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*Higgs Mass Theoretical Upper Bounds

*SM Higgs Production Processes In
Hadron Colliders

*Winter 03 Experimental Results
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Higgs Particles

 What are the Higgs particles we are looking for?
— Standard Model Higgs: Single neutral scalar
— MSSM Higgs: Five scalar and pseudoscalar particles

e hO HO H*-and Al

— Higgs in Other Models

 \What are the most distinct characteristics of
Higgs particles?
— In both SM and MSSM, the Higgs particles interact

with fermions through Yukawa coupling whose
strength mostly is set by the fermion masses.
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Theoretical M,, Upper Bound in SM
From the SUZXU L

2

- g difdg - g,ulf ‘ug +he.

Where, the scale v is the EWSB scale, V= 5> 26,
and the mass of the Higgs particle and fermions are
M, =1v?
gV

m, = NG Where | is the quartic coupling
and g; Is the Yukawa coupling
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Theoretical M,, Upper Bound in SM

While M,, cannot be predicted in SM, internal consistency
and extrapolation to high energies can provide upper and
lower bounds.

Based on the general principle of t-E uncertainty, particles
become unphysical if their masses grow indefinitely. Therefore
My, must be bound to preserve the unitarity in the perturbative
regime. and the mass of the Higgs particle and fermions are

From an asymptotic expansion of a W, W, S-wave scattering, an
upper limit on M, can be obtained:

M2 £ Zﬁ%F » (850 GeV )?
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Theoretical M,, Upper Bound in SM

The SM tells that there is no new physics between EWSB
scale (~1TeV) and the GUT scale (102°GeV). This can
provide a restrictive upper limit because the SM can extend
to a scale L before a new type of strong short range
Interaction can occur between the fundamental particles.

From the variation of quartic Higgs coupling, | , and the top-
Higgs Yukawa coupling, g, with energy parameterized by

t=log(m/v2), and requiring | (L) to be finite, one can obtain

the Higgs mass upper bound

2 8p 2V2

M & 3Iog(v2/I2)
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Theoretical M,, Upper Bound in SM
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SM Higgs Properties

* Profiles of Higgs Particles determined by its mass

 The Yukawa coupling of Higgs to fermions set by
the fermion mass, m,, and to the electroweak

gauge bosons by their masses, M.,.
1/2
O = [\/EGF] my

O = 2V26G, ["* M

Physical observables, the total decay width, lifetime and branching
ratio to specific final states are determined by these parameters.
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Higgs Decay to Fermions

Higgs partial decay
width to fermions are

cHe f7)

:%gfmm?(l\ﬂﬁ

™~

Number of color
quantum numbers, 1 or 3

For M, =100GeV,
m,(M,;?)~3GeV,
m(M,?)~0.6GeV
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Higgs Decay to Gauge Boson Pairs

C(H® W
( ) Higgs Branching Ratios to Gauge Boson Pairs
M2 (L- 4x+12x2)b,

16«/—p 10
Where x=M/ /M and
d, =2orlforW orZzZ

cH® w’)

wm L R(x)d,,
16p °

Where d,, =1and
d, =7/12- 10sn?q,, /9+40sn *q,, / 27
G(H® w)
_ 3G/’ M 2
128+/2p®
vaid inthe limt M2 <<4M 72 ,4M 2
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Higgs Production Processes at
Hadron Colliders

Gluon fusion: gg ® H WD _____ '

WW., ZZ Fusion: WW ,ZZ® H

Higgs-strahlung

7 qq® W',Z" ® W,Z +H

Higgs Bremsstrahlung — -
off top: 0,99 ® tt+H
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Hadron Collider SM Higgs Production s

c(pp — H + X} Ipbl
Ve = 2 Tev

B B B B B B B B o B e
ol pp=H+X) [ph]
E wg = 14 TeV 3
M, = 175 GeV
E CTEQ4M
L 107 ¢
E -3 0 =
‘““‘*Hﬂﬂjﬁz""‘g Faga— H
MFITEE ENETIN AN N EN AT AN AN ATE I AN AN IS A ANINANATE N AU AT A AP ot SR
0 200 400 GO0 800 1o 1 E
My, [GeV] B,
1 [F-
10 E
—2
10 SO
—3 [
10 =
10*4_...|...|
80 100 1280

Wednesday, Apr. 9,

2003

e PHYS
Jae Yu

160 180 200

My (GeV /c®)



What do we know as of- Winter8637——
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Homework Assignment

o Study the summary SM Higgs branching ratio
plot in slide 10 and plan experimental strategies
to search for Higgs particles in the following two

scenarios
- M,=115GeV
- My >150GeV
« Due: Wednesday, Apr. 16

Wednesday, Apr. 9, 2003 e PHYS 5326, Spring 2003 14
Jae Yu



