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Rottura spontanea della simmetria di gauge
SU2)L,®@U(1)y
in presenza di campi scalari

Richiamiamo le cose di base

Low = (Duo)" (D'¢) — V(9);

V(g) = 1207 + Mo'¢)? ¢ =< 0l$l0 >= ( ) )
N e
g 2N
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Richiamiamo le cose di base

e Minimo in ¢=n); V=Moo —7]2)2
e (Coeff. del termine quadratico: -2An2(=u?) negativo

e (Oscillazioni intorno al vuoto

e Sviluppiamo la lagrangiana in potenze dei campi. Si trova:
¢9-n’=VMmo+o’+y €

L =§(8Moa“o+ i aug”augi)—é[(ﬁmz)oz +0XE" )’ +...]+" int erazioni”

I campi &i sono bosoni di Goldstone, come indicato dall’ assenza di termini in
(§1 )2 nella Lagrangiana; o rappresenta un campo scalare di massa m2=4An?
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Gauge Unitaria

e 4 campi scalari, di cui 3 sarebbero 1 “bosoni di Goldstone”...ma

Con una trasformazione di gauge (dipendente dal punto), ogni spinore a due
dimensioni puo essere ridotto ad uno spinore della forma giu e reale:

o) =V (0 )
p(x) reale e U(x) una matrice di SU(2)r @ U(1)y.

e 1bosoni di Goldstone spariscono, i bosoni vettoriali W e Z prendono
massa (¢ il meccanismo di Brout-Guralnik-Higgs !!!) e restiamo con un
solo campo scalare neutro, 0(x), il bosone di Higgs:

IAC))
plx) =n+ 7
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Il bosone di1 Higgs

e [l campo scalare rimasto, o, prende il nome di bosone di Higgs;

e [’accoppiamento del bosone di Higgs ai bosoni vettoriali e’ fissato dalle loro
masse e da n:

o . 1
L, 1My WHW, +§Mzzz“zu)

(e)
=[2
vV [\/ET]-I-(\/EY]

e Nota: ricordo che 1 lo conosciamo in quanto:

G g g’ 1 1, 10°GeV® .,
= = = (—=)" =~ (———)"? =170GeV
J2 O 8M,° 8(gM’/2) 4’ L (2ﬁG 1682 ©

La proporzionalita’ dell” accoppiamento 0-VV alle masse di V ed il rapporto
fissato da tra 0-VV e 0-0-V'V sono la firma del meccanismo di Higgs

m;, =4hn’

La massa del bosone di Higgs dipende

m,, =~A(340)GeV dalla costante sconosciuta A
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M, prediction from precision Electroweak Measurements:

6 T
| theory { * Includes all electroweak
Al o = . .
= 0:0280420.0006 precision measurements;
0.02784+0.0002 i
41 |+ Constrained by direct my, and
(o)
X | Migp determinations;
2 +69 ,
‘ my = (77 54 ) GeVic
0 | Excluded Preliminary
10 10° 10°
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LS ..few weeks before discovery 4 Luglio

2012 (J. Incandela, CMS)
1. MtopVS. MW March 2012

80.5 T

i Tevatron MW Tour de Force!! : QO LEPEWWG (2011) 68% CI.(excludingMw,mm&directHiggsexclusion)
= my, = 80385 + 15 MeV (World Ave — - @68% CLlyareal M, Q009 m &

- @ 68% CL (by area) M, (2012),m &

Mar 2012) 80,45\ ’
= Shifts for SM Higgs expectation

80.4

(GeV)

2. Colliders leave little space
80.35

IlIlIIIIIII
llllllllllllllllllll

80.3

N

=
=
i

~|V|t2 155 160 165 170 175 180 185 190 1
mtop(GeV)

| AEAVAVAVR Iy W ~|n(mH)
TS Eliminated ~475 GeV of the
W mass range.

July 41" 2012 The Status of the Higgs Search J. Incandela for the CMS COLLABORATION
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Dalla teoria alla pratica:

elettrone
Il doppietto di Higgs (I,=1/2, Y=-1/2) puo’ accoppiare il doppietto dell’

elettrone L (I, =1/2, Y=-1/2) al singoletto e (I,,=1/2, Y="-2):

((P+l ((Ve)L
¢ = :91L =
¢"]

CL

I.—/

:. eR

~

e Accoppiamento trilineare:

L, =g.(e@'l +he) =g [e, (@")'v, +e(@") e, +he]

e Nella configurazione di vuoto (<¢+>,=0, <¢">,=m):

L, =g.(ex <@' >, 1, +hc) = gm(epe, +0,6;) = gmee =m,ee
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Dalla teoria alla pratica: VV e quark

e Accoppiamenti 0-VV e 0-0-VV:
1
Lw —mass = My WHW] + §M§Z“Zu
n—n+o/V2
Lov—o =L %+ oz wrw s Lz ez
W—o — W—mass+< ;"—W)( w u+§ Z M)

1
Lo vy = 2(\/§GF)1/2 o (M‘%VW’MW/I + 5 %Z”Z’u)

e Accoppiamenti ai quark

Eq_m = DLUCKMmdDR + URmuUL + h.c. =
= DﬁsmdDR + URmuUL + h.c.
n—n+o/V2

1/2 _
Eq_a = (\/§GF) [DfismdDR + URmuUL] + h.c.
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Frazioni di decadimento
dello SM Higgs in coppie
di fermioni e VV.

M. Battaglia, hep-ph/
9910271.

Per massa <130 GeV, il
decadimento in b b-bar e
dominante

b

Higgs BR + Total Uncert

10'3 . 1 1 1 1 1 I 1 1 1 1 1 l 1
100 120 140 160 18

0 200
M, [GeV]

123
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Risultati numerici (M=125 GeV)

e Nella Tabella, 1 risultati all'ordine piu basso confrontati con il risultato di
calcoli piu avanzati, in cui sono tenute in conto le correzioni di ordine
superiore dovute alle interazioni forti (QCD), nel caso dei quark, e quelle
elettrodeboli, nella Teoria Standard. Questi ultimi valori sono ottenuti con il
codice HDECAY. Nei decadimenti in coppie quark-antiquark, le correzioni
di QCD sono determinanti ai fini di una predizione quantitativa.

. '(MeV '(MeV Rapp. di decadimento (%

Modi di decad. (lovvést or(>ier) (tutte lé corr()ezioni) (corretti) 7
bb 4.92 2.36 56.6
TT 0.259 0.259 6.2
cc 0.50 0.12 2.9
w w= 0.779 0.941 22.5
47" 0.0839 0.119 2.9
gg 0.22 0.35 8.5
vy 0.0091 0.0096 0.23
Totale 6.77 4.17 99.8

Table 1:
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1. La ricerca del bosone di Higgs al LEP

Una campagna di ricerca al LEP II per e+e—-® Z+H

osservare un bosone di Higgs con - - _

massa fino a circa 115 GeV Z® g+q,l+lv+v
H®b+b

Canali studiati:
1. 4 jets,com massa invariante di due jet =M,

2. 2 jet+ energia mancante (corrispondente a Z—nu+nu)

3. 2jet + 2 leptoni (corrispondente a Z—1+1-bar)

4. Nel jet, si applicava per quanto possibile il b tagging,
per esaltare gli eventi con un possibile H

Eventi interessanti raccolti da ALEPH nell’ estate 2000, nel canale 4
jets con b-tagging, massa 114 GeV;

Alla fine, sui 4 esperimenti, I’ evidenza per un Higgs di 114 GeV e’ di
circa 2 standard deviations

Per arrivare a questo, sono state fatte analisi statistiche molto raffinate
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l‘lglll‘(‘ 3: Cross sections, as a function of Y, s. .

for the Higgs-strahlung process in the SM for \'S [Ge‘]
fixed values of 1 o (full lines), and for other SM

processes which contribute to the background.
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Roma, 19.01.2015

2bcand,

HZ hyp.

m,=114 GeV
+3 GeV

NN = 0.996

kin. mass fit
m,=112.4GeV
m;=93.3GeV
Ey p=206.7

ZZ hyp.
mz=1°2 GeV
m,=91.7GeV
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Mass plot by ALEPH (Sept. 2000)

Mass Plot - Tight Cutsl

NN Analysis CUT Analysis

.
-

“u ALEPH Preliminary " V RN | LA RLSLS RIARLY
’{_ @ ALEPH NN SB-20 % @ ALEPHSHB=LE ‘\!'“ H Preliminary]
- IS — 3 bockgrd
e 7 [ [T vackgrd ~ 3 A4 0
~ z
é . B v Sigead 3 E
:‘: g 114 Ge\ \ §
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1+ L see 1 LR LR 2
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“ w ™ s oW 10 1e 10 R <« “ i » w0 1 1o |:u. |_l-|:
"lnll‘\‘ |(','_-\',/c'| m""‘((.t\ )
When cuts are tightened, both The survival of these three
d(‘_(‘ept lhe same lhree fOllr Jet (.d”(“d;lteﬁ in(“(,d[("S ”ldt Ih(“\/ dare
events ‘-Vith .\[“ 109 Gc-\/ C"'I ”ld(‘f(?d qll“(" Sié_””dl ||k("
Peter McNamur s Stmtun of the Miggs Search ot Aleph Novenber 3, 2000

Roma, 19.01.2015 L. Maiani. La ricerca del Bosone di Higgs

15



Tevatron SM Higgs Search: Outlook

dte(¢fp» 000

' SUSY/Higgs Workshop

100} Higgs Sensitjvity ("98-'99) g

- - F Study ('03) y

Prospects updated in 2003 in  statistical power only .6

the low Higgs mass region - (no systematics) y <R

_ 1 0 E- 8 ra \‘fi'i"::;:’ - : V‘:‘:‘E? -
: | g” | Tevatron8

W(Z) H> Iv(w, 1) bb f_"." E - 2

- better detector ' E 50 discovery

understanding 1 30 evidence | | I

> optimization of analysis : PRELIMINARY 95% CL exclusion
80 100 120 140 160 180 200

my (GeV)

Sensitivity in the mass region above LEP limit (114 GeV ) starts at ~2 fb?
With 8 fb1: exclusion 115-135 GeV & 145-180 GeV,
5 - 3 sigma discovery/evidence @ 115 - 130 GeV
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Higgs Boson at the LHC

e SM Higgs boson can be discovered
at = 5 o after =1 year of operation

(10 tb-1/ experiment) for my = 150
GeV

* Discovery faster for larger masses

L=10m"
= L=30Mm"
s L=100m*

ficance

—_—
=]
L5

Signal sign

 Whole mass range can be excluded
at 95% CL after ~1 month of
running at 1033 cm=2 s -1,
results are conservative: 10

-- no k-factors
-- simple cut-based analyses

-- conservative assumptions on detector -

performance

Lum. per
_ ATLAS + CMS
2AUENS  (no K-factors)

F. Gianotti

"
b ecsnnnn

-- channels where background control 1s l 10
difficult not included, e.g
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Signal significance

Standard Model Higgs @LHC

T— % %ﬂl . ::u.'u‘ W)
’ | t = & - (no k-lactors) a H 22" 5 4
|' g .\1[;:1 nics & ATLAS H - WW" o iy
10 3 n 'l. dt =30 b (no K-lactors _: 10 :’ o qqll - qq WW"
_:"1 A qqi o gyt
7 Total significance
e —~_
N .
i" ' s .\- p
10 : / . 0| >
/ So L/_ polr——— : -
........ Rgfveevoerrnsensencearsunersaipenseneesrensensensenvensennsteds * .;‘__-
YR
> 114.4 GeV hgr‘e discovery easier \
P with H — 4 /eptons
e 5 100 120 140 1600 150 200
10 10 e
m, (GeV) my, (GeV)
For m, ~ 115 GeV and 10 fb!, 3 complementary channels accessible:
(2 0) ttH — 1t bb — b/v bjj bb qqH — qqtrt (2.7 o)
o I i (22 0) i/ b . T
) . ' ' : f ey :-{ -'.:'--.;._\\\ z <
’ W :} ' \_’_
A ) /wr H
200l/ 090, | el T
o e 'S & N B - . " b 9 ~3
rrerrrooroacrormrovome—od HHEES

INUTITIOy T 7. U T .Z0T1TJ
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Among best channels at LHC :

mH<15OGeV: H%yy

DUOOO

TO00

AOOOD

W

=

10

.....

100 fb-"
....'.zzo. ....... 1.3'(; ....... ‘.410

My (GeaV)

Requires excellent EM calorimetry
(E-resolution, y/n° separation)

i

i H-—->puup
i m, = 150 GeV

'
| { , ) §
. ™

‘ ‘ e v '.VVI.”v l. [

m, > 130 GeV: |H—=ZZ") — 4e, 4y

- T

9w | 3 ATLAS
- ‘

® : {‘i Ldt=t0b"
fl: | | o Kadackor =)
w

m, ({Ge V)

Requires good lepton E, p resolution
and identification. Gold-plated channel
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I.1. LHC Schedule 1. BUILDING LHC: A GREAT ENTERPRISE WHICH
Contracts for dipole cold mass CERN LED WITH GREAT SKILL |

CERN has a double role: supplicr o1 ST CapIcs, end-Customer oI Superconaucting cable 1
1400
the dipoles. We must be prudent in defining the dipole delivery o
1200
< e
schedule, hence the LHC schedule. /
1000 7 ___‘f’
SC cable production to end mid 2005; 8 / /
2 e ]
- . b=
last dipole delivered July 13, 2006, £ /
. ) 3 % 600 ;?fsf"‘ /
Machine closed and cold: Oct. 2006; 5 / /
w

First beam: April 2007:

I~
=]
=

%)
=)
(=t

// o
e mid 2005

01-Jan-01 01-Jan02 01-Jan-03 01-Jan-04 01-Jar0s 01-lan-06 01-Jat

First physics: mid 2007,

Very solid foundation of the LHC confirmed by SC cable panel

‘ —Corractusl =o=Arcented strands == Delvered —Justintime ‘

and Mac l.l“.l'lﬂ Advisory Committee. CERN Council, March 2002

L. Madaru, March 21, 2x

Data provided b A Verwell AT-Mas

——

2 ° 1 .5 yglall(.)&leellay due tO pl'Oblel’IlS Wlth QRL Updated 30 Mov 2005

1.5 year Sept. 10th 08: first beams = lzg;‘;"gfg’a S
for the

dipole
accident
eresolve
d by
Steve

. Myers
- eyseful beams: 2010

Lyn Evans and Lucio Rossi
receive at CERN the last dipole
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The A S Detector at CERIN

,' {4 , ’v ;-//’ /i 2 4
Y- % ._ ' ;“L -« 30

“
b %

Ty
o
discovery




S L P SR <
"‘ \ \ G

aIPHl N .°’//

The CMS Detector at CERN ‘ )

CEMAFIT. CHIAPAS. Aug 27,2012 L. MAIANI. CERN discovery




In the following years, we will recognize a clear

discontinuity in physics: BEFORE and AFTER the
4th of July talks by CMS and ATLAS.
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ATLAS final statement

We have looked for a SM Higgs over the mass region 110-600 GeV in 12 channels

We have excluded at 99% CL the full region up to 523 GeV except 121.8< m <130.7 GeV

"We observe an excess of events at my ~ 126.5 GeV with local significance

QO The excess is driven by the two high mass resolution channels:
H-> vy (45 0)and H> ZZ* > 4| (3.4 0)

O Expected significance from a SM Higgs: 4.6 o

Q Fitted signal strength: 1.2 = 0.3 of the SM expectation

CMS final statement
We have observed a new
boson with a mass of
125.3 £ 0.6 GeV
at
Roma, 19012015 L 4.9 o significance ! 25
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The LHC data GRID, launched in 2001...is < &*
working perfectly

20 Km

It would have been impossible to release physics results so quickly without

the outstanding performance of the Grid (including the CERN Tier-0)

&

| Number of concurrent ATLAS jobs Jan-July 2012 — %
Running jobs f ‘ ’

160,000 ¢ . 181 Day? from Week 01 Df 2012 to Week 2'6 of 2012 ; ) %
Includes MC production, Concorde <

w0000 user and group analysis (15 Km) :
o at CERN, 10 Tierl-s, &
' ~ 70 Tier-2 federations g
- > 80 sites g
80,000 ‘ 4

: -
-

> 1500 distinct ATLAS users -
- do analysis on the GRID Z‘fgtlfnga)"c §
™ &

20,000 %

¥

JarvUZ T Fenz012 777777 ------------------- o1z The data tO be recorded ln 1 year a're ' %
W MC Production M User Analysis W Group Productian W Group Analysis W Validation equivalent tO 15 millions DVD mOVieS; i 7‘31,»
[ Testing [[|Data Processing [ Others s ’
Maximui m: 154,378 , Minimum: 35,776 , Average: 110,775, Current:- 139,430 If recorded On CDS, they WOuld reach x :£4E Y

O Massive production of 8 TeV Monte Carlo samples

QO Very effective and flexible Computing Model and Operation team > accommodate high
trigger rates and pile-up, intense MC simulation, analysis demands from worldwide
users (through e.g. dynamic data placement)
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Processor
farms : the 90's
supercomputer «‘(«

Mainframe Mini-

vector Supercomputer

« PC+Linux: the new supercomputer for scientific
applications

waw . ncsa uluc.edu'General/CCintcluster/

www s sandia.gov/cplant/ now.cs.berkeley.edu

TIFR, Mumbai. Jan. 15, 2002 L. Maiani. PersBectives 0£ Fundamc.:ntal Physics . 28



Affer commodity farms what next?

Fusion of gi¢ lata

processing and data archive: Grid approach ?

TIFR, Mumbai. Jan. 15, 2002 L. Maiani. Perspectives of Fundamental Physics 29
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CMS Preliminary
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§ Selected diphoton

) . Data 2011 and 2012

1§ $ig + Bkg inclusive fit (m, = 126.5 GeV)
W 1800P% . Ll 4th order polynormial

F. Gianotti

ATLAS Preliminary
. Data
[ Background ZZ '
- round Z+jets, tt | |
() Signal (m =125 GeV)
I Signal (m, =190 GeV) | |
I Signal (mulw GeV)
77 Syst.Unc.
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{g - 8 TeV:fl_dt — 5-8 fb.
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Higgs ->gamma gamma

_d QuickTime Player File Edit  View Share Window Help EH5¢ OB i o B cew |
. ‘1 Qa @ Ol == 2 Elo o=
? T 19 ' 1% 18 L o T s 116 1% % ™) LW o
‘E N , 1] :
R
-g‘ Figure 1: Left: the yy invaniant mass spectrum following the addition of the complete data sample.
z Right: the invariant mass spectrum following the addition of all data, with the profiled signal model
s superimposed (my = 126.8 GeV, u = 1.65).
(4
-] . .
Z | 1 Animation for H — yy

Diphoton candidate events from the combined 4.8 fb™" of V5 = 7 TeV data and 20.7 fb™" of s = 8 TeV
data in the invariant mass range 100 < m,, < 160 GeV are added to the plot at the rate of one run per
frame. The result of a fit to the full data sample of a 4" order Bemstein polynomial is drawn in blue and
normalized to the data sample shown in each frame. Following the addition of the final run, the result
of a fit to the full data sample of a crystal ball plus Gaussian signal component and a 4™ order Bemstein
polynomial background component is drawn in red. The signal mass and signal strength are fixed to
the profiled values of my = 126.8 GeV, and u = 1.65. The background only fit is plotted along with
the signal plus background hypothesis to draw attention to the difference. The bottom inset provides the
residual data-background fit in bins of 1 GeV.

Four versions of the animation are provided, In the first plot, the y-axis scale is floating and is nor-
malized to the data sample shown. In the second and third plots, the y-axis is fixed and normalized based
on the complete data sample. In the fourth plot, the y-axis is fixed, as in the second plot. The fourth plot
superimposes the residual (data-fit) for the signal plus background fit on the residual for the background-
only fit. Further details on the diphoton analysis can be found in the conference note [1].

H— yy animation with floating y-axis scale

H - yy animation with fixed y-axis scale (I)

H~» yy animation with fixed y-axis scale (II)

H— yy animation with fixed y-axis scale and signal plus background residual
Roma 5 Nov. 2(



Higgs -> 4 leptons

e T T T 'i"‘g
| '_i:-. @ r—| ; | p Blo oo

FIGUIE 27 LEIL UK S LIVATIANL [ISS SPECUUNT TOUOWLINE LK SIGILON O U 18SE TU. KURIL U VATt
mass spectrum following the axis zoom, with the SM signal hypothesis superimposed.

@ QuickTime Player File Edit View Share Window Help

Is
-

» 2 Animation for H — ZZ — 4l

'Not reviewed

» Four-lepton candidates from the combined 4.8 fo-! of 45 = 7 TeV data and 20.7 o' of V5 = 8 TeV
» data in the invariant mass range 0 < my < 500 GeV are added to the plot at the rate of one run with
« candidate events per frame. The standard model ZZ and Z+ jets background predictions are illustrated by
« the stacked red and magenta histograms, and are scaled with the integrated luminosity. The shape of the
@ ZZ background is obtained from MC. Due to low statistics for Z + jers and 11, the shapes of reducible
« backgrounds are obtained in a data-driven way using control regions where the isolation cuts and impact
« parameter cuts are reversed, Following the addition of the final run, the x-axis is zoomed into the region
a 100 < my < 205 GeV, maintaining the same bin width, in order to focus on the excess, The standard
« model Higgs boson PDF for my = 125 GeV is then drawn in blue (the profiled mass is 124.2 GeV). The
» signal PDF is then scaled to the profiled signal strength of 1.75%xSM expectation.

Three versions of the animation are provided. They are differentiated by a fixed versus floating nor-
s malization of the y-axis. Two of the animations show the profiled signal strength, while one animation
» does not. Links to each are provided below, Additional details on the four lepton analysis can be found
in the conference note [2).

e H— yy animation with fixed y-axis scale
o H— yy animation with fixed y-axis scale and no profiled mu

e H-+ yy animation with floating y-axis scale
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Combined results: the excess

2 10°F ATLAS Preliminary =~ 2011 +2012 Data 8 100 ATLAS Preliminary = 2011+ 2012 Data

g 10°F  —Obs. Vs=7TeV: |Ldt=4.6-4.8 b 8 - — Obs. s=7TeV: [Ldt=46-48f" -

- 10 ----Exp. Ldt=5.8-5.9 b "é 8 Exp Vs=8TeV: [Ldt=5859" |

N 7 6:_ LT B
T ] S S AR s B S W e
PPy TR— RIS WY SR Expected | ... S . LT A Expected | 7,
10° from SM S YO from SM | q
105 T N Higgsat = Y AU W Higgsat | 1.
10 E L/ given my Y given my kP

-7 - .
183 e N7 N s N NG ¢
10-9 ;.. .................................................................. A ] L
= RN TS AR FREEE FTEwy i |‘h| [ETETENE I AN NI AAA! _m'T'r'n'n'T'.‘T'l'T'.'T'\'T'n'T'.'V‘T'F'|'.'1'F'|'|".'I’T'\'T'.'T'w'T'n'.“l'n"\'.".'I".'w'w_'2

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

Maximum excess observed at my = 126.5 GeV

Local significance (including energy-scale systematics)

Probability of background up-fluctuation
Expected from SM Higgs m,=126.5

Global significance: 4.1-4.3 o (for LEE over 110-600 or 110-150 GeV)
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The mass of the new particle

ATLAS

Roma, 19.01.2015

+ 0.6 GeV ! 1o the

and fit for the common mass:

my = 125.3

L. Maiani. La ricerca del Bosone di Higgs

Combined results: consistency 2 o[ ATLASPreiminary st
of the global picture B g Ermuflaecen | e o
o - (s=8TeV:|Ldt=5.8591b" ]
. E 3.5:_ —H—wT_ . . B
Are the 4| and yy observations £ af —wozm “ E
consistent ? D el : E
T —— o " 3
From 2-dim likelihood fit to signal E |
1.5 B
mass and strength ->curves show i E
approximate 68% (full) and 95% L SM E
(dashed) CL contours 0'55_ | | | | | E
0" 920 122 124 126 128
GeV
o 10— ————# To reduce model dependence, T+=>°V
MS Preliminar — e i .
E 9 \oo7Teviosim — Hovreessses)  allow for free cross sections
o e in three channels

nnels,
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1. Being the Higgs boson: couplings to the

other particles

* With the Higgs boson we are probing a physics which is very different from the
one we are used with the gauge interactions
e In lowest order, the couplings of H to other particles are related to the masses:
e g(H-f fbar) ocms (no e-p universality !)
e g(H-VV) oxmy? (coupling to the photon only in higher orders)
e large variations

L 197 (BTeV) + 5118 (7 TeV)
CMS

 this 1s the signature of being the Higgs boson! | Pty t
e After all, this is the most ' ::::: §t

—

_ |---SM Higgs

important message: mass vs.
coupling correlation for all know =
particles 10?

10

Jh\:\‘- or (yh"'\" ',"lr]ll"z

(M, ¢) fit
Bes%CL
—95% CL
1 2345 10 20 100 200
mass (GeV)
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Higgs Boson Summary (J. Ocariz @
Invisibles)

. . ATLAS Prelim. =0t Total uncertaint
19.7f0 (8TeV) + 5.1 (7 TeV) - 1255 GoV A hiping

[ 125 GeV B
Combined CMS "
PetO02012 P(ehmfnafy

Untagged

gw087£0.16

VEBF tagged

et 144027

VH tagged

p=089L038

(MS -PAS-HIG-14-009

ttH tagged

4 24 45

2 3
Best fit o/o_ "

A
M VBF.VH  © ggFetd
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e the b-b bar channel is one of the most interesting but also most elusive
because of large background

* a strategy is to select for VH events ATLAS-CONF-20 1L_079

W,z ATLAS Prelim. [==dsta  Tota| undertainty
- 125 GeV oAYs) 4 6 on
W,Z m, o{theo) - i

VH(bb), 7 TeV 3.1
p=-2.1"
HO ............................. .,2.“-
VH, 0 - 278y
W, Z bremsstrahlung .--.-.-.."."'i.c.’f'._ff---'_.‘.-l.“.

Q|

b ercmr ... —————————

VH, 2leptons |t =-0.3"

I Comb. VH(bb)
p=02""

| B —
f5=7TeV Ldt=471" 42
(5-8TeV [Ldt- 203" Signal sirength [u]
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4. Unnatural: what 1s 1t?

e The Standard Theory is incomplete: missing parts imply mass scale >> W
mass

—Gravity: regulated by the Planck mass Mp=1/vGnewton = 1019 GeV

—Unification of the three gauge interactions of ST, Grand Unification mass Mgur = 1014 GeV

e How is it possible to have a low energy sector almost decoupled from the
high energy scales?

Spin 1/2 and 1 particles: in the zero mass limit a new symmetry is gained
(chiral symmetry for spin 1/2, gauge symmetry for spin 1)

* higher order corrections to the mass do vanish in the limit where the bare
mass vanishes

e thus, e.g. for the electron mass: me(q?)=mo Log(q?Mgur ) and the large mass
is locked into Logs.

e In the Standard Model, no increased symmetry 1s gained by letting the mass
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quadratic divergences

e Sometime unnaturalness of the Higgs is tyed to quadratic divergences and
unnatural tuning between bare mass and rad corrections

H

o ———
[ — / top \
ra H H / \
- + . + ? .

f_/' A '\r.-‘ . .
N\J J ~———

\ top / IL[,2 = :ug + g X COSt X A2 + .-
T

 this is however not necessary: even in regularization schemes with no
quad div (e.g. dimensional reg. or Lee-Wick ghosts) the large mass will
end up into the finite corrections, unless a symmetry reason does not

prevent it.
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alternatives

e Low energy supersymmetry relates scalars and fermions, whose mass is
protected by chiral symmetry, and reduces the cutoff scale to Msusy, needed
to be O(1TeV) for not too unnatural tuning, .... or

* No elementary scalars, the Higgs boson is composite by fermion fields, tied
together by forces at a scale O(1 TeV), called generically Technicolor forces.

 H could be much lighter than the high energy strong interactions scale, if it is
a would-be-Goldstone boson of some symmetry.

* New strong-interactions at high energy: not indicated by electroweak
precision data (which are becoming high-precision data).

e The value found for the Higgs boson mass speaks in favour of SUSY
* but we should keep both options open...for the time being.
e [Important: it is not a matter of a factor of 2 or 4...

e The third option, which is becoming popular, is to ignore the problem...an

[ If this is the answer...what was the question? (Financial Times)
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5. Precursors

* Before finding the particles implied by SUSY or by the extra strong
interactions at high energy, one should detect anomalous couplings of the

Higgs particle to vectors and fermions; deviations at few percent levels
could be seen;

e the pattern of couplings may be quite complicated, but some simplification
may help to orient us

LPNHE Fermionic vs. bosonic couplings Q

A two-parameter benchmark model, under the following assumptions :
* One single modifier k() for all vector bosons (fermions)
+  Only SM particles in the gg—H and H—yy loops
* No BSM particles contributing to total width

E — - B - 1 ol
& ATLAS Preliminary - o CMS Preliminary 19.7 o™ (8 TeV) + 5.1 fb (7 TeV)

\s=7TeV [Ldt=4.6-4.8 b | + Observed o SM Higgs
\s=8TeV [Ldt=203 10" + r

present status 1s somewhat
represented here:

CMS-PAS-HIG-14-009

4
3
2
i
0
1
2

-2
(=3
3
<
:
(=3
b
w
5
g
3
g

E e e e O
06 0.7 08 0.9

K
Destructive W- and top- mediated interference in H—yy loops :
H—yy provides sensitivity to the relative sign of fermionic/bosonic couplings
K~ 159k - 0.66- kwk
Ko~ 14064(12;0‘07-!:,1% +0.01 - 7

Invisiblesl4, Paris Higgs boson physics at the LHC José Ocariz - LPNHE et univ. Paris Diderot 18
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A better perspective to understand how close to a SM Higgs:

Higgs coupling

A better perspective to understand how close to a SM Higgs:

Higgs coupling

A or (g/2v)"2

102

107 [

19.7fo" (8 TeV) + 5.1 fo' (7 TeV)
T IIIII T T T T |||I|"|'||Ill'lll||l

- CMS

[ Preliminary

|- 68% CL
| [=—05% CL
SM Higgs

A. Pomerol @ Higgs Hunting 2014

Composite Higgs
el (reduction of couplings)

small effects already expected,
as EWPT (LEPI) put strong limits

(M, ) fit
B 68% CL
—95% CL

Lol

1

2 345
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100 200
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to the coupling hVV
since it affects the Z propagator:

h

L=

WZA A AW
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[ |—95% CL

- CMS

| Preliminary

---SM Higgs

1 1 lllllll

qualitative po
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.....N
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Fig. 4 Best-fit regions at

68 % CL (green, left) and
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the Higgs signal strengths in the
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Combned
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H - bb (VH tag)
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ORSAY-ROMA Collab.: A. Djouadi, L. Maiani, G. Moreau, A. Polosa,
J. Quevillonl , V. Riquer, EPJ C in press, arXiv: 1307.5205
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http://arxiv.org/abs/1307.5205
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A first look: Composite PseudoGoldstone

Higgs
A. Pomerol @ Higgs Hunting 2014
Composite PGB Higgs couplings

Couplings dictated by symmetries (as in the QCD chiral Lagrangian)
Giudice,Grojean,APRattazzi 07

APRiva 12
W W v
ST = 1 - F f = Decay-constant of the PGB Higgs
Ihww ATLAS+CMS:

(model dependent but expected f ~ v)

Cgg=Cyy=C7,=0, ¢c;=cp=cr=cy
. : .

2 2F

v
oy 1ZUEME
SM 2 9 -y Y e
Intf 1— % /‘ \

MCHM4 MCHMS

arXiv:1303.1812

small deviations on the hyy(gg)-coupling due to the

Goldstone nature of the Higgs getting into the

interesting region

—

¢ < 0.1 from EW precision tests
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