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From an obscure term in an equation to John Elis
a headline discovery — and beyond King s College London
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Programme of Lectures

 Motivations and introduction
 \What we know now

e The future?

— Supersymmetric Higgses
— Higgs factories




The Standard Model |

= Cosmic DNA

The matter particles

Q € - neutrino @ electon

@ LL - neutrin O r luon
@‘t neutrino O tau

Where does
NESS
come from’?

Gravitation electromagnetism  weak nuclear force strong nuclear force




Open Questions within & beyond
the Standard Model

- » What Is the origin of particle masses?

due to a Higgs boson? "
» Why so many types of matter particles? —Z§°
» What is the dark matter in the Universe? _Zg
» Unification of fundamental forces? o

» Quantum theory of gravity?




To Higgs or not to Higgs?

* Need to discriminate between different types
of particles:
— Some have masses, some do not
— Masses of different particles are different

 In mathematical jargon, symmetry must be
broken: how?
— Break symmetry in equations?
— Or In solutions to symmetric equations?

 This iIs the route proposed by Higgs
— Is there another way?

T L




Where to Break the Symmetry?

Throughout all space?

— Route proposed by Higgs et al.

— Universal Higgs field breaks symmetry
Or at the edge of space?

— Break symmetry at the boundary?
Not possible in 3-dimensional space
— No boundaries

— Postulate extra dimensions of space

Different particles behave differently in the
extra dimension(s)

_;l.l .



When 1n trouble, Theorists ...

... postulate a new particle:

QM and Special Relativity:
Nuclear spectra:

Continuous spectrum in 3 decay:
Nucleon-nucleon interactions:

Absence of lepton number violation:

Flavour SU(3):
Flavour SU(3):
FCNC:

CP violation:
Strong dynamics:
Weak interactions:

Renormalizability:

— Dark matter:

Antimatter
Neutron
Neutrino

Pion

Second neutrino
O-

Quarks

Charm

Third generation
Gluons

w=, 70

H
WIMP/axion?




Completing the Holy Trinity

 Scale hierarchy possible only in theory that can be
calculated over many magnitudes of energy .

Renormalizable
* Theorem: (1) vectors (2) fermions (3) scalars
° Need to Specify- Cornwall, Levin & Tiktopoulos;

Bell; Llewellyn-Smith
(1) group (2) representations (3) symmetry breaklng :
(1) =SU(@3) x SU(2) X U(1) [so far]

| (2) = Singlets + doublets + triplets
+ Finally: Nl 4
' (3) Ascalar mechanlsm of symmetry breaklng o & 51|

L n——



Standard Model Particles:
Years from Proposal to Discovery

Electron i |

Photon i |

Muon l

Electron neutrino | |
Muon neutrino | |
Down
Strange
Up
Charm
Tau

gottom

Gluon

W boson |

Z boson |

Top I
Tau neutrino |

HIGGS BOSOMN

Source: I'he Economist




Summary of the Standard Model

« Particles and SU(3) X SU(2) X U(1) guantum numbers:

L
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(2), (2),

€r s Mr s Tr
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uR , Cr , iR
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(3,1,+4/3)
(3,1,-2/3)

 Lagrangian: ,
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gauge interactions

i D+ he Matter fermions
il + hee.  YUkawa interactions
+ |D.of = V() Higgs potential
__ .
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Status of the Standard Model

 Perfect agreement with all confirmed
accelerator data

 Consistency with precision electroweak data
(LEP et al) only if there Is a Higgs boson

« Agreement seems to require a relatively light
Higgs boson weighing < ~ 180 GeV

 Ralses many unanswered questions
mass? flavour? unification?
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Precision Tests of the Standard Model

Lepton couplings
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Pulls in global fit

| Al-}.'l

Measurement Fit — |O™*-0")/o™*

0. 1.2.3
m,[GeV] 91.1875+0.0021 91.1874
T,[GeV]  2.4952+0.0023 24959
o [nb] 4154040037  41.478
R 20.767 £+0.025  20.742
o 0.01714 +£0.00095 0.01643
R, 0.21629 + 0.00066 0.21579
R. 0.1721+0.0030  0.1723
AY° 0.0992+0.0016  0.1038
e 0.0707 +0.0035  0.0742
A, 0.923 +0.020 0.935
A 0.670 +0.027 0.668
A(SLD)  0.1513+0.0021  0.1480
m, [GeV] 8041040032  80.377
Iy[GeV]  2.123+0.067 2.092
m, [GeV/] 1727429 173.3

o 1 2 3




The Standard Model Lagrangian

\ Lsps = Lo + Lo+ L + L,

L = Quin*D;Qr + qriv*D)lqr + Lin* DLy + lgiy* D/lg

1 1 :
L =—-Bu,B" — W, W*| / Experiment: accuracy < %

/]

Ly = (D;¢) (D"¢) — V() No direct evidence
Ly = yaQrdqs + y.Qréqs + yrLrdlr + until July 4, 2012

Dﬁ’ =0, —igW;T* —iYg'B, Df =0, —iYg' B,
V(g) = —p’¢” + A¢*




The (G)AEBHGHKMP’tH Mechanism

BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS* et

F. Englert and R. Brout
Faculté des Sciences, Université Libre de Bruxelles, Bruxelles, Belgium

(Received 26 June 1964)

BROKEN SYMMETRIES, MASSLESS PARTICLES AND GAUGE FIELDS

P.W. HIGGS
Fual fnstitute of Methemalical PLysies . Dnteersily of Edunburph Se oflamd

Received 27 July 1964

PHYSICAL REVIEW LETTEE

e BN = e =
AN -

VOLUMEH,UMBER -’ The Only one
who mentioned a
Peter W. Higgs

Tait Institute of Mathematical Physics, University of Edinburgh, ma.SS|Ve SCaIar boson
(Received 31 August 1964)

BROKEN SYMMETRIES AND THE MASSES OF GA

SPONTANEOUS BREAKDOWN OF STRONG INTERACTION SYMMETRY AND THE
GLOBAL CONSERVATION LAWS AND MASSLESS PARTICLES* ABSENCE OF MASSLESS PARTICLES
G. 8. Guralnik,7 C. R. Hagen,i and T. W. B. Kibble A. A. MIGDALang

Department of Physics, Imperial College, London, England
{Becelved 12 October 1964)

ubmitted to JETP editor November 30, 1965; resubmitted February 16, 1966

The occurrence of massless particles in the presence of spontaneous symmetry breakdown is
discussed. By summing all Feynman diagrams, one obtains for the difference of the mass




The Englert-Brout-Higgs Mechanism

Vacuum expectation value of scalar field
Englert & Brout: June 26" 1964
First Higgs paper: July 27" 1964

Pointed out loophole in argument of Gilbert if
gauge theory described in Coulomb gauge

Accepted by Physics Letters

Second Higgs paper with explicit example sent on |
July 3151964 to Physics Letters, rejected!

Revised version (Aug. 315t 1964) accepted by
PRL
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But the Higgs Boson

Englert &

S

Also

Goldstone in
-4 global case

(a) (b)

FIG. 1. Broken-symmetry diagram leading to a
mass for the gauge field. Short-dashed line, {g,);
| long-dashed line, @, propagator; wavy line, 4 prﬁpa— i

. gator, {aj—-{an}":g - (@0t (b= —(2mtiet(q q‘_,fq ) .

| x(gy)2,

-v-vx::*--— - —-‘(::u-\..- |

»

o

Guralnik, Hagen & Kibble

(2a)

(2b)

(2¢)

It is worth noting that an essential feature of
the type of theory which has been described in
this note is the prediction of incomplete multi-
plets of scalar and vector bosons.? It is to be

-

: ' and find

We consider, as oug

was partially solved

bgs 3 resembla ory
0 ur starting point is the Drdlﬂd.]"}'
e miyEmics of massless spin-zero particles,

LhdrstPrlZEd by the Lagrangian
e=-tF""0s A -8 A )+yFME
T Tt By

M L M . H
+i 8 * W +ie g
'r“l “q'? qu p_ Cl'p fq{il “:l

With no loss of generality, we can take n,=0,

where the superscript T denotes the trdnsverse
part. The two degrees of freedom of 'ﬂ*.{- com-
bine w1i_h {,l:rl to fnrm the three components ofa 8

i ot o S o
B i "-""m‘:v



The Higgs Mechanism

Postulated effective nggs potentlal
E'[ — —,I.!' r} @ L )\[” ”] s

Minimum energy at non-zero value:

Re(4)
1 0 [ 2
— ": {] |r|"‘-:|‘| {] ::::' p— —,_ E p— ,'I 1
+v \ A\

Components of nggs field: o) = v+ o@)er
T Massless, 6 Massive: ;.2 — 2% = 2w
Couple to fermions: on-zero masses: i7; = y;

After gauglng My = °

V E




Abelian Higgs Mechanism

 Lagrangian
NP AN L o
L = (DHGJ) (D*t QJ) — V(|o]) — ZF;LL’FF , D,=0,—1e4,
o Gauge transformation ¢'(x) = @ ¢(x) = @) @)y ()
4" (x) =A,(x) + %E)ﬁa(‘z:)
e Choose a(x)=—0(x): ¢'(xr)=n(x)
]

» Rewrite Lagrangian: £ = (9 — icA))n|* = V(y) — < F},, F " |

Q- Y
L= (O —iedl) v+ GH)F = 3F, ™ =V
1

: | -
2 2 4l 5 2 2 772
= ELFM 4 R ALAY - [(0,H) — mhH +

massive A-field, ma ~ ev neutral scalar, mg # 0




Nambu EB, H, GHK and Higgs

Spontaneous symmetry breaking: massless Nambu-

Goldstone boson ‘eaten’ by massless gauge boson =

i ~ Accompanied by massive particle

MR T




Masses for SM Gauge Bosons

 Kinetic terms for SU(2) and U(1) gauge bosons:
r—_2gi g _Llp pe
4 e -_L i

Where G, = Wi -8, [{; +igejn [.{_rf-i' wk F,, =d,W. -4, I.’[_r;

 Kinetic term for Higgs field:
L,=—|D,d]* D,=08,—igo;, W.~igd Y B,

« Expanding around vacuum: s =< ojgo > +¢

L]

. . 1
— B, B" +g¢ gft*‘z B, e gE >

=

wE W

gW3 +gB,
Vgt + g

gv 7 — g”f - .':-J"JIB,H,
VP +gR

o omg =0

1
L 3\392 +g%v; A, =




Higgs Boson Couplings




Why a Higgs Boson is Needed

 Trouble with WW scattering: M ~ E?
=> uncontrollable infinities in loop diagrams
WiWp — Wi Wy, Can be Cance”ed by
o T scal ar exchan ge

\ e
\’1 ! - .:'-‘-,\/\ A' ') : _E_ ; fr 1‘ ]
i ")I(_- : F} ! ) -_\I\'" \ ~J Ny, T i e, S -
‘ Mg = :;——f—f——o:;_' + | H
+ *
_ ﬁ2 S

= (}255 +01)  for B oo M = ’VI\_ + Mg

MF, M, M

with HWW couplings Mw—( p i Y
s—Mzg t— Mg
‘| » Similar for fermions

)
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4B A Phenomenological Profile
of the Higgs Boson

|» First attempt at systematic survey

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

John ELLIS, Mary K. GAILLARD * and D.V. NANOPOULOS **
CERN, Geneva

ey MYV LD

= Received 7 November 1975

A discussion is given of the production, decay and observability of the scalar Higgs
boson H expected in gauge theores of the weak and electromagnetic interactions such as
the Wemnberg-Salam model. After reviewing previons experimental limits on the mass of

Se BTN AR

n\'v

We should perhaps finish with an apology and a caution. We apologize to ex-
perimentalists for having no idea what is the mass ot the Higgs boson. unlike the
case with charm [3,4] 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
big experimental searches for the Higgs boson, but we do feel that people performing
experiments vulnerable to the Higgs boson should know how it may turn up.
wm.; ’ "' 25 - % '...ﬁ ~w¢ ST

L,

& A

R
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A Preview of the Higgs Boson @ LHC

Vs (TeV)

l

===] 5 =40 Tev
':':-'-; v =20 TeV

] ;"—_:'] Vs =10 TeV
=}m, =100GeV
==}my =70GeV | ,
==imy =356y Fign | 1000 1200 1400

00200 300 400 500 600 700 800 800 mp; (GeV) - mMH (GeV)




Constraints on Higgs Mass

Electroweak observables sensitive via guantum loop
corrections: Ta

My sin” By = my, cos” By sin” Oy = ——— (1 + Ar)
- \,-“’2(_:;,-

Sensitivity to top, Higgs masses:

Preferred Higgs mass: m, ~ 100 % 30 GeV
Compare with lower limit from direct search at LEP:
m,, > 114 GeV

and exclusion around (160, 170 GeV) at TeVatron

I : ﬂl_{” - Ii'lifil.n-

-
_ '. v’ : X ok .\‘
E - ” iy
: - y g e . 3 0‘ 3
b : . y > . -




Sensitivity to Higgs Mass

'400' e | 800 1000
My [GeV]

» Experimental uncertainty AM,, ~ 15 MeV
» Theoretical uncertainty ~ 4 MeV




Estimating the Mass of the Higgs Boson

e First attem

I rlll I_I'ﬁTl 1III T T

220:IIIIII! T T T TTTIT I T TTTTT T

pts in 1990, 1991

250

29

a1

Py ks

8 [0

o
T T
| | 1 I
m, [GeV]

= = ra u
8 3 a

748 P B v | Y B B B B B

My, (GeV)

1« Easier after the discovery of the top quark

JE, Fogli & Lisi




The State of the Higgs: July 2011

July 2011

Direct search limit from LEP: °]

i 5 _
v Ao =

m,, > 114.4 GeV i el
- o 4 ncl. low Q° data -
Electroweak fit sensitivetom, | |
X 3 -
(Nowm,=173.1 £ 1.3GeV) = _
Best-fit value for Higgs mass: n ‘, i
m.. = 94+29 . GeV Texcluded N /.
_ i 5 o %% 100
95% confidence-level upper limit: M,, [GeV]

m, < 161 GeV
Tevatron exclusion:
m, < 156 GeV or > 177 GeV




2011: Combining Information from
Prevmus Dlrect Searches and Indlrect Data

—— Fit including theory errors
--- Fit excluding theory errors




A la recherche
du

Higgs perdu ...

Higgs Production at the

LHC

o(pp — H+X) [pb]

10°

10

TBOOO

LHC HIGGS K5 WG 2092

DR




gg =»Higgs Production at the LHC

=) = .|
= a 107 :
T T % ZE
= = -]
-1 a 13
|+ [ =

10

- ||||||| de Florian and Grazzini

rlrr

+ Anastasiou, Boughezal Petriello and Stoeckli

:% Anastasiou, Boughezal, Petriello and Stoeckli
|||||||| ||||||||||I||||I|||||||||I||||I||||||||

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
100 15EI 200 250 300 350 400 450 500 550 600 100 4150 200 250 300 350 400 450 500 550 600

M, [GeV] M, [GeV]

e Calculated at Next-to-next-leading order

(NNLO) including leading higher-order logs
(NNLL)

| * Good agreement between theoretical groups |
| » Significant rise from 7 to 14 TeV s




gg -)nggs Production at the LHC

T I T T T T I T = T I T T T T I T T T T E -
=) \J'E:? TEV i g = \Jlg_? TE"U" - g
=t i (=1 i
oy Fixed Order (+EW) NNLO with MsTW | R Resummed (+EW) NNLL with MSTW | %
= T § T g/
T 10F o T10 1o |
a F 3 4 F 13
=" ] =2 T ]
o] i (=]
= - 1=
i i |]]]]]] i, =M,
=
ey T B p=2Mmy
‘P*“r 1 1 11 I 1 1 1 1 I 1 1 1 1 I 11 1 1 1 1 1 1 1 11 1 I 1 1 1 1 I 1 1 1 1 I 1 11 1 I 1 1 1 1 R
-~ 100 200 300 400 500 600 100 200 300 400 500 600 [
| M, [GeV] M, [GeV]

- | Main remaining uncertainties:
| — Choice of renormalization scale
— Choice of gluon parton distribution function




VBF Higgs Production at the LHC

E LI I LI LI LI I LI I LI I LILLILI I LI I - E LI I LI I LI LI I LI I LI I LI I LINLBLIL] I -

g ; = 7 E‘

& 1 NLO OCD + MLO EW 5 T NLO QCD + NLO EW 13
Ig ; MSTW2008 = 7 TaV 3 E: . MSTW2008 = 14 TaV % p—
E B [ g

B B 4 —

107 = N

1{] E;I L1l I 111 | I L 111 I 1111 I 1111 I L1 11 I L 111 I 111 I 111 IF 1D i I 1111 I 111 | I L1 11 I L 111 I 1111 I L1111 I 1111 I 1111 I 1111 I

100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000

M, [GeV] M, [GeV]

» Calculated at NNLO including electroweak
corrections at NLO

| * Good convergence of perturbation expansion |
| Small uncertainties in quark parton dist’ns O

[ a——TT-—"—




Assoclated V+H Production at the LHC

E | | T | I:§92-4:—|| T T B
T NNLOQCD +NLOEW {2 o , oF _ E
N = —\J5=14TeV § = 2.2¢ Ns=7TeV 7
T F E=\E=7Tev 432 o — NNLO/LO ¢ 1)
e 1T == NNLO/LO (+ 20)
1= = 18 -
T - .
= a 1.6 .
g% 1
=y = C 7
> 107F E 14 st ——
o+ —‘,Z " 1_2:__'_'_"“‘-\,--. -
- iF :
::_! _z_ I A [N T T T [T T TN T T T T S I SN N N M ] ﬂ_ﬂ | T T T | —
po— 100 150 200 250 300 1[][) 15{} 200 250 300
,Q M, [GeV] M, [GeV]

. Calculated at NNLO including electroweak
| corrections at NLO

* Good convergence of perturbation expansion

|||I|| L1 1
LHC HIG G5 X5 WG 2070




Assoclated tt+H Production

p=m o+ M2
Js=14 TeV
E\s=7 TeV

\s=7 TeV
u=m + M,/2

-—-- LOOCD CTEDAS

L1l ]
LHC HIB0S X8 Wi 200
L1111 |
LT WIRGRS X5 W S0 ‘

----- MLCHEXGD GTEDRS
-—- LOGED METWeDE |
--— MLOOCD METW2008

—— MLO OG0 NNPDF 20 .

T T R 7068200285300 |
e M, [GeV] M, [GeV] |
- |* Calculated at NLO: uncertainties due to

| — Perturbation expansion

— Choice of parton distributions




Higgs Decay Branching Ratios

» Couplings proportional to mass

b
g

w2z

g

3 000000000CE
t
t H
t
g QUK

w2z

LI LI

. I
200
Higgs mass (GeV)

|
500

 Important couplingst

—(gluon + gluon — Higgs —{ yy

nrough loops:




Higgs Decays
 Estimates of uncertainties in branching ratios
= "Partial width QCD Electroweak Total o
H — bb/cc ~0.1-0.2% ~ 1-2% for My = 135 GeV ~ 1-2%
H— 1t ~ 1-2% for My = 135 GeV ~ 1-2%
H— tt ~ 5% < 2-5Y% for My < 500 GeV ~ 5%
~ 0.1(Myu /1 TeV)* for My > 500 GeV ~ 5-10%
H— pp ~ 10% ~ 1% ~ 10%
H — vy < 1% < 1% ~ 1%
H— WW/ZZ = 4f < 0.5% ~ 0.5% for My < 500 GeV ~ 0.5%
~0.17(Myg /1 TeV)* for My > 500 GeV  ~ 0.5-15%
= 10%g ' A |
QCD @ NNNLO 7. =
° 10 ¥
|« EW @ NLO ——
- |» Total decay rate A, .
i 107 E/ 3 N
2 -~ 4_2 Mev for 126 Gev 100 200 300 500 1000 ‘ e
- M, [GeV]
:.J;. el S TR b o3 IR e ﬁ&




nggsdependence Day!




From Discovery to Measurement

* Mass measurements: | [ams rame

1265 GeY Combined CMS Preliminary m, = 125.7 GeV
WZH— p-oBIEOIL| p o= 0.65
Ns=7T lmu;.“:‘ [ .
N5 =8 TeV: |Ldt-13fb H :
- ; H— bb :
I Hote i W=115+062 -

Na =T TeV: |Ldi- a8 P H
=1 \s:elu‘.'.]L::\_:‘,Hl.' H
" — " H— WW'' S vl Hos 1o :

Ne-8TeV: [Lat- 130 . 1=1.10%0.41 =
H— vy
- e e e LA —
» Signal strengths ~SM | - -
vs=7ToV: |Ldt= 268 H :
vs=8TeV: |Ldt= 207 1b H :
| —i
Combined n=143+0.21
s-7TeV: lLdi-46- 481 .- :

- T
I I I l 0 + | . P
In Illall C a e S . 0 0.5 1 15 2 25
Signal strength (u) Best fit 6/Ggy,

 Frontiers:
— VBF significance 2c 1n several channels, 36 combined
— Decay to 1t emerging, limits on tt (ut, €1)
— Decay to bbbar emerging (CMS, Tevatron)

— Indirect evidence for tthar coupling
(search for ttbar + H/'W, Zy)




Higgs Mass Measurements

— Y = T | migm—
S i

T L

CMSF’ Im rv !s FTe‘u"L 51fb Vs-8Tev, L= 19511:: CMSF‘ Im ryv:s ?Te‘l.fL 511’::' \s-8TaV, L= mam
T ) | IR JI L] L]

H _} 1Y + H _} ZZ -I- Ccmbmed E H — W + H — ZZ — with syst.

+ H—=7yy Hl {ggH.1tH),

B UH --- no syst.
&+ H-2ZZ ”-.”,( VH)

CMS

BETTRETY 3 iod 125 126 127 128
my, (GeV) my (GeV)

 CMS vy and ZZ* measurements consistent




Higgs Mass Measurements

ATLAS Preliminary
[S=T Te".":_[LdI - 484 8k
1==0 Ti:".":ILdI - 3.7 &

W Best fit
— 68% CL

— am=0

122 123 124 123

el s sl aa sy

7
- ATLAS Preliminary

—— Combirsd {Slal+5ys)

[ ys = 7 TeV: [Ldl = 4.6-4.8 i Cambirsed {5lat anly)
Lat = 20.7 i —How
— H=ZF W

F

15 =& TaV;

| - I | I - - 1 I id 1 1
lPE1 122 123 124 125 126 127 128 129

my, [GeV]

* Tension in ATLAS yy and ZZ* measurements




Comparison with Electroweak Fit

fitter

B N B
[ smiit
@~ ATLAS measurement [arXiv:1207.7214)
== CMS measurement [arXiv:1207.7235]

70 20 90 100 110 120

Quite consistent: Ay? ~ 1.5




Comparison with Electroweak Fit

L 1 L 1 l L) ) 1 1 ' 1 L} L) ' I . ) I l 1 1 1 '.) [ L L) I I
B 68% and 95% CL fit contours | mi" Tevatron gierage + 16
w/o M, and m, measurements :

68%. and 95% CL It contours
w/o M, m and M, measurements

IIIIIIIII
I‘-Jllli‘ull

M,, world average + 1o / ]

Ll

1

oo

llllllllllllll

‘I.TIIIIIIIIIIII

3

()

L) .

S8
a

Quite consistent: Ay? ~ 1.5




Theoretical Constraints on Higgs Mass

* Large M, — large self—couphng — blow up at

3m ) T
ANQ) = Mv)—5 g glog— [ wmiver §
| Small: renormalization ¢ .|
due to t quark drives
guartic coupling < 0

at some scale A

— vacuum unstable T T

Higgs mass M, in GeV

« Vacuum could be stablllzed by Supersymmetry

1 | "
135 [




Vacuum Instability in the Standard Model

_J - Due to radiative corrections due to top quark L

e |Lifetime >>

P Y

- TN < oo o - i
e e < [ o % o " T - 3 N N T ?.
-y - - i - - - - -
W Fre
£

-

age of the Universe

| . el : x. 3 A . £ D
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Vacuum Instability in the Standard Model

. Very sensitive to m, as well as M
s -
178 . o ._
2001 Instability ] l Imlahlht) g a0 107 1w .
[ ] ] 2 176} 1ol
| & 1soff z = P I -l;.!’j._,
s | = ! 3 oo N\ -
: E 100 Stalility g’ é; - e Mcla_—s'labilily * 1*2:’"’ )] : v
1= wf z _%3 10f -eooii
' - 1o Stability | [S%
0 50 100 150 00 120 122 124 126 128 130 ::-:
.' 3 Higgs mass My in GeV Higgs pole mass M, in GeV L
~|» Present vacuum probably metastable with e
I|fet|me >> age of the Universe




Evidence that Couplings ~ Mass

CMS Preliminary {s—7TeV,L<51fb' \s—8TeV.L<19.6fb"
] | I 1 | || T T T 1] T 1 |||lll|l||l||l|||u||||l'|

- 58% CL
—95% CL

L] 1 1 I T N B O B PSP T
10 20 100 200
mass (GeV)




Without Higgs ...

... there would be no atoms
— Electrons would escape at the speed of
light
... weak interactions would not be weak

— Life would be impossible: there would be |
no nuclel, everything would be radioactive

The discovery of the Higgs Boson is a big deal * -




‘God Particle’ no big Deal

 Peter Higgs as quoted in the London Times:

« “A discovery widely acclaimed as the most
Important scientific advance In a generation
has been “overhyped ”, the British scientist

behind It has said.”




The Stakes 1in the Higgs Search

How 1s gauge symmetry broken?
Is there any elementary scalar field?
Likely portal to new physics

Would have caused phase transition in the Universe when
it was about 10-!* seconds old

May have generated then the matter in the Universe:
electroweak baryogenesis

A related inflaton might have expanded the Universe
when it was about 103> seconds old

Contributes to today’s dark energy: 10 too much!
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