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© Motivation- Particle Physics

© THE Standard Model

© SM Higgs Properties and its detection at LHC
@ Higgs Physics Beyond the SM

@ Higgs Physics in the far UV
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The Standard Model (SM)

e Matter is made of quarks and leptons,

e Forces are associated with gauge symmetries,

e Masses arise from spontaneous symmetry breaking (SSB),
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In the SM a Higgs doublet can work (Minimal)
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SM Higgs interactions

SM lagrangian for a Higgs doublet ® = (¢T, #°) includes:

o Gauge ints. — Gauge boson masses,
ie. Lyy = (D'®)1(D,®)

e Yukawa sector — fermion masses,
ie. Ly =Y, QrPup, etc.

e Higgs potential V(®) — SSB and Higgs mass,
ie. V(@)= \(®? —v?)?

@ One unknown parameter A,
- it determines Higgs mass: myp ~ Av
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SM Yukawa lagrangian - 1 family
Ly = yaQrPdr + y.QrPur + h.c. (1)
o Qr=(ur.dr), ®=(¢"¢°7,
o After SSB: ¢° = L Z5(v+h+iGy)
° Qr® = (ur,dr)(¢",¢°)" = ard™ +dr¢’
° Q1Pdg = urdr¢" + drdrg¢’

° yaQrPdr = (drdr)ya (v + h+1iG>)

1 _
—(ydv + ydh)deR + ... (2)

V2
= mg = \%ydv and  (hdd) = =4
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Higgs couplings

o (AVV):
o (hhh): 3xv,
(BUAP)
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Busqueda de efectos directos del Higgs

e Busqueda en LEP2: eTe™ — Z + h — my > 115GeV

@ Busqueda en Tevatron
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Efectos indirectos del boson de Higgs

|Precision Physics in the SM‘ '
g-2:
QED:

a=%g-2)

aexp = 11590652 188(+4)x 10712
Gp
EW:

atheo = 1159652 157(4+28)x 1012
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Radiative Constraints on my,:

W Mass (GeV)

— light Higgs, i.e. with a mass of order of EW scale, ( my
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SM Higgs Phenomenology

First, one need to study decay modes for a light Higgs:

o h — bb,

o h—1tr™,

e h — v (top and W loops) (Ellis, Gaillard, Nanopoulos),

e h — gg (top loop) (Georgi, Glashow, Machacek, Nanopoulos)
o h - WW+* ZZ* (Keung, Marciano)

o h—tt
'h - XX
B.R.(h— XX) = Lh > XX) (3)
Ciotal
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The decay Width?

e Schroedinger equation: H |y >= i%\w >
@ The Hamiltonian for an unstable particle at rest: H = M —
o ¥(t) = 1(0)e™ " = p(0)e~"Mre T/

o [* = [(0)] e Tt

N(t) = Noe(kn

K<0,t=z0

X

Exponential decay function

A
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SM Higgs decay into fermion pairs

For the decay: h(p) — f(p1)f(p2)
M(h £5) = 50 apn) (1)v(p) ()
Kinematics:

o Energy-momentum conservation: p = p; + po,

e In rest frame of Higgs: p = (my, 0),

o p* =mj, pf =m} = p3,

o p.pr = mpEr, p.pa = mpEs, 2p1.py = mj, — 2m%,
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SM Higgs decay into fermion pairs

1

A (h = 1) = gy | M(h = D) da(PS) )
Then,
N 1) = N LT 4 (6)
327w 12/V m,%
where:

e N.=3(1) for quarks (leptons),
e The exponent 3/2 signals that the Higgs is an SCALAR (would be
1/2 if it were a pseudoscalar),

o my =ms(Q?) (RGE), ex. my(My) ~ 3.5 GeV,
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Higgs Decay widths

2 2 2
" g~ my Mfi3/2
I'(h = Nee0——-[1-4— 7
(h— ff) 327rm%V[ m’%] (7)
aQQQmS
D(h—g9) = g h|ly(re)l? 8)
128m3m?, 7
a2g2m3
T(h—=yy) = ———|L(r)|? (9)
1024m3m3, 7
. 3g*m
T(h—WW*) = ﬁﬁbb(mW/mh) (10)

where 7, = 4m?2/m3, and analogous expression can be written for:
I'h—~Z) and I'(h — ZZ*)

Tarea: 2) Estimate: BR(h — 77),
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Higgs B.R.’s
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Higgs production at pp/pp colliders (LHC/Tevatron)

Ohad = Z/ fi(xlv Q2) fi(an QQ) dx1d$2 5-parton (11)
ij

7r2F(h — g9)
8m,2z

Ooy = / £ (21, Q) £, (02, Q%) dy
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Higgs cross sections

Higgs production
=10 Higgs per minute at LHC
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Higgs cross sections — No.

ef events

Search for the boson (H) of

SM H boson production cross

the EW symmetry breaking sections times observable decay
branching ratios at 7 TeV
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Higgs cross sections — No. ef events

o Total Production cross section
oxBr=o0(pp—>h+ X)x BR(h YY)

o Need to look for interesting modes,

e No. of events= o * Br*I.L.

o Integrated Luminosity= No. of colisions per unit area,

o ex. With IL(LHC) =13 fb=! =13 x 103pb~! and
o(pp — h — vy) = 4 x 1072 pb for my, ==~ 125 GeV
— 520 Events!

e Signal vs Background: only a fraction of those 500’s events will be
detected,
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Higgs cross sections

Higgs pmduction / Higgs decay 1o photons
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Higgs search- LHC

(plus Totem),

September 27, 2016 22 /
(BUAP) Introduction to Higgs Physics (2 40



Higgs search- LHC

Transverse Slice of the Compact Muon Solenoid (CMS)

Muon E*! Electron i Neutral Hadron h Cﬂeﬂ Hadron Photon

om
Magnetic Field
Diected Out
@, >>>
Silicon
Tracker
ECAL
Electromagnetic
. |:!.l] Calorimeter
HCAL - Hadron Superconducting
Calorimeter Solenoid Iron return yoke interspersed
i with Muon Chambers
Transverse slice
through CMS Glick on the buttons above to see how each particle interacts with the detector.

Use the Play Button to see all of them.

Derived from CMS Detector Slice from CERN
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Higgs search- LHC
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Higgs search- LHC
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The Higgs-dependence day

 The Higgs(-like) boson |

Results shown are based on the
two simultaneous publications
from ATLAS and CMS plus their
partial updates as they were
presented last week at the

HCP 2012 conference in Kyoto

| Candidate event for H = yy

Candidate event for H > ZZ" > ee pp.

|
!%v‘"‘
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The Higgs-dependence day

[nternational Her:

July 402012
*The discovery of a
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Higgs search- LHC

T T T T

120 ATLAS Preliminary ¢ 8 sovaced daa

100 s=8TeV,JLdt=130m!  [] Hnzeew
HoWwW ' Sevpvivey (0/1 jets)

To get a feeling for the
number of events, and of
the background-subtracted
distributions 80
(example ATLAS) 60)

Events / 10 GeV

40|

20

0 <
1 1 1 |
50 100 150 200 250 300
my [GeV]
Signal ww WZIZZ]Wy 3 tWitbjtgb  Z/y* +jets W +jets  Total Bkg. Obs.
H+0-jer | 45+9 242432 26+4 16+2 11+2 4+3 34+17 334:28 [423
H+ et | 1826 4022 10x2 3713 13z7 2zx1 11+6 11418 | 141

Updated: ATLAS-CONF-2012-158 ‘

SEE’:JW ?:ggg&zmz LHG experiments and results 80
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Higgs search- CMS -ZZ Channel
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Higgs search- LHC

Explanatory figure (not actual data)

o R i B, i B TR O i R . L i |

o Higgs production cross section we exclude, divided by
s the expected Higgs cross section in the Standard Model

= “Observed” (example data)
—— Higgs excluded at 95% CL below this line

Expected without Higgs (background)

- Expected region at 68% Confidence Level
= |:] Expected region at 95% Confidence Level .
Excess The data is higher than the expected background
Deficit The data is lower than the expected background

2 95%CL Limit on o/ag,

-1
0 400
mass of Higgs [GeV]
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Higgs search- LHC

Ys=7TeV,L<51f" ys=8TeV,L<19.7 "
CMS Preliminary

Individual Results

V H - bb arxiv:1310.3687
u(m, =125.0 GeV) = 10% 0.5

H — 117 arXiv:1401.5041
p(m =125.0 GeV) = 0.78+ 0.27

H— vy HIG-13-001
u(m =125.0 GeV) = 0.78+0.27

H— WW arXiv:1312.1129
H(m =125.6 GeV) = 0.72+0.19

H— ZZ arXiv:1312.5353
p(m =125.6 GeV) = 0.93+ 0.27

}+}}*

0 0.5 1 15 2
Best fit 6/c,,
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DO YOU BELIEVE?

Nature asked leading theoretical physicists whether they thought the Large Hadron Collider
would find the Higgs particle predicted by the standard model of particle physics.

“I'remain
| optimistic.”
/ Frank Wilczek

“Insome ways, [
: would prefer that
: itisnot found.”

: Tom Kibble “Hopefully.”

Lisa Randall
“Absolutely!”
David Gross
“If not in two - “As a fully paid-up
i “There are other years, then never.” | supersymmetrist,
| possibilities.” Sheldon Glashow - I have to say yes.”
: Steven Weinberg i - John Ellis :
l [ [ [
50/50 POTENTIALLY YES So

Tom Kibble, Imperial College London; Steven Weinberg, University of Texas at Austin; Sheldon Glashow and Lisa Randall, Harvard University,
Cambridge, Massachusetts; Frank Wilczek, Massachusetts Institute of Technology, Cambridge; John Ellis, CERN, Geneva, Switzerland;
David Gross, Kavli Institute for Theoretical Physics, Santa Barbara, California.

September 27, 2016
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Mexican hat and BEH mechanism

NOBEL PRIZE IN PHYSICS AWARDED TO THE
MEKICAN PEOPLE

FOR INVENTING THE SHAPE|OF THE HIGGS
FUTE"."nlmenlegmmrator.nc,-t
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Then what?
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Higgs identity: gnxx = cx g;%¥ x
In the SM: cx =1,

CMS Preliminary Vs=7TeV,L<51fb" {s=8TeV.L<19.6%"

GEC=Cr=Cc=Cy i ¢ SMHiggs @ Fermiophobic @ Bkg. only
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Mx

v

SM Higgs identity: ¢;%y =

19.7f7 (8 TeV) + 5.115" (7 Tev)

o — — _
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Higgs Couplings in 3+1 HDM (JLDC)

Y f
0.5 F L
04} -

S
et #,-*.:f‘;"ﬁ
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................. m_f
a0 100 150
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The Universal Higgs fit - P. Giardino et al.,
arXiv:1303.3570 [hep-ph)]

Under the small deviations approximation:
cx = (1+ex) (13)

From a fit to all observables (signal strengths), and assuming no new
particles contribute to the loop decays hgg and hy~y, they get:

hZZ (WWW): €z =-0.01£0.13 (e = —0.15+0.14),
hbb: ey = —0.19 + 0.3,

hrr: € =040.18

htt (from hgg): ¢ = —0.21 £0.23
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4. Higgs Physics Beyond the SM

[ 3

Calypso, the symbol of Cousteau's adventures.

September 27, 2016 39 /
(BUAP) Introduction to Higgs Physics (2 40



5. Higgs Physics on the far UV

(BUAP) Introduction to Higgs Physics (2



	Motivation- Particle Physics
	THE Standard Model
	SM Higgs Properties and its detection at LHC
	Higgs Physics Beyond the SM
	Higgs Physics in the far UV

