+

Charged gauge Neutral gauge 1 [0
(@) = —
boson masses boson masses V2 \ »

S.Gori 15



(2)

cauge The (Higgs) gauge sector of the SM

sector
SU(2) U(1)y

c=vee — (D, &) D*®, D, =8, — i%aiW; - i%B,,,

We can write this explicitly at the minimum of the Higgs potential:
2

(D,®)'D"® — — (g*(Wh)? + g*(W2)? + (—gW} +9'B,)?) +---

Charged gauge Neutral gauge 1 [0
(@) = —=
boson masses boson masses V2 \ »
We can diagonalize the system and find:
Eigenstates: Eigenvalues:
wt = VuFW, gv
[T \/5 m,, = ?
_ gW?—g'B, v
Zu = g;—l— (g')? m. = \/92 + (g')2§
AH — ngS +gBM mA p— 0
9>+ (g9')° :
Masses vanish

when v=0 15




2
G(g) The (Higgs) gauge sector of the SM

sector
sU@2) Uy
c=vee — (D, &) Dr®, D, =8, — i%aiW; - i%B

n

We can write this explicitly at the minimum of the Higgs potential:
2

(D,®)'D"® — — (g*(Wh)? + g*(W2)? + (—gW} +9'B,)?) +---

Charged gauge Neutral gauge () — 1 [0
boson masses boson masses V2
We can diagonalize the system and find: Let's define the Weinberg angle
: g’
Eigenstates: Eigenvalues: sin 0 =
o 7 Va® + (9
Wt = W, T W, gvu
L V2 My = ? Z, = —sin6B, + cos 0W3
. QW::’ —g'B,, () A, = cosfB, +sinOW?3
Z, = (9 m, — \/92 + (gl)2§ p p p
A, = Q'WE + gB, my = 0 My = manLOS 0
g%+ (9')? p = ~— =1 (tree level)
Masses vanish m cos 6

S.Gori when v=0 Custodial symmetry 15




Recap on the SM EWSB

The Higgs mechanism generates the mass of W, Z

- Higgs VEV breaks SU(2) x U(1)y

- U(1)em is left unbroken (the photon is massless)

- Single Higgs SU(2) doublet is the minimal model to achieve this breaking pattern

S.Gori 16



Recap on the SM EWSB

The Higgs mechanism generates the mass of W, Z

- Higgs VEV breaks SU(2) x U(1)y

- U(1)em is left unbroken (the photon is massless)

- Single Higgs SU(2) doublet is the minimal model to achieve this breaking pattern

Before spontaneous symmetry breaking:

Massless:

- Wi (i=1,2,3): 6 degrees of freedom

- B: 2 degree of freedom

- Complex ® doublet: 4 degrees of freedom

+2+4 = 2+6+3+1
After spontaneous symmetry breaking: 6 6+3

Massless:
- A (photon): 2 degree of freedom

Massive:

- Wt: 6 degrees of freedom

- Z: 3 degrees of freedom

- Real scalar (Higgs): 1 degree of freedom

S.Gori 16




(2) .
cause Higgs-gauge boson couplings
sU@) Uy
cevee — (D&Y DI, D, =8, — i%aiWIi - i%BM

Now we can insert the & — ( 0 )

physical Higgs boson: e

S.Gori
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(2) .
cause Higgs-gauge boson couplings
sU@) Uy
cevee — (D&Y DI, D, =8, — i%aiW; - z‘%BM

Now we can insert the & — ( 0 )

physical Higgs boson: hto

Couplings are
v pling

proportional

2 2 2 to the mass

g _ gv _ g _
(1) £2 (v + R WIWET — = —hWIWE 4 = hhW W

W W h
A 2v 777,2, 2 m?2
= IY _9;Mu = o= 9w
2 v 4 v2

h WA h

2 2 2 2 2 2
(2) c>? Jgg (0 + )22, 20 — Y +4g )%z, zm+ 919

h,h,Z”Z“
v4 Z h
y4 2 2 2 2 ”2 2
= i(g +9 )vzz — 9= = ;7 t9 o191 — 9=
4 v 8 v2
h 7 h
S.Gori
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(2)

Gauge A predictive model

sector

Four free parameters in gauge-Higgs sector (g, g’, 4, A)

Conventionally chosen to be
° Q

e Gr (Fermi constant)

e Mz

e MV

All observables can be expressed
in terms of these parameters

S.Gori
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(2)

Gauge A predictive model

sector

Four free parameters in gauge-Higgs sector (g, g’, 4, A)

Conventionally chosen to be
° Q

e Gr (Fermi constant)
e Mz

e MV

All observables can be expressed
in terms of these parameters

Examples:

1. W mass

Gr g T

V2o 8mi o a(1-2h)m2

m2

2. Z coupling to leptons

g
cos 0

1 _
(—5 + sin? 9) Z, byl =

dwoc mo (1 (my\?\ o Many observables
- Z/,L£L7 EL
i m, have been measured!

7712

S.Gori 18



(2)

Gauge A predictive model

sector

Four free parameters in gauge-Higgs sector (g, g’, 4, A)

Conventionally chosen to be

°
* Gr (Fermi constant) In fact, we had hints for the value of
e Mz the Higgs mass before the Higgs discovery!
.Mh N /AL
:é’ """""""""""" e —i 3o
All observables can be expressed : E
in terms of these parameters E E
Examples: Yy A :2
1' W mass Theory uncertainty _g
Gr_ 9 ___ mo 7 Fiescuing ooy erors |
V2 8m} 2(1—m3;)m2 ]
mz w 150 200 250
2. Z Coupllng to Ieptons Flaecher et al., 0811.0009 M, [GeV]
2
g‘9 (_% + sin? 0) 2Bty = 4«22 m. (% B (mw> )Z“ZL,Y,%L Many observables
cos 1= 7% M ms have been measured!

S.Gori 18



(2)

sage 1h€ Need for a Higgs: unitarity

sector (beyond mass generation)
In our theory of weak interactions, if we do not have P\//
a Higgs, the scattering of two longitudinal W bosons: \/NW

J L\W
2y ) //\
21y
W Wi Wi Wy
W, w,

2
wgwwg MBS — —i4g u+ O((E/mw)°)
- ™m

2
w

WW scattering will essentially grow
with energy until violating unitarity at
the ~TeV scale

We expect some new dynamics
should show up at TeV scale

S.Gori 19



(2)

sage 1h€ Need for a Higgs: unitarity

sector (beyond mass generation)
In our theory of weak interactions, if we do not have pv
a Higgs, the scattering of two longitudinal W bosons: \mww
)
w7y
=~ LALW

zy H M p//\
Wi W, Wi W
W, W,
T, ;
w; wi iMEAIEE — —z’4 u + (’)((E/mw)o)
- m

2
w

WW scattering will essentially grow
with energy until violating unitarity at
the ~TeV scale

We expect some new dynamics
should show up at TeV scale

The leading term cancels introducing the SM Higgs @

S.Gori 19



(3)

rermion (G@nNeration of fermion masses

sector

Fermion representations under SU(3) x SU(2) x U(1)y:

QL = ( “r ) = (3,2,1/6), up = (3,1,2/3), d = (3,1, -1/3)
dz

(i=1,2,3 = flavor index)

Li = ( V_L ) =(1,2,—1/2), e, = (1,1, —1)
ez

L

What Yukawa interaction can | write down that is invariant under
the SM gauge symmetry? Reminder: ®=(1,2,1/2)

S.Gori 20



(3)

rermion (G@nNeration of fermion masses

sector

Fermion representations under SU(3) x SU(2) x U(1)y:

Q, = (ZiL ) (3,2,1/6), u’, = (3,1,2/3), di, = (3,1,—1/3)

y (i=1,2,3 = flavor index)
L} = ( .L) (1,2,-1/2), e = (1,1, -1)

What Yukawa interaction can | write down that is invariant under
the SM gauge symmetry? Reminder: ®=(1,2,1/2)

QY d®+ QLY ul,d + LY el ® + h.c.

(i’ = ( 0 1 ) b*
After EWSB\ yid v _ -1 0
(at the minimum): dz D .

\/— (similar for the other
(@) = 1 ( 0 ) down-quark quarks and leptons)
V2 \ v mass term, Mg

Without the Higgs field no fermion mass term would be allowed in the Lagrangian

S.Gori 20



(3)

FermionCKIM matrix and Higgs-quark interactions

sector
di M dd, + @i M,
In the quark sector, four rotation matrices are needed to diagonalize the system:
eigenvalues: M}’iag — UfLMfU}R (f = u,d)

mass mass

eigenstates: f;. =U}JLij, Ri :U}%ij

Mass matrices diagonalized by different transformations for u. and d,
which are part of the same SU(2) doublet, Q.

“ri ) _wty. uTLJ' CKM (unitary) matrix
dp; (UurUqgp)jnd ™

S.Gori
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(3)

FermionCKIM matrix and Higgs-quark interactions

sector

7i 1j 37 —1 1j,.J
di MEdi, + at M,

In the quark sector, four rotation matrices are needed to diagonalize the system:

eigenvalues: M}“ag = UfLMfU}R (f = u,d)

mass

eigenstates:  f* = U frjs fri = UfrSr;

Mass matrices diagonalized by different transformations for u. and d,

which are part of the same SU(2) doublet, Q.

e = (Ul,); gz CKM (unitary) matrix
sz (UULUdL)JkdrnaSS

The physical Higgs boson couples to fermion mass eigenstates:

QY d.® + Q.Y ul,d + LY, el,® + h.c. (1)_( 0 )
h+v
V2

= (M) (M) . (M%)
L.'dj:( 2 )"d%h,-i—ﬂ’L( = )'u‘;{h+e;( = )"e;th,
v v

_ v
S.Gori

Couplings are
proportional
to the mass

flavor diagonal
interactions!
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(3)

Fermion
sector

V)

mass (e

The SM flavor puzzle

% I s * Why such large hierarchies?

af Does the Higgs couple so hierarchically
sE oy to quarks and leptons?

S.Gori
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(3)

rermion Flavor changlng neutral currents

sector
auge 7 1, 'g’
L7 D fy*D,fi, D,=9, — 220' W — ZEB“

dlagonal ."~..........-‘-"“‘. dL
) g _
in flavor space %_’ _E( iy ¢ tp VYW Ve | sy | +he.

ey S
Q@nSfafes non-diagonal \ by

in flavor space

Not to get confused:

this mixing originates only from the Higgs sector:
Vekw — 0O if we switch-off the Yukawa interactions
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(3)

rermion Flavor changlng neutral currents

sector
gl
L:;’Za“ge D f.,-ry D,fi, D,=09,— zza’Wz i iEB“
dlagonal ."~..........-‘-"“‘ dL
. g B
in flavor space o _E( iy, & i ).YMW:VCKM sy | + h.c.
N

non-diagonal br
in flavor space

Not to get confused:

this mixing originates only from the Higgs sector:
Vekm — 0 if we switch-off the Yukawa interactions

Exercise: prove that neutral y, Z and g currents stay
flavor universal, since they do not mix the chiralities

(Note for the experts:

At one loop, neutral flavor transitions are No flavor changing neutral currents
generated. However they are Ioop+GIM (FCNCs) at tree level in the SM
suppressed.) N 2

S.Gori d w* s 23



Recap on Higgs couplings

 Higgs couples to fermion mass: We do not know if

my - my = = the Higgs couples to neutrinos:
LD ——ffh=——"(fufn+ fafr)h "°TF PO
v v LiYYN.L®
Largest coupling is to heaviest fermion )
Is the top quark special?

* Higgs couples to gauge boson mass:
m?
w

L O 2_WM+W—h+ EZ“Z“h-I- c o
v K v “\

SUERT 2 Higgs - 2 gauge boson interactions
Only free parameter is Higgs mass! 995 - < galg

S.Gori 24



Recap on Higgs couplings

» Higgs couples to fermion mass:

Lo —?ffh = —?(foR + Frfi)h

Largest coupling is to heaviest fermion
Is the top quark special?

We do not know if

* Higgs couples to gauge boson mass:
2

i W“+W h+ ’Z“Zuh+---

(% v

£D2

\

Only free parameter is Higgs mass!

2 Higgs - 2 gauge boson interactions

S.Gori

> Y T vy vy 3

3 3500 F ATLAS 4+ Da=m _f

2 3000E SigeBhg Fa (7 1265 Gov) 3

3 = Bl (41h ordder polynomial 3

2 2800E" E

2000 =

‘50(3;* fE=7 o, [Lit=4 b1 “;

‘°°c_ &=t s, fLit=5810" @ "“‘:

2 @ d
P 2 200

® [

100
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= lﬁ 100
-200
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the Higgs couples to neutrinos:

.
i@
»
I
.
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Recap on Higgs couplings

 Higgs couples to fermion mass: We do not know if

my ~ my = = the Higgs couples to neutrinos:
LD ——=ffh=——"(ffrn+ fafr)h 7550 O
v v LYY N,®
Largest coupling is to heaviest fermion .
Is the top quark special?

* Higgs couples to gauge boson mass

o2 “W“+W h+—~Z“Z h 4+ -
v v XN

SUERT 2 Higgs - 2 gauge boson interactions
Only free parameter is Higgs mass! 995 - < galg

ATLAS 4+ o= 3
SigeBkg Fit (7 =1265 GoV) 3
Bhg (41h order polyromial 3

Evenits / 2 GaV

- . . n r “w
3B 2 82EEEE
!”lll 14 IIVIIII l'"l‘ll LLLAL T

This is only for tree-level couplings...
tomorrow we will discuss
loop-induced couplings &

Higgs phenomenology

Events - Bkg
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