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WAat ig the mass
of the Higgs
6ogon ?




Ask George Mikenberg ...
‘ He ’S‘\ouw know
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Thig ig Aow it all gtarted ... 6ack
in 1989

Cvarything was ,Light’ ...

- Neutrino mass = 0



Everything was ,Cight’ ...
- Neutrino masgs = 0
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( 80-GeV Toponium studies )



Cvarything wasg ,Light’ ...
- Neutrino mass = 0
* M op = 40 Govre® (By docree)

( 80-GeV Toponium studies )

And the Higgs ... ..just around the corer®



Where the Higgs wars not ...

,% x EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

0-[-443 CERN-EP/89-174
%Iﬁ El'% December 22, 1989

Mass Limits for a Standard Model Higgs Boson in
ete” Collisions at LEP

The OPAL Collabor 9 16 _I A L A R I_
< i OPAL i,
o 14 |- —
December 1989 s L Avi N
825 b 57 vee
= 10 — A A —
3.0 < My < 19.3 GV s °r B
excluded eI i
(95% C.|.) el S _
95% C.L. L4 .
2 - v . N
S I B B N ST R R
0 4 8 12 16 20 24

Higgs boson mass (GeV/c?)



Where the Higgs wars not ...

,% x EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

0-[-443 CERN-EP/89-174
%Iﬁ El'% December 22, 1989

Mass Limits for a Standard Model Higgs Boson in
ete” Collisions at LEP

The OPAL Collabor @ 4| |~ 7T 0T 0T
< i OPAL  _
> 14 |- _

December 1989 s L Avi N
825 nb-l a - Ve'e ,u'uw
Erof- & a —
3.0 < My < 19.3 GV s °r B
excluded g 6 |- —_
(95% C.|.) el S . _
95% C.L.
2 v v \
Little hole ... _I||||||',l|lllllT|T,Tli?-
0
6elow 3 GeV/c? 0 4 8 12 16 20 24

Higgs boson mass (GeV/c?)



Predicted number of events

Search for the ..light” Higgs
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Decay-mode independent
search for a Light Higgs
Boson




Predicted number of events

Scarch for the ..light™” Higgs UV 1992
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LEP | ... More data ... Senritivity to higher massers

énd of LéP1] ..

CERN PPLE /96115
August 14, 1906

Search for Neutral Higgs Bosons in Z°
Decays Using the OPAL Detector at
LEP

The OPAL Collaboration

m, <59.6 GeV / ¢ ..
€xcluded at 96 Y%, c.C.




LEP 2 ...
135,171, 189, 202,
209 GEV
GREAT
EXPECTATIONS



LEP 2 ...
135,171, 189, 202,
209 GEV
GREAT -
EXPECTATIONS
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Diversion: The ALEPH
four—jel" ,,ambu'S‘\”




Events f 3 Gl Events ! 3 Gz eV Events /3 GV

Events / 3 GeV

10

L=~ N - L T I — |

40

ﬁ
|

(a) Vs =133 GeV T

1 OPAL |

TTTTTT2
.

-l

(b) Vs = 161 GeV

{c) ¥z = 172 GeV

]

CERN-EP/05-013
28 Janunary 1998
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e ol Production of Four-Jet Events from
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Our owh 'Df\/er‘Sioh:

QUATORZE JUILLET
1997

cee ju'st Fon-owihg ah energy
upgrade




on shift

Gabriglla ...



Satord ... analysing off-ling

Gabriglla... on shift



curious
AcCcummulation of
events ... atabout
the same mass !

Excitement |

... Calling for
immedite aCtion




Physics coordinator
Called

Gail Hanson




OPAL ,,cri‘si's” meeting called Next
morning at 7:00 ( Building 28 )

Working through the night

.Some events did not pass basic Pre—'sel-ecﬁon cuts

° Oﬂ\er‘s were tloubl—e—couhted (Qabi - Satoru)

By sunrige ... Two events survived

The effef:l" was gone
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More seriously ...



bosons

199/

m; < 84.6 GeV / c

SUSY H

my < 85.0 GeV / c

€xcluded ( 96% ¢c.L.)

(Léer?)
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M, <80 Gev / ¢

€xcluded , 96% c.C.
(LEP2)

Still in the E4. Board
( Spectal price )




~lInvisible* Higgs

Ex-aeq{uo with
Charged Higgs







fermiophobice




bosophilic




photonic




gluonie




Ralusa-Rlgin
stategs




... other odditigs




1997 ... Change of paradigm

LEP Higgs Working
Group




Not always obvious
Mistrust
No exchahge of ,,eVeht’s”

0000

Probability densitivs

» L &8t statistics”

nTtS‘F mass”

o Pra-values”

~Ellen Queur” (-InQ)
+Sea EHesse” (C;L j
~Sea Elle Bes” (C«Lb j

n.Hig‘\er level abstraction”



September 2000
.+« shortly before the final LEP shutdown

Four-jet ,Higgs’ L
candidates

myy, = 116 GeV/c* (3.9 o)

_1. IIIIIIIIIIIIIIIIIIIIIIII;IIIIIIIIIIIIII
130 102 Ib4 10 108 I10 112 114 116 113 lll

m(GeV/c")




Busy times for the LEP Higgs Working Group

* Fast succession of LEP combinations
... Weekly reporting to the DG and LEPC
Harragsement Gy the Media

* One month of LEP extengion accorded

* Nov.3 : Final reporting to LEPC
LEP : 2.9 ¢ ,effect’ at 115 GeV/c?
Reguest for LEP extengion By one year

... Not accorded ...



LEP - Fest




LEP Legacy
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Available online at www .sciencedirect.com

-clgncz@mn:cr-
PHYSICS LETTERS B

ELSEVIER Physics Letters B 365 (2003) 61-73

www.elsevier com/locate/npe

Search for the Standard Model Higgs boson at LEP

ALEPH Collaboration
DELPHI Collaboration >
L3 Collaboration?
OPAL Collaboration *

The LEP Working Group for Higgs Boson Searches’
Feceived 7 March 2003; received in revised form 25 April 2003; accepted 28 April 2003
Editor: L. Rolandi

my, > 114.4 Ge¥/1?

(95% t.l.)

— Ohbserved
-—----- Expected for backgroun

1.7 o ,effect” at 115 @e¥/c?

———————— Expected for signal plus background

106 108 110 112 114 116 118 120

m, (GeV/c’)



focus... TeYatron

CDF and DO ... Collecting data steadily since years
Machine and detectors ... Understood
Analysis procedures well in hand



CDF and DO ... Combined ICH Ep
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Ben Kilminster, (CHEP 2010
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CDF and DO ... Combined l c Hé
P

8 f6-1 on tape, 6.7 [6-1 analysed

P

\
PARIS/Z0I0\.
Excluded by Excluded by Excluded by
LEP Experiments Tevatron indirect Measurements
95% confidence level Experiments 95% confidence level

100 114 120 140 158 175 185 200 GeVic?
Status as of August 2010, to 95% confidence interval

Ben Kilminster, (CHEP 2010



Indirect constraints on my ... improving

July 2010
T

T T T ' T T
{1 —LEP2 and Tevatron (prel.)

LEP1 and SLD
68% CL

1 New Mfop

| cOF+DO : |
1733 + 1.1 GeV |

Precision Fit finds
my = 89.0 3% 54 GeV
mu < 158 GeV @ 95% CL

Ben Kilminster, ICHEP 2010




Search for Supersymmetric Higgs boson

@ Supersymmetric models P e
extend Higgs sectfor :
Excluded by LEP

® = (HO, A%, h0), and Ht : — B
Expocmwm;za

Introduces tan B =

<H.>/<Hs> parameter \\\\\\\\\\\\\\\
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O
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L A e
B)? ~ 1000 over SM JA N

@ Branching ratio

~ 90% bb, 10% TT T R Seo 180200
m, [GeV/c?]

@ Tevatron has comprehensive

MSSM Higgs program .
@ CDF & DO combined search for
¢ - TT ® — TT with 2 fb!

®+b — bb+b Probes interesting value of
Dab s Trrh tan B ~ mi¢/mp ~ 30

Ben Kilminster, ICHEP 2010



TeVatron ... Pleading for extension

Prospects for Higgs evidence

~16 Fb'l . % 2xCDF Prelirrninary Projection
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> 3 0 expected
sensitivity from

100 - 185 GeV
4 o @ 115 GeV

End of 2011:--

> 2.4 o expected
sensitivity across mass
range
3 o at 115 GeV
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* 16 fb! : based on “"Run III” proposal to run 3 more years

Bewn Kilminster, ICHEP 2010



.ee QNd the LHGC ?

Beautiful (technical) achievments
shown at JCHEP 2010
With time ...

Comprehengive gsearch up to the
ToV gcale

oo Ut still a long way to go !

The race ig ,on"!



celebrating ?




GEORGES BECKER

Docteur és-sciences
président honoraire de la
Société Mycologique de France
membre d’honneur de la
Société Bresadola de Brescia et du Trentin.

ROLAND SABATIER

membre de la
Société Mycologique de France b




