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Attractive force * Attracts particles of * Binds protons and * Mediates particle
e opposite charge, neutrons to form transformations
. between and within atomic nuclei. . D
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* Is mediated by * neutron: udd W/Z bosons.
photons.

* Formed by 3 quarks
bound together by
gluons of the strong
interactions.
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What is Dark Matter?
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Beautiful

three generations of matter

Standard Model

interactions / force carriers

(fermions) (bosons)
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https://en.wikipedia.org/wiki/Elementary_particle
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Gauge Symmetnies

KE term NOT invariant!!
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SU(3)-x SU(2), x U(1),

*: [charge assignments, NOT actual colors]
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Beautiful
Standard Model

three generations of matter interactions / force carriers
(fermions) (bosons)
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Beautiful
Standard Model

Only Left handed fermions charged
under the weak SM gauge group

Fermion and gauge boson masses
FORBIDDEN by symmetry.
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Whatever gives rise to fundamental partide masses has to
break electroweak symmetry (EWSB).

The Higgs Mechanism

Spontaneous Breakdown of the symmetry: Vacuum becomes source of energy
SU(2), x U(1)y » U(1)em = a source of mass
<H>=v

A scalar (Higgs) field is introduced. The Higgs
field acquires a nonzero value to minimize its
energy.

/\/

Masses of fermions and gauge bosons
proportional to their couplings to the
Higgs field:

Mzw = 8zw V m;,=h,v m;2 = A v2

Re(4)

= —m?|¢|* + Alo|* v = 246 GeV

~
&
|
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How do scalars interact with gauge bosons?

|D,¢|* = (0,0 + ieA,d)(0Fd* — ieAF )

We have seen that the
Higgs couples to W/Z, with
approximately the right strength!!
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Higgs generates masses
of the SM particles!

P. Higgs:

“Mly first paper was rejected
because it was not relevant for
phenomenology”
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Quark Mixing:
Ly = Y Q¢D} — YIQ49UY — YL, pefy + hoc.,

Vekm = ULJr D,

No way to extract U, and D, independently in SM.

Only information about product (V) from flavor changing processes.

Choosing U =1, can interpret:
d' | Vud Vus Vub | d

s Vea Ves Vo | | s
b’ Via Vie V] LD

. dL
—g@m“ wereQi, B, I (g e & WiV | st
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http://ckmfitter.in2p3.fr/www/results/plots_summer19/png/rhoeta_large.png
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https://physicsworld.com/a/a-triangle-that-matters/

Experimental measurement:
https://en.wikipedia.org/wiki/Cabibbo%E2%80%93Kobayashi%E2%80%93Maskawa_matrix

Vad|  Vus|  [Via] 0.97370 & 0.00014 0.2245 - 0.0008 Q00382 + 0.00024
Vaa| |Vis| V|| =] 0.221+0.004 0.987£0.011  0.0410 * 0.

Via|  |Vis| Vi 0.0080 4= 0.000 0.0388 = 0.0011 1.013
_ T
VCKM =U L DL
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but compatible with SM expectationg
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R-parity NMSSM

violating

MSSM

Dark Photon

Light Extra Dimensions

Force Carriers

—

Solitonic DM

Warped Extra
Dimensions

Little Higgs

QCD Axions

Axion-like Particles

Littlest Higgs

made by Tim M.P. Tait
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UV Symmetries? \

UV Structure?

Fine-Tuning ?

Prediction?

Accidental?
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https://www.pinteres't.com/ pin/334744184798019537/ ?d::c&mtzlogin
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Beyond the
with the Higgs.

stz 10 15 TR

lide 19 NV



Doublet

The Higgs FIELD is a two
G
component weakly charged

1 (h+v)+iG°

doublet.

h is the neutral particle we
think we have observed at the
LHC:

v is the SM vev:

G*-and G0 are “eaten” by the
W and Z gauge bosons to give
them mass.
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Consider a model of two Higgs doublets
as a case study: 2HDM
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Consider 2HDM + S Higgs sector
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a SNEEIFe Higgs!
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<H,>,<H,> =2 <H>  tanp
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246 GeV v sin? .

<H> !

<h> ~ <Hg,>

Hyspy = —cos BH,, + sin BHy

SM: Only 1 Higgs which then acquires <H;>=v cos B
a vev and leads to EWSB. <H,> = v sin B

This is what we want! = <Hg,> =V

Lighter (h) is 125 GeV SM-like Higgs. <Hysy> =0

P - 9
Additional ates can be Ilght. : ALIGNMENT
Haber and Gunion, ‘03, M. Carena, . Low; N.RS. & C. Wagner, 13, A. Delgado, G. Nardini & M.

Quiros, “13, N. Craig, J. Galloway & S. Thomas, 13, P. Dey; A. Pilaftsis ‘14, M. Carena, H. Haber, |. Low,
N.RS.&C Wagner 14 & '15
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How are they produced?
] How do they decay?
(2
(d) o =
, Later + Prof. Sharma’s talk
:Illlll:lllllllllllll|l||||lll||l|l||||l||||ll|llll: b m 1_I T lll:E
o(pp—sH+X) i S F T :
E E| 10 © B R
V=14TeV : = -7 18
: o
10 b m, =175 GeV _?106 _(c: B IE
- CTEQ4M E . ‘_I__Q % 1 0-1 ‘_‘[‘t =
o 1E 410 Q = — ]
Q E Al e 3 Vs - ' CC i
Pt R e 0000 00 T d10* 5 I 1
w02k §10° @ 107 E
,‘:f:::’i‘:‘_‘*~--_-.<..§__;_,___ggg,qﬁ—-fﬂtt_ E % - ; :
1073 = M Spira et al. gg'qa——-)be_....- ----- ..._~__.:“‘~::_:*:::1"_";"_'-_;..-5 102 L Y “‘:{ Zy .
N NLOE - S e T gﬁf"qi“---f I : 7
]0 el el el s e s s by ey o Da g9 Ta g6 1507 pelans 59 3 . L f o | ow Ny 4 1S .
0 200 400 600 800 1000 10 100 120 140 160 180 200
My, (GeV) M, [GeV]

\$z//

NAUSHEEN R. SHAH // BCVSPIN — SM & Higgs | Jan 10, 2022 // Slide 26 m{!lls\;m:



