Lecture 11:

The search for the (SM) Higgs Boson

ag v

e theoretical basics
e Higgs production and decay
e Higgs search in ete- annihilation
— direct search
— indirect mass limits from
electroweak radiation corrections
e Higgs searches in hadron collisions

— Tevatron

— LHC (-> next lecture)
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The Standard Model Higgs Boson:
theoretical basics and expectations

* gauge field theory with gauge symmetry in weak isospin/hyper charge [SU(2) x U(1) ]
to describe electromagnetic and weak interactions of quarks and leptons:
includes massless gauge bosons (y, Z0, W+, W-) and fermions

® any attempt to include mass terms breaks gauge symmetry and destroys
renormalizabilty of the theories

e Englert, Brout and Higgs (1964): spontaneous symmetry breaking (generates mass,
keeps renormalizabilty):

* introduction of complex SU(2) doublets of scalar fields with a potential
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theoretical basis and expectations

e inserting ¢ in Lagrange function results in 3 massive vector fields, 1 massless vector-
field, plus one massive scalar field with

MW=%gv = v=246 GeV
M, =My /cosO,,  (g=e/sinf)

M, =0

MH = 2M2 = 2)\.\/2

e introduction of Yukawa-couplings gs between ¢ and the fermion fields: generates
fermion masses my = grv/2

e fundamental fermion-Higgs couplings:
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Tevatron and LHC WS17/18 TUM S.Bethke, F. Simon V11: Search for the Higgs Boson (1)



theoretical basis and expectations

theoretical bounds for M, from self-consistency arguments of the
Standard-Model:

® upper bounds: perturbativity

* |lower bounds: vacuum stability

n.b.: if SM is valid only up to
A =01 TeV),
then My =50 ... 1000 GeV

n.b.: if SMis valid up to A = O(Mplanck)
then My ~ 125 ... 180 GeV

A\: energy scale up to which SM is valid
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Higgs: production and decays
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Higgs: decays

Br(H— yy) ~ 107

My < ~135 GeV: dominanter Zerfallskanal H-—> b b
My > ~135 GeV: dominanter Zerfallskanal H -—> W+W-
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Higgs: decays
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Higgs: production

ete- annihilation
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Higgs: production watch out:

non-matching
colour-codes !

Standard Model Higgs Boson @ Tevatron

cross section (pb)

W, Z bremsstrahlung
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Higgs: production watch out:

non-matching
colour-codes !

Standard Model Higgs Boson @ LHC (7 TeV)

W, Z bremsstrahlung
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Higgs: production watch out

non-matching
colour-codes !

Standard Model Higgs Boson @ LHC (14 TeV)

~
O
o,
)
L
o
o v—
—
Q
D)
0p]
A o
8 g ol HC;
Q 9 7t
2T

W, Z bremsstrahlung
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Higgs production cross-sections

proton - (anti)proton cross sections
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Higgs search
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Higgs-search in e*e- annihilation: direct

production:

search includes ~ 80% of all final states with ~ 40 - 50% selection efficienc
S.Bethke, F. Simon

Tevatron and LHC

WS17/18 TUM

decay chanel (ete— —> HZ):

4-Jet- 51%
Kanal

2.4%

5.1%

7 e Lepton- 4.9%
vy Kanal
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background:

WW —qqqq,ZZ —bbqq
QCD djets

WW —-qqlv,ZZ—bbvyv

WW-qqtv,ZZ—qqtt
QCD (low-mult. jets)

ZZ—Dbbll




Tevatron and LHC

WS17/18 TUM

S.Bethke, F. Simon

|3: Candidate event
for ee --> HZ --> eeqq

LEP:

from direct search
My > 114.1 GeV
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Higgs-search in e*te- annihilation: indirect
radiation corrections in SM:

photonic corrections: ><{W +§< + >w< +>(;_:J<+...

corrections ~ 100%, selection dependent;
factorisable: (1 +9,_)

non-photonic corrections: ROSEDSRY +>‘¥:Z<+>L’-H-l<+ Herld

corrections ~ 10%, selection independent;

can be absorbed into running coupling constants:

 5in20_(s) *als)= O; . Aa= (064 bei s =M,
- Al

° OCS OCS 2 .
of 1+7+1.4 —| +. (fiir Quarks)

2 2
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W
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Higgs-search in e*te- annihilation: indirect

insertion of running couplings into”Born”-approximation :

. . . _ Gy M;’ ) 2
partial decay widths of Z: Iy = - [gai +gvf] (and thus, also the

cross sections) become dependent on: e

indirect determination (fit) of M., M, , und &_from combination of

I
I
V

all available electro-weak observables
(differential cross sections, partial decay widths, forward-
backward asymmetries, T-polarisation, ...)

Zay=13y (3. Komponente schw. Isospin; =x1/2)

gv,f = 13’f - 2QSln2 HW
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Higgs-search in e*te- annihilation: indirect

6 July 2008 My = 194 GeV
indirect ' |
(adjusting 5 Actoy = |
radiative corrections): : _ 8'82?221—[2'88832 |
My = 84+34 5, GeV 4 - : . e a
(68% c.l.) |
R
> 3
2 _
direct searches 1 1 _
(exclusion) — |
My > 114.1 GeV 0 Excluded . Preliminary
30 100 300

m,, [GeV]
114.1 GeV <My < 154 GeV (1-sided 95% c.l.)
My < 185 GeV (incl. 114 GeV lower limit)

n.b.: at the end of LEP (2000), indication for few events with My ~ 115 GeV (~2.3 std. dev.)
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CAIUOO OLVLUUIVILAVYY)

Tevatron and LHC

Higgs-Search at Hadron colliders: Tevatron

WS17/18 TUM

My < ~135 GeV: dominantdecay H-—> bb (~90%)
H—> 1Tt1 (~ 8%)

My > ~135 GeV: dominant decay H-> W+W-

hadron collider: b b background from QCD processes
dominates: irreducible:
=> gg->H->bb cannot be used

therefore:
focus on associate production

(ZH, WH) and analyse
eg.Z—>I*l-; H->bb

TT decay suitable for all production
channels
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Higgs-Search at Hadron colliders: Tevatron
example: My = 120 GeV and 30 fb-' (model study!)

very difficult measurement; background must be known extremely well!
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(delivered)

Tevatron was shut down on Sept. 29, 2011, after 26 years of colliding p and p
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definition of: signiticance of signal
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Expected Tevatron sensititvity

Tevatron at end-of-run (Sept. 2011): < 12 fb-1 / experiment

—> exclusion (3 0) expected: 100 - 117 und 150 - 179 GeV;
5 o discovery possible to be reached at 160 - 167 GeV.
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CDF/D0 combined conclusion (July 2012):

« SM Higgs exclusion
in the range 147-180
(and 100-103) GeV
@95% CL

* Expected exclusion
range 139-184 GeV

« 2.5 0 excess in region
115-135 GeV (3.0 0 at
Mu=125 GeV)

observed
signal strength:
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Summary SM Higgs-search w/o LHC data (2012):
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Higgs-search and discovery at LHC (preview):

ML

(see next lecture; 22.1.2018)
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