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else that takes the role of the "standard" Higgs particle,
perhaps a family of several Higgs particles or something
even more exotic. The unexpected is always the most
exciting.

27 min: Two bookings in a minute. First Xabi Alonso for a needless
rake across Messi's shins, then Alexis for a pointless hack on Di
Maria. It's been played in a good spirit so far, but there we are with
the first signs of #t kicking off. Again, | suppose I'm duty bound to say

we don't like to see this sort of thing, but we sort of do, don't we. 1.33pm: Watching Fabiola's presentation, particle physicist

@TaraShears has tweeted: "So this channel excludes 114-115, and
135-136 GeV. #higgsupdate"

29 min: Dani Alves cries murder after Marcelo clatters into him. The
referee sighs wearily. There's an edge now.

30 min: GOALI!l Real Madrid 1-1 Barcelona. This was so simple, - It's worth following Tara (and our own @jonmbutterworth) if you want
and so briliant. Messi, from the centre circle, drives down the middle, real-time updates on Twitter. Jon's latest: "126 GeV... (probably)
drawing three white shirts. He eventually slides a pass down the i #higgsupdate”

inside-nght channel to spring Alexis free. From the edge of the box,
just to the right of goal, Alexis whips a low shot straight into the
bottom-left comer. Casillas had no chance. That came from nothing.
Barca, who have been poor so far, are right back in this! Ronaldo will 1.43pm: From Cern: "#ATLAS sees a small excess at a Higgs mass of
rue that useless shot of a few mintues ago. 126 GeV coming from 3 channels. Local significance: 3.6 sigma but only
2.4 sigma globally"

Also from Jon: "That 126 GeV was where the ATLAS excess Fabiola just
showed is. Not conclusive, but suggestive. ZZ and CMS to come..."

33 min: All of a sudden, Barcelona's pretty trangles are sticking to

feet. Their confidence is back, after being knocked to buggery in the s That's not enough for a "discovery” (which techically needs 5 sigma) but
opening 21 seconds. "As a result of GB being cut off from all things ," d it is very interesting evidence for the Higgs.

eurozone by the mighty bluster of our PM, | fear this is the last el -

classico the Guardian will be allowed to cover. Soon a euro-sceptic Also: "#ATLAS excludes a #Higgs mass between 131 and 453 GeV at
curtain will descend behind which the UK and and a trapped Tevez 95% confidence level at #CERN Higgs seminar”

. -
-- -
o an e geriComms, St ues fe et fat kL Ive b I og com me nts 1.49pm: Fabiola Gianotti has finished her presentation. So far, we know

was, with lan Copestake, the David Frost de nos jours.
that Atlas seems to have found evidence for a bump around 126GeV for

50 Cha”e."ge with Xabi y th e G u a r’d ia n something that looks like the Higgs.

35 min: Dani Alves leaves his foot in a 50-




Het Higgs mechanisme

Massieve kracht(deeltjes) in een
lokale ijkinvariante theorie

SUR2), ®U1), ®SU(3),

dan moet er een Higgs boson zijn
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Hoe ontdek je het Z-deeltje ?

Afwijkingen van voorspelling zonder Z-boson

2-muonen gezien in ATLAS

QATLAS 2

5 ) N l
2 EXPERIMENT (‘ raTA

Date: 2010-05-10 02:07:22 CEST _
| vl Wl

pW) =27 GeV n(u)= 07
P(H") =45 GeV n(u) = 2.2
M, =87 GeV

Wat is de ‘vingerafdruk’ van het Z-deelije:
- de massa van het 2-muon systeem
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Massa 2 muon-combinatie

Z-deeltje

‘overig’

40 50 60 70 80 90 100
Massa 2 muon-combinatie (GeV)




De massa van het Higgs boson

350 400 450 500
Higgs boson massa (GeV)




Hoe maak je een Higgs deeltje ?

Krachtdeeltjes Bouwstenen

Massief deeltje ?

Massief krachtdeeltje ? _
... dan koppelt het aan de Higgs!

...dan koppelt het aan de Higgs!

Lepton, quarks

Anti-lepton,
anti-quarks




Hoeveel Higgs bosons zijn
er geproduceerd in 2011 ?




‘gewoon’ even uitrekenen

FIG. 1: The potential V(3) (¢ = ¢1 + 1¢2) plotted for an arbitrary positive value of A and for an
arbitrary pesitive (right) or negative (left) mhue of 2.

braken, and new interesting features emerge. To be more specific, let's pick the following
dy minimum (along the direction of the real part of ¢, as traditional) and shift the & field
aocordingly:
AR
do= (-ﬁ) =7 dx) =do+ TNIII) +ida(x)) . (5)
The Lagrangzn in Eq. (8) can then be rearranged as follows:

L= —%P’F,, + %g’u’A"A, +%(0~¢.)’ +ptdi+ %(zm,)’ +guA, Fdy+...  (6)

masive vecter fald rasasivs scalae Bald [ERERT—

and now contains the correct terms to describe 1 massive vector field 4% with mass m’ = g*v®
(originating from the kinetic term of £3), 3 massive real scalar feld &y with mass my, = 2%
that will become a Higgs boson, and a massless scalar field ¢, 2 so called Goldstane bason
which couples to the gauge vector boson 4%, The terms omitted plings bet

the &y and dy fields irrelevant to this discussion. The gauge symmetry of the theory allows

contain ¢

us to make the particle content more transy t. Indeed, if we § terize the complex
scalar feld & as:

. e vy 1

&x) =w(v+3(r)] — 7!("+ H(x)) , (n

the y degree of freedom can be rofated away, as indicated in Eq. (7), by enforcing the U(1)
gauge imvariance of the onginal Lagrangian. With this gauge choxe, koown as unitary gauge
or unitarity gauge, the Lagrngian becomes:

c=£A+99

AFAL + = (o-ya,,n + 2l HY) . (8

a factor of two, making therefore almost a factor of four at the mte level. All other mass
corrections, in the matrix element and phase space entering the ealeulation of the H — QQ
decay rate, can in first approximation be safely neglectad.

4. Loop induced Higgs boson decays: H — vy ,1Z, 99

a factor of two, making therefore almeost a factor of four at the mte level. All other mass
corrections, in the matrix element and phase space entering the calculation of the H — QQ
decawy rate, can in first approximation be safely neglected.

4. Loop induced H(T boson decays: H — vy, 1Z,qa

B, the Hyy and H+Z couplings are induced at one loop via both a
bop. At the lowest order the decay rate for H — v can be written

2

CraMi S NG )+ A o)

128,77

f = 1l.g mpectm]y], Q7 15 the charge of the f fermion species,
1on f(7) 1 defined as:
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_ | awean’ o r>1
¥r) {-1[1 {;"F—m]a r<l,
and A% are given by:
r+(1-7f(7)] .
—[2+8r+8r2-7)f(7)] .

(102)
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(108)
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A ()
decwy rate for H — ~Z 15 given by:

3
MG M (1 _ %) #A;’[q, Azl 'f'A%["'W"\W)

hd A, = AM2/M2 (i = £ W), and the form factors A)’,'(r, A) and

(104)

2
' (105)

- 2!\'!2&’%"‘:‘3‘!"_.’% Hy(m ) = Iofr, N)] (106)
ot {1 B+ e
+4(8 - tntéw ) Io(r. )} (107)

|efined after Eq. (102), and I{ is the weak isospin of the f fermion

2
—+,(,”+*A),mr) 1+ ,m[s[r] )] .

Ilue H~~y and H+Z couplings are induced at one loop via both
At the lowest order the decay rate for H — ~7 can be written

2

Cratlty L[N + M)

) = 128,731
l.g mpectm]y], Q7 15 the charge of the f fermion species,
fi(7) 1= defined as:

(102)

arcain® — r>1
m= { —-} [ln{?;g— iﬂ]a T <_l \ (109
H A% are given by:
Af = 21+ (1-9)f(7) . (104)
Br) = —2+87+8r2-7)f(7)] .
by rate for H — +Z 15 given by:
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h, = AM2/M2 (i = £ W), and the form factors A:,’(r, A) and
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d after Eq. (102), and I{ is the weak isospin of the § fermion
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Hoeveel Higgs bosons zijn
er geproduceerd in 2011 ?

m,, = 120 GeV: 60.000
m,, = 200 GeV: 30.000




Hoe kom je weer van een Higgs boson af ?

Krachtdeeltjes Bouwstenen

Massief deeltje ?

Massief krachtdeeltje ? _
... dan koppelt het aan de Higgs!

...dan koppelt het aan de Higgs!

Lepton, quarks

Ieptonhqgaés

Anti-lepton,
anti-quarks

Anti-lepton,
anti-quarks




Stand van zaken voorjaar 2011

Indirect:
Theorie: m, < 600 GeV

Electrozwakke precisie-

114.4 156 177 metingen: m,, < 185 GeV

uitgesloten
door LEP

350 400 450 500
Higgs boson massa (GeV)

Experimenten bij de LHC gevoelig in het gebied 114-1000 GeV



De duidelijkste vingerafdruk van het Higgs boson

Voor elke massa zijn er meerdere kanalen: dit zijn de belangrijkste

—p Q h—>2 fotonen

—> . h->W*W-->2 leptonen en 2 neutrinos

© h>zz>4 leptonen

uitgesloten
door LEP
H—+—++++++++++++t+t++t++ -+ttt

50 350 400 450 500
Higgs boson massa (GeV)




uitgesloten
door LEP

Hoge massa’s: my > 200 GeV

- 4 leptonen (e/u)
- Erg zeldzaam: Higgs of ZZ

4-lepton massa

© nh>zz>4leptonen

350 400 450 500
Higgs boson massa (GeV)




Run Number: 183081, Event Number: 10108574
Date: 2011-06-05 17:08:03 CEST




Higgs 2 ZZ - 4 leptonen

klein aantal schitterende botsingen

4-lepton massa

ATLAS Preliminary
my = 190 GeV

ents/10 GeV
o o

my = 150 GeV

‘overig’ 52 events v
Met Higgs 68 events

4-lepton massa (GeV)




Midden-regio: 130 < m, < 200 GeV

h-> WW-> I*vlv

—> ‘ h->W*W-->2 leptonen en 2 neutrinos

- veel voorkomend type botsing
- Lastig te isoleren

uitgesloten geen (geen piekje)
door LEP

350 400 450 500
Higgs boson massa (GeV)
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Het mogelijke Higgs signaal is goed verborgen

Transversale impuls lepton

ATLAS Preliminary ® Data
B ww
O
B Z+jets
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Transversale impuls (GeV)
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Hard werken ... en slimme nieuwe ideeen zoeken

Veel slimme studenten nodig ... hebben we gelukkig ook



Het mogelijke Higgs signaal is goed verborgen

Transversale impuls lepton Transversale massa

ATLAS Preliminary ® Data
B ww
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B Z+jets
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De laagste massa’s

h->vyy verval

—p Q h—>2 fotonen

p
- 2 energetische geisoleerde fotonen
\-de" ECLOr gevoelig voor valse signalen

N

| Vingerafdruk: (et pciiel

J

uitgesloten
door LEP

H—+—+—++-++++t++ -+ttt

0 50 100 150 200 250 300 350 400 450 500
Higgs boson massa (GeV)




Event-type | Aantal events

Overig

vy 3650 +100 +290

Y + jet 1110 + 60 +270

Di-jet 220 + 20 #130
Drell-Yan 86 + 1t 14

‘hormaal’

Higgs

Higgs signal 17.6

2-foton massa

IIII|IIII|IIII|IIII|IIII|IIII|

Geen structuur

110 120 130 140 150 160
2-foton massa (GeV)
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| 2-foton massa

 ATLAS Preliminary
'L (Simulation)

Illlllllllllllllll

120 125 1 4 45
2-foton massa (GeV)




De ‘echte’ LHC data

ATLAS Preliminary

Events/ 1 GeV

Hypothetisch Higgs
signaal (m,, = 120 GeV)

|IIII -I-64|IIII

1 1 I 1 1 1 1 I 1 1
140 150 160
YY invariante massa (GeV)

Data - Bkg model




Higgs = 2 fotonen Higgs = 4 leptonen

ATLAS Preliminary

h->Z2Z->4l

Events /1 GeV

Events/5 GeV

Overschot in twee
kanalen zichtbaar
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Higgs boson massa (GeV)




Interpretatie overschot in ATLAS

Claim pas ontdekking als:

Kans op toevallige fluctuatie zoals ge-
observeerd kleiner dan 1 op 1,000,000







Stand van zaken 11 januari 2012

Indirect:

heorig: m, < 600 GeV
Toegestaan: 115.5 GeV<m, <127 GeV

Elestrozwakke precisie-
etingen: m, < 185 GeV

uitgesloten Uitgesloten door ATLAS of CMS
door LEP

H—+—+—++-++++t++ -+ttt

50 350 400 450 500
Higgs boson massa (GeV)




. misschien hebben we hem al gezien

VAN

Samenvatting

0) Large Hadron Collider en experimenten
- werken fan-tas-tisch!

1) Zoektocht de Higgs in 2011

Groot massa-gebied uitgesloten
Overschot bij lage massa (~ 125 GeV) - nog geen ontdekking

2) Zoektocht de Higgs in 2012
Als het Higgs boson bestaat zullen het CMS en ATLAS
experiment hem (samen) ontdekken
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IN HET KADER VAN OPENHEID

ATLAS experiment

CMS experiment




