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Historical short description related to the (B-E)-H bosons
before the discovery ( circa 4th july 2012 )
with emphasis on the LHC

Theory

Experimental developments, including
detectors, magnets

Searches

Discovery

Rien n’est cru si fermement que ce

que ’on sait le moins
Nothing is believed more strongly that which we know the least

Montaigne, Essais
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Giving an historical talk is difficult !

If I have seen further it is by standing on the
shoulders of giants

Isaac Newton, Letter to Robert Hooke,
February 5, 1675
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Spontaneous Symmetry breaking (Baker-Glashow)
The Electroweak Theory (salam)
The Brout-Englert-Higgs mechanism

The LHC

in a
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1950 Ginzburg-Landau ( Meissner-Ochsenfeld effect — London penetration length ~ W mass

1959 Nambu
1960 Goldstone, Gell-Mann Levy, NJL
1961Schwinger
1962 Anderson
1964 Brout, Englert, Higgs, Guralnik, Hagen,
1967 Weinberg, Salam Faddeev, Popov
1970 Glashow, Iliopoulos,

Maiani, ‘t Hooft, Veltman, BRST.....
1973 Neutral Currents dis .
1983 yRubbia, van der Mee. p?' rtlcles 0 fm
1984 1 Spiro. Repellin. ...

1989 August 198

'll l'

) The 10 metre long prototype bending magnet for LHC,

(==
which has reached a field of 8,73 Tesla on 14 April 1994

8 ~— approval o}
1999 “— Ar1LAS PR

2006 <— CMS Physi
2008 +— ATLAS Ex

2010 «—— Sstart-up at

2012 <«
4™ July discovery of boson ( m2~ 125 Ge

2013 ~— boson like properties Nobel prize tc
2014




2008

2011 2010 2009

2013 2012

10th september 2008 : first beams around
19th september 2008 : incident

14 months of major repairs and consolidation
New Quench Protection system

20th november 2009 : first beams around (again)
december 2009 : collisions at 2.36 TeV cms

January 2010 : decided scenario 2010-11 7 TeV cms

30th march 2010 : first collisions at 7 TeV cms instead of 14 TeV’
august 2010 : luminosity of 10°! cm2 s7!

may 2011 : luminosity > 103 cm? 57!
november 2011 : 7 TeV integrated luminosity ~ 5 fb!
13" december 2011 : first ‘signal’ around 126 GeV | |

march 2012 : start again at 8 TeV
( 50 ns between bunches )

4™ July 2012 : evidence for a new boson
( 8 TeV integrated luminosity ~ 6 fb' )

(Standard-Model) boson-like properties

peak luminosity 7 10%3 cm™ 57!
integrated luminosity ~ 5+ 20 fb!

September 2011 :
end of Tevatron
data taking

end of Run-1




@ LHC / HL-LHC Plan
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(B-E)-H boson discovery
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First Study of the Higgs, 1976

* The beginning of Higgs phenomenology

We alsoul Aiion haith with an spod
perlmeatalists for hin Q] 10 L

wuve wath charm ( 3. 4

S.Dawson 4th July 2022

Unitarity, 1977

* We did know something about the Higgs mass
* Either M, < 800 GeV or perturbative unitarity violated around 3 TeV

- Cross sectons grow with
energy without Miggs

* Led to the powerful idea of a "no-lose” theorem
* “The LHC had to find a Higgs or something else at an accessible scale”

Weak Interactions at Very High-Energies: The Role of the Higgs Boson Mass

ermilab), H.B. Thacker (Fermilab) (Mar, 1977)

C. Quigg (F

(Fermilab),

W. Lee
Published in: Phys.Rev.D 16 (1977) 1519

Benjamin

ermilab) (Feb, 1977)

ab), H.B. Thacker (F

10

The Strength of Weak Interactions at Very High-Energies and the Higgs Boson Mass

A Phenomenological Profile of the Higgs Boson

John R. Ellis (CERN), Mary K. Gaillard (CERN and Orsay, LPT), Dimitri V. Nanopoulos (CERN) (Oct, 1975)

Published in: Nucl.Phys.B 106 (1976) 292



Theorists and SUSY prefer low mass boson

m, <m, atlowest order. But was realized that

this prediction is subject to important radiative corrections
that could push m, up to ~130 GeV in simple supersymmetric
models

Y. Okada, M. Yamaguchi and T. Yanagida,

Upper bound of the lightest Higgs boson mass in the minimal supersymmetric standard
model, Prog. Theor. Phys. 85 (1991) 1.

J. R. Ellis, G. Ridolfi and F. Zwirner, Radiative corrections to the masses of supersym-
metric Higgs bosons, Phys. Lett. B 257 (1991) 83; H. E. Haber and R. Hempfling, Can

the mass of the lightest Higgs boson of the minimal supersymmetric model be larger than

m(Z)?

11



© E.Gianotti 4-12-22

Ys=13TeV

ATLAS Collaboration Run 2
Nature 607, 52-59 (2022) 2022
CMS Collaboration Run 2 —fi—
Predictions for m = 125 Gevy ~ Nature 607, 60-68 (2022) '
' | l I 4 e " l ' i A ' b | |9 1 L § 4 ' E . s 2 | J | I

* From iMixs
LO* :' | : :::u Gaillard, D.V. Nanopouion, C.T . Sacheajds 1977 - 1980
M, Georgl, S. Glashow, M. Machacek, D.V, Nanopoulos
T. Rizzo
NLO - QCD*
ke | 1991 - 1995
M. Spira. A, Djouad!, D. Grawdenz, PM. Zerwas
NNLO+NNLL QCD - NLO EW ;| 2002 - 2012
S Caani, D, de Florian, M, Graxzinl and P. Nagon .

S Acztis, 0. Passaring, C. Sturm, S Ucclest|
Harlavdor Kilgore, Anastasiou, Meinkoy
Ravindran. Smith, van Nesrven

2

N°LO - NLO EW

C. Anastasiou ot ol
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...or signal strength  discovery papers

(2012)
Do not forget the

HXSWG (Higgs Xross
Section Working Group Lo
crutial to transform the

results into .
recommendations to be

used in the experimental
analyses

PRPPIFIFEFERS SRR SRR Iaea—

M.Grazzini 4-12-22
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In addition , at the time of the discovery a small use was made of the

different production modes



- Experimental developments, including
detectors, magnets

Corfou 29 08 2022
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The construction of the
machine and of the
experiments went very well

.. But not without problems

Corfou 29 08 2022
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LEP : approved in Oct 1981 starts operation in August 1989

ECFA-79-039

l . PI.OlogllC: l]]C LEP lllI]I]Cl ECFA-LEP working group : 1979 progress report

The LEP-White Book

" Z ChIChI Antonino (ed) (CERN)

cists b &ﬂmughttomnkeﬂ\etum\dwidevthanwm ‘
hdﬂeto install later a proton machine with s '

E@Amdy (Roma 1978, chaired by A. Zichichi) had
'-‘- de a mcommendaﬁon in this direction, '
" g the resistence of those afraid that the
| t"implted cost increase would put the LEP project at risk
*  Asacompromise, a tunnel of 4 meters diameter was

| ﬂgl«l However, this was not enough tor a cryogenic

“system with two independent magnets (Such as was
=) nec torlheSSC)
CE ERN wis forced to develop a new advanced design:

1:1 W more compact and less expensive |

" oftunnel s dimensions, all in all, is a positive

story: an. lacompxonme that made it possible to

paRicng tie e lifeti e of CERN well above 20 years.

L.Maiani Higgs Hunting 2021

. -

-*:

SSC approved in November 1988 Cancelled in October 1993

( ISABELLE was cancelled in July 1983 )

Countries that contributed to SSC( US , Japan, India, ... )
will contribute to LHC

17



1989 ECFA Study Week in Barcelona

| L=10%
- 2. Early LHC chronology [eEpe

1 1984 Lausanne ECFA workshop: LHC w LEP mnnel

11987 La -Thmle workshop. first design (G. Briant)

* 1988 Feastbility of High Lummosity expts at LHC, Geneve meeting
* 1990 Aachen meeting: main lines are delineated.

* G. Kalmus closing remarks: (The Aachen meeting) has marked a watershed. the
time, when the LHC project.. graduated . (o being the way forward for Eunropean
article physics.

® C. Rubbia: high Inuminosity makes LHC competitive with the SSC (compensating
or an energy ratio 40/16)

e A lot of wishful thinking:
o schedale: start cvil engineenng m 1992, comumssionmsg m 1998 (6 vears).
o I'n reality . start civil engn i 1997(+5), conumniss. m 2008 (11 vemrs).
o It was still consadered possible to mstall i the tunnel LHC together with LEP ‘
and nin LEP and LHC concurrently.
® The possaaibaliry was kept alive until 1995 The need ro dismantle LEP was
announced by C. Llewellyn Suuth n Betjing... 1. Mannelli asked me to protest 34
formally, on behalf of INFN. L=10
® 0o cost mentioned. cm>? s!
e 1992  Council declares that the LHC “will be CERN's next facility ™.
. 1992 Expressions of Interest for experiments are presented m Evian, the LHC
expermments Committe 15 created.
Maas Hunting 2021 L Matant How did we get there : A




Cross-section of LHC cryodipole

superfluid Helium (1.9 K )
which permeates
through the conductor

& quivalent thermal conductivity of

T R
KIT.q) =47 ¥(T) Helium 11

ar gt N
dX Y / \

qin W/ em?
TmK
X mcm

/ OFHC copper

Critical current density
of technical superconductors
— NbTI @ 4.5 K

—NoTI @ 1.8 K
- NDISN @ 4.5K

B LG dous Gt — Very good thermal
stability of the machine

©L..Evans 4-12-22
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Expression of Interest
The Ascot detoctor at the LHC

P. Norton (Rutherford-Appleton Laboratory) R Shasoped s bmse s botamteso oo 137
Expression of Interest

CMS : a compact sodenoidal detector for LHC

M. Della Negra (CERN) & H. Desportes (DAPNIA, CEN-Saclay). ..o ivmmmmniranins: 168

Expression of Interest
EAGLE : hpcm'nmt for Accurate Camma, Lepton andd Fmvgy MOASBements
P. Jenni (CERN).. 00 00 B8 8 A S 4004 b bbbt S e s rbavas sy voviesvwysaumns B BT

Expression of Interest
L3 detector upgrade for LHC - The Pxtended L2 Collaboration
S.CC. Ting (MIT) & F. Pauss (ETH, Ziinch) ...

LABCEATONE FLBOPEEN LA LA FHYBGA D MATIN E%
CERN  conoetan Lapomarcay ron mancie mosecs

CViIS

The Compact Muon Solenoid

ar b

L3P

Lepton and Photon Precision Physics

chosen

Letter of Intent

20
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Aerial view of Point 5
Gallo-roman vestiges 1998 Point 5 = CMS

% Roman coins found during archeological
' excavations at Point 5

:{_

©L..Evans 4-12-22

=4

N




..and major crises: LEP

o ~ LEP in the year 2000 i

g e LEP has obtained important results in the last months of
| operation in the year 2000
. . ’

evidence for a Higgs particle at about 115 GeV /¢~
» LEP Collaborations requested a further run in 2001(from May
to October) in order to consolidate the data.

) el
d'i‘k E

Pulling out - on 2 November 2000, CERN SPS/LEP
division head Steve Myers ceremonially switched

off LEP for the 1ast time.,




CMS = (Compact Muon Solenoid)

o | €Y precision calorimetry [ sn " sm o m
H—vyy ,4e 3 ég S}
Lead tungstate =
----| scintillating crystals Trigger without dead time
© 4%
7 \\\\f'.'_\- 4

ife >
Silicon tracker write > 200 evts /s

+ vertex ( b quark,
T lepton)

Suppose to work 10 years without

B=4T 77/ = = |decrease of performances
. m i
\ Electromagnetic ‘~—"'U.J 77X MllOH Spectrometer ‘
)" )" Calorimeter N
Hadron o ‘h
Calorimeter Hadronlc I L:
Transverse slice Calorimetry I ‘ b
— Sampling calorimeter with absorber
«4 7'35» detector (brass) and plastic scintillators
up to = . 23
(from 6 = 1.35°) Jets and E miss

ey, CERN, Febricuy 2004



CMS EM calorimeter
more than 75000
cristals of PbW0,

O(E)/E =3%/VE;,, ®0.7 %



High level quality control !

ﬁ.u.-v




ATLAS end of 2004

. ey RAArONIC calorimeter
fl . —SS AT ¥ with scintillating tiles

barrel Liquid Argon o

electromagnetic Nz L& - C-- B/ B
- .

C‘—.‘

calorieter LK .‘ ....’
| \ r;is' -‘wr—’u@"-

two of the
eight coils of

the toroid

MarcVirchaux
(1953-2004)

26



Muon Spectrometer (|n|<2.7) : air-core toroids (B ~ 0.5 / 1T in barrel/ end-cap) with gas-based
muon chambers Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV

ATLAS detector Length : ~ 46 m
Radius : ~ 12 m
Muon Detectors Liquid Argon Calorimeter Weigh-'- C 7000 tons
3-level trigger - ~108 electronic channels
reducing the rate ~\\[ \. I— o 3000 km of cables
rom 40 MHz to et A e

\ Boris Dolgoshein

ey 4

{ Inner DeTecTor (|n|<2 B, B ZT)

© F.Gianotti

b RGdIGTIOH de‘rec’ror' (straws) .p\m :
| Precise tracking and vertexing,

e/ separation

Momentum resolution:

o/pr ~ 3.8x10* p+(GeV) ® 0.015

Bill WilliS forcid Magnets Solenoid Magnet SCT Tragker P ( Chamber' r'eSOIUTion @ MS )

EM calorimeter: Pb-LAr Accordion \

E{I' eT ; (;Iggfi;;,‘!d;/ng liligt)c}r:/gnd EEi HAD calorimetry (|n|<5): segmentation, hermeticity
: ° " | Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E;
E-resolution: 6/E ~ 50%/VE ® 0.03

Daniel Fournier




QRL crisis June 2004

vacuum leak in the
cryogenic distribution
line — 1.5 year delay

©L..Evans 4-12-22




a fault occurs in the electrical bus connection in the region
between a dipole and a quadrupole, resulting in mechanical
damage and release of helium from the magnet cold mass
into the tunnel ( 1.5 year delay)

19th September 2008

© L..Evans 4-12-22
Corfou 29 08 2022




- Searches
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Search for the Standard Model Phys.Lett.B 565 (2003) 61-75

Higgs Boson at LEP

LEP Working Group for Higgs boson searches and
ALEPH and DELPHI and L3 and OPAL Collaborations

2461 pb™! of eTe™ collision data at centre-of-mass energies between 189 and 209 GeV

: LN F . oy &
925 LEP  -200209Gev Loose = 7} LEP  i-200200Gev light
> | ’
v 4+ Dam B + e
b 6
O 20 - L_] Background hd D Backgruusd
ag] Signal (115 GeV/c* o~ Signal (115 GeVic)
— | - gual ( eV i) R 5 " -
P | 8|
o 15| all > 109 GeVie'| \ = LAl 5109 GeVie
2 | Data 119 17 3 ¥ [IDaea 18 4
= | Backgd | 1165 158 &) t Backgd 14 1.2
10 | Signal 10 71 J 3 INSigmal | 29 22 P I
' = E .
5 [ | A ‘ 4 ;
TR i .
| 3 |
bttt by
0 20 40 60 80 100 120 0 R : et o

rec 71c? 2
lllH (Ge\ /c7) rnHrN (G(‘\'/(‘-)



Precision Electroweak Measurements and Constraints on the Standard Model #1

ALEPH and CDF and D0 and DELPHI and L3 and OPAL and SLD and SLD Electroweak Collaborations and LEP
Electroweak Working Group and Tevatron Electroweak Working Group and Heavy Flavour Groups (Dec, 2010)

e-Print: 1012.2367 [hep-ex]




( Tevatron data (proton —antiproton vs =1.96 TeV) ended in september 2011 )
Tevatron Runil, L_<97m’

CDF and DO é’ - e Meaared  es Dapeched ke m 125 GeV - §

(at Tevatron) have ? s00 - B sied .. ‘J...‘;:.Z.L".";o‘:i}’ s

paved the way and P dondvion 3

brought 2 S
e e 5 300 3

sophistication and 3 :

maturity into £ 20 E

Higgs boson S

searches at

hadron colliders 120 125 130 135 140 145 130

m, (Gevic®)

We combine searches by the CDF and DO Collaborations for the associated production of a Higgs
boson with a W or Z boson and subsequent decay of the Higgs boson to a bottom-antibottom quark
parr. The data, onginating from l-crmxlab Tevatron pp collisions at /5 = 1.96 TeV, correspond to
tegrated luninosities of up to 9.7 h™!. The searches are conducted for a Higgs boson with mass
in the range 100-150 GeV /2. We ohscrw an excess of events in the data compared with the
background predictions, which is most significant in the mass range between 120 and 135 GeV /2.
The largest local significance is 3.3 standard deviations, corresponding to a global significance of
3.1 standard deviations. We interpret this as evidence for the presence of o new particle consistent
with the standard model Higgs boson, which is produced in association with a weak vector boson
and decays to a bottom-antibottom quark pair.



- Discovery
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Events / GeV

Data - Fit

YYYY]YYYﬁ]YT'YrYrYY]TY'Y'Y'Y'

4500 s.7TevILd:.o.osz" Apr 18, 2011

4000
3500 2 s
+oam ATLAS Preliminary

3000 H->yy channel
2500
2000
1500

1000

L 11111111111111111llllljjlllllllllllllllllllllll
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Events / 5 GeV

Data - Background

35 hl' LN 2 ]’ * F ¥ ¥ l' LA 2 2 TT TP T ] R X %F | T 4 % ¥ % ‘l . % 5 % ‘l - % 5 % . 5 % "_
- {s=7TeV Iwuo.osm“ Apr 24, 2011 .
30— -
25— ATLAS Preliminary
3 H—2Z"' 41 channel -
20 T -
L Signal (m"=125 GeV) -
< B Background 22" N
15— Bl Background Z+jets, T -
" —4— Data B
10— 23
51— =
o ol
= ]
N U [THUIT TITPL PROUE POUTT TN POR TV P
10}- -
o .
10} -
A -~ . o - e ™ - P

50 100 150 200 250 300 350 400 450 500

M, [GeV]
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Evolution of the excess with time

lllllllll]lllll"l] &3 0 23 | UL L L L (I B O

is =7 TeV (2011), [Ldt=4.81b"
fs =8 TeV (2012), [Ldt=591"

07/11 EPS Prel.
— Observed

-- Expected
12/11 CERN Prel.

—— QObserved
Expected

© F.Gianotti

Spring 2012 PRD
Observed

PLB 08/12
—— Observed 60

= xpacie

10-10 lllllll;lllllllllllllllll‘llllllllllllll

110 115 120 125 130 135 140 145 150
my [GeV]

37
pP,= probability that the background fluctuates more than the observed excess



Thank you for your attention

all the technicians, engineers and physicists who have

contributed to the machine and to the experiments

at CERN and elsewhere have to be congratulated
(without forgetting the theorists ..)

After 2012 , precision physics with the boson at LHC ..
another story .. which will last still 20 years

see talks from M. Cristinziani ,D.Pyatiizbyantseva,
S.M.Tkaczyk,D.Varouchas, M.Zerlauth,L. Morvaj, ....

Corfou 29 08 2022 38
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CHAPTER XII: NEW PARTICLES AND THEIR EXPERIMENTAL SIGNATURES, J. Ellis et al.

CONTENTS 1. Gasgioo pair prodaction e
. Bl odecton "o 2. Asociated production of sguarks ssd gragieos [
A Where we sand "w L Sguark pait prodecton (%)
B The impormance of e 1-TeV scale " B Prodecton and detection of wooegly smcracting
C W purpine and praks of (e pager m P el SR o,
Il Prebeninanies " C Produoton and detoction of oolor slaghet super:
A, Paron model e " Jannen LR
R O Gepeniont paron datrButonm 489 D Sesmmary -
C  Partoo perion hemnon oy v VI Componte Quarts and Laptons e
B Phapsios of Madeonic Jems e A Mamefostation of composiones L3
A, Gesarsltens e B Sigaeds fon componitonos i highp, ot prodecton
B Twojot lonl vt ¥ C Sapnais for componite guarks and lepoons in lepton- e(
C Mol phesomens o par procuction 0\6
D Semmary 17 D Semmary 0\\
IV, Bectroweosh Phenomens (Nh) X, Semmary snd Conclavions C
A Dilepton production 61F  Acknowledgmens e(
B lstermadats bosos prodection el Agpenda.  Parsemetricatons of the Parvm D 0?
C Pair prostection of gaage hosivs 24 Keforemory %
I Production of W+ ¥~ pairy e . %
2 Production of %29 pain [S4) Q
L Production of 2977 paies 0

& Wy peoduction ol

2 8 The N\ 7 disiiimi
: wm.::.mu W 6 C \“xAM Aba:':l
Dosoes s %0? . accessible by a new gens

mwthwmm By scale in elementary
%Mm-mwbth beam encrgics between
m Our current outlook has been Umber of conventional

.eod-tmamdq-rhmdw.f- ”‘:“"”"“':"’;:

G Now dosiowed guuge bovend -« comstiteents of matter and by the
- D Semmary %“c “‘.“ of the fund cal ”0 wint for the choice of
t:,m C m.Mfo-t-leMc‘ 40



- Theory
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: A.Djouadi Phys.Rept.457:1-216

g
1IN -
GF H— WW,ZZ,yy, (bb),7t
9 93

alpp — H + X) [pb]
\.T 14 TeV
MRST/NLO
T 178 Ge\

| Typical uncertainties on cross-section
gg 5% NNNLO
VBF <5% NN(n)LO
WH,ZH <5% NNLO

nH 10% NLO

These production cross sections have to be used

with the decays bb, v, WW , ZZ , vy
2 i §

channels with good mass resolution




A.Djouadi Phys.Rept.457:1-216

Width smaller than ‘leptonic/y resolution’

zone favored by (pre-LHC) data

For my ~ 125 GeV the
width is about 4 MeV
corresponding to ~ 10-°° s
and ~100 fm
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On the Theory of superconductivity

V.L. Ginzburg (Lebedev Inst.), LD. Landau (Lebedev Inst.) (1950) Fta i Flw + & |q]|g + -g- |Wl4 (6)
Published in: Zh.Eksp.Teor.Fiz. 20 (1950) 1064-1082

Superconductivity and Elementary Particles From Superconductors to supercolliders
D.A. Kirzhnits (Lebedev Inst.) (1978) Lance J. Dixon (SLAC) (1996)

Corfou 29 08 2022 44



Quasi-Particles and Gauge Invariance in the Theory of Superconductivity®*
Yoscmo Nasgr
The Emrico Fermi Inntitute for Nuclasr Studies and the Deparimeni of Physics, The Undversity of Chicage, Chicago, Illinsis
(Received July 23, 1959)

The Axial Vector Current in Beta Decay ().

M. Grir Naxs (™)
Collige de Prance and Eoole Novmale Bwpéricure - Pariz ("%
AXIAL VECTOR CURRENT CONSERVATION IN WEAK INTERACTIONS®

Yoichiro Nambu AL Lkvy
Enrico Ferml Institute for Nuclear Stodies and Department of Physics Foeulle dev Seiences, Grscy, and Eeole Normale Supbriewse - Poriv (%*)
University of Chicago, Chicago, Illinois

(Recelved February 23, 16604 tricevuto &l 10 Fehdamio 1000}

Field Theories with «Superconductor » Solutions.

J. GOLDSTONE
Dynamical Model of Elementary Particles Based on an Analogy

with Superconductivity. I* CERN - Geneva
Y. Nawnu awp G. Jowsa-LasiNiot
The Enrico Ferwi Institute for Nucleor Studies omd the Deportment of Phyrics, The University of Chicage, Chicage, Ilinois (rioevnto I'S Settembre 1660}

(Received October 27, 1960)

Dynamical Model of Elementary Particles Based on an Analogy
with Superconductivity. IT*

Y. Nawnvu axp G, Jowa-Lasmwot
Enrico Fervel Institute for Naclave Stwdies and Deparsment of Physics, Unisersidy of Chicago, Chdcogo, Iineis
(Received May 10, 1961)

Broken Symmetries*

Jermey GoLperoys
Triwily Callege, Combridee Unizersity, Camviridge, Englawd

AND

Anves Satas axo Stevexw Waxmmesct
T perisd Calioge of Scdance and Techmalogy, Loudew, Hngland
(Recedved March 16, 1962)

Corfou 29 08 2022 45



Coherent Excited States in the Theory of Superconductivity : Gauge
Invariance and the Meissner Effect

P. W. Asoxrson
Ball Tdephone Labaratories, Wwrray Hill, New Jarrey

(Rocived January 27, 1958)

Random-Phase Approximation in the Theory of Superconductivity*

P. W. ANDERSON
Bell Telephone Laboratories, Murray Hill, New Tersey

(Received July 28, 1958)

Plasmons, Gauge Invariance, and Mass

P. W. ANDERSON
Bell Telephone Laboratories, Murray Hill, New Jersey
(Received 8 November 1962)

Corfou 29 08 2022
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PARTIAL-SYMMETRIES OF WEAK INTERACTIONS

SHELDON L. GLASHOW
Institute for T heoretical Physics, University of Copenhagen, Copenhagen, Denmark

Received 8 September 1060

ELECTROMAGNETIC AND WEAK INTERACTIONS

A.SALAM and J. C. WARD *
Impevrial College, London

Received 24 September 1964

Corfou 29 08 2022
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Condensed matter physics

SSB = Spontaneous Symmetry Breaking :There are symmetries
of the Lagrangian that are not symmetries of the
fundamental state (vacuum)

1928 (Heisenberg) For T<T . dipoles

are aligned in some arbitrary direction 10

1950 (Ginzburg Landau) : phase
transition in superconductivity

1957 (Bardeen, Cooper, Schrieffer)
SSB of EM gauge invariance
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Particle physics - strong interaction (global symmetry)

1959 (Nambu Jona-Lasinio) : SSB transmitted from condensed
matter to particle physics
SSB of (global) chiral symmetry — pseudoscalar boson n’
massless boson if exact symmetry

1960 (Goldstone) : generalization : SSB of continuous global
symmetry — massless (Nambu-Goldstone) bosons

L= é)“'(,DTC)# O — V((I)TC))

V((f)-‘.(f)) = /120’3‘(‘.)_'_)\(O'i'(;))2; A >0 and /12 <0 o

and massive boson massv(-2 1) \
o = f,(600) \

Louis Fayard 7-9:



Particle physics - strong interaction (local symmetry)
1964 (Brout,Englert, Higgs, Guralnik, Hagen,Kibble)

SSB of gauge symmetries

The BEH mechanism : no massless particles
massive gauge bosons

mass of gauge boson acquired by ‘eating’the N-G boson

one massive particle V' (-2 u?) : BEH boson ( or Higgs boson)
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BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS*

F. Englert and R. Brout
Faculté des Sciences, Université Libre de Bruxelles, Bruxelles, Belgium
(Received 26 June 1964)

The interaction between the ¢ and the A , L
fields is and causes the A " field to acquire a mass

=4 T w—elo® p? =e*(g,)%.
”lnt :eAuw Ou(p e‘y ¢A“A“, 1

where ¢ =(¢, +i@,)/V2. We shall break the
symmetry by fixing (¢) #0 in the vacuum, with

the phase chosen for convenience such that
(@) =(p*) = (@) V2.

1li ’
Francois Englert

Fabiola Gianotti




Field Theories with «Superconductor» Solutions.

J. GOLDSTONE

Plasmons, Gauge Invariance, and Mass CERN - Geneva
P. W. ANDERSON
Bell Telephone Laboratories, Murray Hill, New Jersey (ricevuto I'8 Settembre 1960)

(Received 8 November 1962)

BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS*

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

BROKEN SYMMETRIES, MASSLESS PARTICLES AND GAUGE FIELDS (Recelved 26 June 1964)

P. W. HIGGS
Tl Institute of Mathemalical Physics, Untversity of Edinburph, e otland

Received 27 July 1964

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS

Peter W. Higgs
Tait Institute of Mathematical Physics, University of Edinburgh, Edinburgh, Scotland
(Received 31 August 1964)
GLOBAL CONSERVATION LAWS AND MASSLESS PARTICLES*

G. S. Guralnik,t C, R, Hagen,! and T. W. B. Kibble
Department of Physics, Imperial College, London, England
(Received 12 October 1964)

Spontaneous Symmetry Breakdown without Massless Bosons™

Perer W. Hicesf
Department of Physics, University of North Carolina, Chapel Hill, North Carolina
(Received 27 December 1965)

Symmetry Breaking in Non-Abelian Gauge Theories*

T. W. B. KiBBLE
Department of Physics, Imperial College, London, England

(Received 24 October 1966)
A MODEL OF LEPTONS*

Steven Weinbergt
Ty . Laboratory for Nuclear Science and Phym.cs Department,
Abdus Salam (Imperial Coll, London and ICTP, Trieste) (May, 1968) Massachusetts Institute of Technology, Cambridge, Massachusetts

Published in: Conf Proc.C 680519 (1968) 367-377 - Contribution to: 8th Nobel Symposium, 367-377 (Received 17 October 1967)




Particle physics - weak interaction (local symmetry)

1967 ( Weinberg Salam) Electroweak theory of leptons
SUQ2), x Uy — Uy,
* Three massive bosons : Wand Z
* One massless vector boson : photon y
* One massive scalar boson : BEH boson H
* massive leptons by Yukawa couplings to BEH boson

1970 ( Glashow, Iliopoulos, Maiani) introduction of quarks
in theory

Faddeev,Popov,’t Hooft, Veltman,Lee,Zinn-Justin,Becchi,
Rouet,Stora, Tyutin : renormalizable theory
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Mass of the 4 scalar bosons

positive
W and Z mass = 0
fermion masses =0

N

10—10 § -

Mass of one scalar (BEH)
boson positive
W and Z mass positive
fermion have their masses

F U

b - - -—

—
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M Early Phenomenological Bounds

e e M Yo B 18 N

|* Emission from stars: e W Emnten v ¢
My > 0.7 m, (Sato & Sato. 1975) Gt e e K P

i A %

* Neutron-electron scattering:

M;; = 0.7 MeV (Rafelski, Muller, Soff & Greiner;
Watson & Sundaresan; Adler, Dashen & Treuman, 1974)

|+ Neutron-nucleus scattering:
| M, > 13 MeV (Barbieri & Ericson, 1975)
* Nuclear (0" — 0" ransitions:
M = 18 MeV (Kohler. Warson & Becker. 1974)

J.Ellis Higgs Hunting 2011



Phenomenology of scalar boson ( theory)

Is There a Light Scalar Boson?

L. Resnick, M. K. Sundaresan, and P. J. S. Watson
Department of Physics, Carleton University, Ottawa, Canada
(Received 28 July 1972; revised manuscript received 2 January 1973)

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

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

Received 7 November 1975
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Higgs Boson on the Experimental
Agenda

s Searches at LEP:

(EG. Yellow report 76-18)
cece=>»/Z+H

(EGN 76, Toffe & Khoze 78. oot T

o0 Dharpwd Aateimedi Bte Baaen sivds b

HGO‘ o_hmmm & Thacker .Nd 3« Mgy banes prosurtion
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o N * m -+ —.—..7:0 7 « Mgt seter sosh oMects

151 < ey ivterections
1L o Lmining Poi sow gonid Shrasraids

Amm 76, w.wO—‘Wﬁu ~@ﬂmv O PR O R r—
o My, > 114.4 GeV .

Compurioen of o"¢" enalniionion PELL I S ST R PP
for U pindntinn of banvy soie 2h et

Bl - i fying staeng, woh wnd alogtipmmpntic Intarmtiors. ,
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Higgs Boson on the LEP Agenda
ce PZ+H[ |[ |22 H+p'w
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JE & Gaillard, 1976
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J. D. Bjorken, in Proceedings of the 1976 SLAC Summer Institute on Particle Physics,
ed. M. Zipf (SLAC Report No. 198, 1976) p. 22;

B.L. loffe and V.A. Khoze, Sov. .J. Part. Nucl. 9 (1978) 50;

D.R.T. Jones and S.'T. Petcov, Phys. Lett. 84B (1979) 440;

arXiv:hep-ph/9502283v1

J. Finjord, Physica Seripta 21 (1980) 143.

HEAVY HIGGS BOSONS AT LEP

D.R.T. JONES
CERN, Geneva, Switzerland

and
S.T. PETCOV

CERN, Genera, Switzerlad VBF process

and Institute of Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, Sofia, Bulgaria

Received 30 April 1979



Phenomenology of scalar boson ( theory)

Higgs Bosons from Two-Gluon Annihilation in Proton-Proton Collisions

H. M. Georgi, S. L. Glashow, M. E. Machacek, and D. V. Nanopoulos
Lyman Laboratory of Physics, Havvavd University, Cambridge, Massachusells 02138
(Received 27 December 1977)

We estimate the cross section for Higgs-boson production in proton-proton collisions.
We find that most of the cross section comes from a two-gluon annihilation process, in

which the gluons couple to Higgs bosons via heavy-quark loops.

“Low-energy theorems for

Botone Higgs meson interaction with

B A. |. Vainshtein, M. B. Voloshin, V. I. Zakharov, and M. A. Shifman
Institute of Theoretical and Experimental Physics of the State Commiizee on Atomic Energy

(Subemitted 21 May 1979)
Yad. Fiz. 30, 1368-1378 (November 1979)
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Secarching for the intermediate-mass Higgs boson

Joba F. Gunicn
Physics Department, Usiversity of Callfornia. Dawts, Callfornie 93676

Pat Kalymak
Physics Depariment. Corleton Usiversity, Omaus, Owaario, Canads KI5 384

M. Soldate
Sanond Linewr Accelerator Cenier, Stanfond University, Sionford. Calijfornia 305

Peter Galison
Physics Depariment, Ssanford Universily, Stenford. California NI05
{Recewved 3O September 1955)

We study the fenuibality of Setecting a newtral Higgs boson 175, with mass between 1 m, w30 GeV
by assumption) and 2m e of an ¢ ' ¢~ machine or the Seperconducting Super Collider SSCL. Back-
prounds 5o the production ot sa ¢ "¢~ machine of N° n associanon with & Z are caloslased with
parvicelar emphasis on the case when my mm,. We present & detalled survey of the signals for and
backgroends 1o the imclusive or smaciated production at the SSC of N* followed by the decay of H°
1080 one of the avadadle channels. There is 50 signature which & essablished 10 be idesnifiabie at the
SSC. Only a few ugtatores remais 10 be wbadiod, and the further calculstions of mest immediate in-
lerest are pointed out.

SEARCH TECHNIQUES FOR CHARGED AND NEUTRAL
INTERMEDIATE-MASS HIGGS BOSONS*

I F GUNION
Department of Physics, U.C. Doers, Daves, CA 935616, USA

G.L. KANE and Jose WUDKA
Randall Labovaroey of Phisics, University of Mickigan, Aan Arbor. MT 48108, LSA

Received 12 October 1957

J.Gunion G.Kane
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- Experimental developments, including
detectors, magnets

Corfou 29 08 2022
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November 1988.

SSC approved at a new site: Waxahachie, Texas,
Fermilab loses the competition for hosting the SSC

* 1988 SSC approved, proton-proton, 20 TeV/beam, 87 kmi numel. cost 4-5 B USS,
1989 SSC constuction starts

* 1993 SSC discontined by the US Cong after a bitter discussion which mvested
all the sciennific commmuity (projected c&ws. > B USS spent)

"ﬁ-. %-‘-z - ———— -
> .‘*.o;.‘.,."' T,
LAt o8 Lol

-

;mﬁmaxm'o the [ abcu:)q m:-ua Shaft to the SSC numei di SSC, Jocated at abowt 10
Fernalab has wot been chosen as the SSC site, mecters "“1“3’0""3' The plaaned tusnel had a
FNAL Visual Media Service. cucumference of 87 k.
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1994: LHC 1s approved

» the cancellaton of the SSC programme (1993) made a real shock-wave m Ewrope,
firing back on particle physics and CERN.

e Top quark chscovery (1994) had a very good balancing effect (as seen from Italy)

e the first prototype of the 11 m superconducting LHC magnets was dehiverd 1o
CERN in Dec, 1993 and presented to CERN Council m March 1994, with a very
positive effect

* On the basis of the SppbarS and LEP successes, CERN project was approved in
December 1994

"W OOLLARCRATION OM LG %{:d;;;-\u !
T PROTOTYPL . MERMME DM Purcpa Metall
< WE Jonon y _ ;
First prototype of 15 m superconducting LHC
dipole by CERN-INFN-Ansaldo Energia

collaboration, 1998,

Higgs Huntng 2021 L. Mamm. How did we get there



from LEP to LHC
i the same tunnel

LEP, July 1989-
December 2000




[LHC agreements: 1995 to 1997

Chris Llewellyn Smath (right), with Hubert Curien,

¥ Presydent of Councal (center) receives a Danuna Doll from
Kaom Yosano, Japan Muuster of Edncation. Science and
Culrure, Juake 1st 1995 at the signatue of the Japan-CERN
N agrecment for Japan participation i LHC (machine and
SXPEIISnNS,

Siznature of the USA-CERN agreement for the US
participation tn LHC (maching and experumnents),
Washigton 8 december 1997, From left: Neil Lane.
Director NSF, Fedenco Pena, Secretary for Energiy,

AgIeements were "““kt;mh several Luciaso Mazani, President of Council. Chris Liewellyn
other fountries. among . Smith, Director General of CERN,
® Russia: warm magnets for the bean -

tansfer hipe from SPS 1o the LHC
{over 150 MCHF)

¢ India: bardware, software and skilled
superconductor munpower

o Pakistan: detector construchion
(RPC); barrel yoke (35 tons) for the
CMS detector

Hings Husting 2021 L Musani How dsd we et there 9



The December 1996 resolution

*CERN Cotncil came biack to LHC in december 1996

oThe new resolution approved to start LHC construction tn 1997, i the final stage of full
magnets

*Al the samne tie. Council accepted the request of Germuny fo reduce the annnal CERN
budget by some 8%, a total of about “00 MCHF over the construction period

*CERN, accepted the cut, to be reabsorbed by a general reduction of the Laboratory
expenses. within 2009,

« The starting of LHC was fixed to 2008,

oL HC had no more contingency and no resomrces for magnet R&D

*Chns had fulfilled his goal to obtain the approval. at the expense of moving the problems

forward m tune Was to fire back in 2001

s The community, myself included, was anyway satisfled for the approval. Physicists of all
countries started preparing the detectors, leaving to CERN the problem to make the
machine under financilal severe conditions.

CERN persommel protest against budgzet
cuts requested by CERN Council to
spprove LHC construction. December 1996

L Masami Haw dhd we et there Lo



To prolong LEP runmmg for one vear, requured to stop the LHC cwil
works for the conmection of SPS to the LHC tunnel, with an estunated cost
of ~ 120 MCHF, to be added to tbe ovcmll LHC budget
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4. The cost-to-completion crisis

slny summmer 2001 we recerved the rephies to the call for making the 1232
magnetic dipoles. the biggest contract, and the cost of the escavation of
the ATLAS and CMS halls could be made with good approximation

oA conference of the groups dedicated to LHC construction was made and
a cost to completion conld be estumated rehiably

oit the same time, we could make a cost estunate for the upgrading of
CERN mfrastructures needed to host the LHC, obtanung a realistic cost-
to-completion of the whole project,

*\We presented the result to the Finance Commutte, 19 Sept. 2001.

oA shortiall of money was found, with respect to the projected budget, and
a big cnisis started. which lasted until the end of 2002

Higos Huntig 2021 L Maiamt How dad we pet there it



The LHC extra cost to

completion:
main figures

ated to the Finane
Comnnutte
March 2002

Sept.19 The model lolivwing B cout teview and the sssumpsions sbove aie

'.‘m LMC sdace st soess sonstiscnsn N0

130 Peotmrang e

CHERN share of detector construstion and MSO %0

LHC Ingctors «2n0

120 || LHE computing Phase It « 1200

LHC indrmtructure and suppoctt ” {machine & detectors) <302

Mmu‘—d « 0

* 3502

O foe LHT pescotyping foves 2005-2002) 430

Cot in R&D -5

Ot 1D Conuoad son ~180

)

Balsoce « 004
& ==

=]0

Krw-uunu"m - " ubutp-.t
acd the relased CHIDN Sdvummuctas

Further Assumptions:
Special Iodexanon of Host States stops after 2008

Frons 2006 cowarnds indexanico keeps purchasiag power




... a tough cure, a balanced package

In very rough figures:

o savings: reduction in science programme with recuperation of
manpower, rescheduling (required anvway by cable production
rate) ...more spending control.. (about 300 MCHF)

o extending repayment period from 2007 to 2010 (about 400 MCHF)
o CERN came out leaner but more focussed. ..

Hepps Hunting 20201 L Maian: How did we get thers o



CMS Silicon Tracker

The Silicon tracker (200m?) has 10 M channels
Operating temperature -15°C




CMS solenoid

B=38T

Diameter = 6m

Stored energy = 2.6 GJ
Magnetic length = 12.5 m




Forward CMS hadronic calorimeter going down



The ASCOT and EAGLE proto-collaborations both presented detector
concepts with a toroid magnet configuration for the muon spectrometer
at the Evian meeting

From their Expressions of interest

E AL\’L E - Hod o

Covimelery

ey

M Colonmeters Drlector
Muen
11 Formard Letecton
B o L SoNomelers
ASCOT with a superconducting air-core EAGLE with warm iron barrel and
barrel and warm iron end cap toroids end cap toroids
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The barrel superconducting toroid of ATLAS
(A Toroidal LHC Apparatus )




LAr EM
calorimeter
construction
1999 - 2004

First prototype of a
novel LAr concept
(‘accordion’ 1990) Mo
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Calls in Layer 3
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presampler and longitudinal segmentation of the EM
ATLAS ( Liquid Argon ) accordion calorimeter



ATLAS
inner detector

TRY <

electrons can

do some
bremsstrahlung

in the

Inner Detector 4
=> response

Outside are installed the calorimeters
and the muon detector

rR-1mnmm
\/ converted )/ into e+ e

o

TRT

LR * sum

FRtsum V< non

more complicated

convert
= more
complicated than a

photons can R 1228 wm
Puels

R = 443 mm & ~ e converted
R =371 . e®
o’ Y
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¢ good jet rejection essential (to reduce yj and jj backgrounds)

The granularity of the CorTT.
electromagnetic
ATLAS detector is

very useful to reject
the n’ bakground

opening of photons coming L

from a 7’ (p;=50 GeV)

|AR >.006 ~ 2 m(n”)/pT(no)l

,.:,“"_‘(:'::f: h} / o ,':,,,,n.u '
in-‘ _..: ' Mesans =n . ol granularity of
- o | It sampling
“ g"’:’*""‘*‘ Ul] I] [H} ""'ﬂ“"' L s of calorimeter
o iy asli o s o Pl

o —n w2 A ~.003
i " 3.; "'.I.*T;"'J:".J. ‘u-:.:‘r_ : he BRa e Ok "”m &3




Photon identification

. reminder: opening angle between the two
with shower shapes

photons of a 7’ of p =50 GeV'is > 0.006
to be compared with size of strip calo
I*' sampling ~0.003

n" candidate passing “loose”, faitling (tight™ selection

ATLAS fight

EXPERIMENT selection
AR uses
mainly
calo
Ist

sampling

84




Photon candidate passig “tight” selection

CATLAS

EXPERIMENT

Mee Nt 155000 Eerd Nt 400N

e 0BT 125 B CESTY

Nice shape in first sampling of EM calormeter



The dashed tracks

are invisible to

the detector
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© F.Gianotti

ATLAS

Air-core toroids + solenoid

MAGNET (S) | 4 magnets

Calorimeters in field-free region

S1 pixels+ stnps
TRACKER I'RT — particle identification
B=2T o/p; ~ 5x10° p,® 0.01

Pb-liquid argon o/E ~ 10%/VE
EM CALO longitudinal segmentation
HAD CALO _.c-“ﬁn:%o_. | ﬁ_..w-,:..zzzw argon (10 &)
o/E ~ S50%VE @ 0.03
MUON Air = o/p; ~ 7 % at | TeVstandalone

Solenoid
| magnet
Calonmeters inside field

Si pixels + strips

No particle identification
B=4T

o/pr ~ 1L.3x107 p, @ 0.005

PbWO, crystals o/E ~ 2-5%/VE
no longitudinal segmentation

Cu-scint, (> 5.8 A +catcher)
o/E ~ 100%VE @ 0.05

Fe = o/p, ~5%at | TeV
combining with tracker




3. Normal sufferings...ground freezing at the

CMS shaft
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HERA

TEVATRON

Comparison of dipoles from the Tevatron to the LHC.

Taken from: Lucio Rossi (2011): Superconductivity and the LHC: the early days
Corfou 29 08 2022
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©L..Evans 4-12-22

Dipole magnetic flux plot
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Cryogenic operation of LHC sector
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Interconnection of 2 magnets




Collateral problems : movements of magnets
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First experimental note on scalar boson search at LEP

DESY 79/27
May 167G

THE PRODLCTION AND DETECTION OF MIGGS PARTICLES AT LEP
WA , - - )

G. Bardiellym - THEY, Prasoate aws CERN

G. Bonneauwd - e doury ar

G Cr,iq“.e-'. LAFY, Amndcu 'e-uiemis
J. ENlis - ¥ L

M. K. Gaillard LADD, Anvecy=la=iawss
), F. Grivaz v AL, Orscy

C. Matteuzz -

B. M. Nillk -
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H — 7y vy (historical mode)

Photon decay modes of the intermediate mass Higgs

ECFA Higgs working group
C.Seez and T, Virdee
L. Dilella, R. Kleiss, Z. Kunszt and W. 1. Surling
CERN 90-10
Presented at the LHC Workshop, Aschen, 4 - 9 October 1950 ECFA 90-133 L. Fayerd
by C. Seez, Imperial College, London, Volume I G- Una?
3 December 1990 EAGLE WNofe

PHYSICS - NO-00T

A Tepaort 8 grven of stucies of:
dzecember 1991

(@) H -> yy (work dooe by C. Scez and T, Virdoe)
BIWHo> n(wgrk coae by L, Dilella, R Klelss, Z Kussrt and W. J Starling)
for Higgs bosons in the intermediale mass range (90< myp<150 GeVic?) SEARCE FOR HIGGS DECAY INTO PHOTONS WITH EAGLE

The study of the two photon decary mode I5 descerived in detall,
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Figwre 4 Reconsrucsed mass plou for Niggs bosom, myw 100G eVied
(a)smeared by: calorimeser energy resolasion of A E « 2% VESO 5%
(B)smeared by colorimeser energy resolanon of ADE«TSIES] 0%
(€) pmeared y: pllesp energy from. o average, 10 inseractions
(&) sweared &y boss of knowledge of the versez posinen (=SS cm)

was studied at the LHC
for more than 20 years
( and even before at the SSC)

A Seez J.Virdee G.Unal



H — 41 ( gold plated mode)

Proceedings of the Summer Study on
High Energy Physics in the 19908,
5-’

Datie BT < Jely 10, 1968 35,
Hrom Trass. Coloracdo e
fwg L S3ug

Leme vy

Editor
Sharon Jensen

SEARCH FOR H — Z*Z* — 4 LEPTONS AT LHC CERN 90-10
ECFA 90-133

Higgs Study Group Volurne 11

M. Della Negra, D. Froidevaux, K. Jakobs, R. Kinnunen, 3 Decper 1990
R. Kleiss, A, Nisati and T. Sjostrand

In Section 2, we discuss the simulation of the Hi i
Z, ) ggs signal, and we stud
backgrounds from tt, Zbb and Z*Z*, Y*Z*, in Section 3. Finmally, 1gn Section 4, we pgesclﬁ
and discuss the results, and we conclude in Section 5. ’
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Testing the Higgs sector of the

0 PN T T Y ey
» i ‘ e 100 Ce¥

supersymmetric standard mode 1§ 9 '.
hadron colliders R 1

Z. Kumsat s '°-; , W
Trstirae of Theoreticad Physics, BT Zarwh, Swe, a Lo 4
F. Zwimer * { \' 4

Tawony DNvissos, CRARN. Gonera, Swisserian 3 X i
Received 31 March 1992 N ::_.‘ R W S e e
Accepted S pablication & by 1992 Rl 100 ) 300 0
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(g, i B) plase. for s, =1 TeV and () w, = 120 GeV, W) m, = 160 GeV. The solid bnes

couresponsd 30 the present LEP 1 it The dashied lines correspond 10 #10 " ¢™ < A2 HZ hA 1AL -
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The dmb-doticd lses cormespond & ofe "¢ o b2 HZ, hA HAY = 005 pb at i = 190 GeV, which
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Estimating the Mass of the Higgs

* Electroweak radiative corrections are sensitive 1o
‘massive particles:

T

{1+ Ar)

" o
Mg SiN° By = % cos” By sin’ By =

2.:.

» Sensitivity to the top quark mass >> sensitivity to
Higgs mass:

;whch. 2 vas ..————-— »\: v ’N
~. — '!Dl.' - > :- ’

* But LEP measurements gave an B&Bno: for a light
Higgs even before the top discovery

JE. Fogh & L5y, 1990/1

J.Ellis Higgs Hunting 2011
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comparison between LHC and Tevatron :
gg cross section atleast 10 x higher at LHC
backgrounds to WW , ZZ , yy are  gbar annihilation

( Remember Tevatron was a p pbar collider)
— S/B better in these channels at LHC than at Tevatron
however it is worse in associated modes &




Low mass VBF

2 high p, tag jets at
large rapidity

VBF was used for high mass searches but was
used (on Monte-Carlos) at low mass at the end of the 90°s
D.Rainwater and D.Zeppenfeld JHEP 9712 (1997) 005
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Observation of a BEH-like boson decaying into two photons with the ATLAS detector at the LHC

Nansi Andari(Orsay, LAL) (Sep 26, 2012)



