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Day 1 (50 min.)
QFT and Feynman rules

Gauge symmetry

Spontaneous symmetry breaking and Higgs mechanism

Day 2 (50 min.)
Gauge boson mass, fermion mass and related issues

Experimental status of the SM
Fate of the SM
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SM Lagrangian

L = Lkin + LYukawa, — VHiggS
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—Lyvukawa = fuQur®® + faQdrd + feLerd + h.c.
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SM Lagrangian

CHZD R (L)
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Gauge boson mass
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W-boson
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W-boson mass

_ 9V

mw—?

V= (\/QGF) % < 246GeV



I— mass
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| -parameter
ana
custocial symmetry
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W, Z boson mass

W-boson mass Z-boson mass
gv OzV
m - — m- = —/—
0z =
2 cos!
B Mw 4
ms cog "y

exp.data ' exp = 1.00037+ 0.0002:< [PDG]
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| -parameter

W-boson mass Z-boson mass
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| -parameter

. 11
SM Higgs (,Y)= 55 v.ewv. v
ext. Higgs (1',Y") vewv. V
2
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Custodial symmetry

Higgs potential

V = pulg)® + Ag|*
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Custodial symmetry

H $ & # $

Higgs potential v = p2Tr 1 1 "+ Tr | |
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Custodial symmetry
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Custodial symmetry

g Y=0DTF Ty I AGFhv.evZRD &
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fermion mass
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Fermion mass

Lepton
0
vV
2
||V —
= fe—éeLeR +h.c.
_ ||V
electron mass Me = fo 5

fermion mass=[Yukawa coupling] x [v.e.v.]
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Generation mixing

generation basis [quark]
| Lygwa = T M ul, + 0 M1 dl +h.c.

mass matrix M}J = f) = (a= u,d)

current eigenstate &mass eigenstate

U, = Ut‘u(Lm) Ur = UlgU(Rm), d|_ = Uf’d(l_m), dR = URd(m)

U' MyUR = diag(my, m¢, my), etc
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Generation mixing

Diagonalization

' Lyiawa = O M Ul + d MY dy £hc
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Charged current interaction

d

current eigenstate \\
L=t Su W+ he § .

mass eigenstate

W+
— ..g — . +
L= —zu(Lm)! oyt ud d™Mw o+ he
Cabibbo-Kobayashi-Maskawa matrix
Verm ! U UE (3x3) unitary matrix

# of parameters=3 angles+1 (CP) phase
(after removing unphysical d.o.f.)
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Unitarity triangle

lup]
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unitarity condition
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Unitarity triangle
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FCNC

flavor off-diagonal int. in charged current \\

L= 10 Vead W+ he §“

neutral current?

forexample L =(g. U.!"u_ + grUR! “uR)Zu

no flavor changing neutral current (FCNC) at tree level
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FCNC at 1-loop

example b! sl @l
| _ u, c, t

| m?2
amp. ! VipVieF  —-
. mg,
= u,C,t
b S
unitarity TV, v
Wi

Vuqu!s + VCch!s + thvt!s =0

VibVys = ! (VepVee + Vip Vis) IOOp part=f(m_|)

amp.! VepVes (Fe " Fu)+ ViV (Fr " Fu)
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Status of the SM
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@

Global fit (@Zpole)

no deviation

Measurement Posterior Prediction Pull

1 s(Mz) 0.1180+ 0.0010 0.1180+ 0.0009 0.1184+ 0.0028 0.1
I fﬁa)d (Mz) 0.02750+ 0.00033 002743+ 0.00025 0.02734+ 0.00037 0.3
Mz [GeV] 91.1875+ 0.0021 911880+ 0.0021 91198+ 0.010 -1.0
m¢ [GeV] 173.1+ 0.6+ 0.5 17343+ 0.74 1761+ 2.2 -1.3
my [GeV] 125.09+ 0.24 125.09+ 0.24 100.6 + 23.6 1.0
Mw [GeV] 80.379+ 0.012 80.3643+ 0.0058 80.3597+ 0.0067 1.4
w [GeV] 2.085+ 0.042 2.08873+ 0.00059 208873+ 0.00059 -0.1
sin? " 1°P' (Qhad 0.2324+ 0.0012 0231454+ 0.000084 0231449+ 0.000085 | 0.8
pPo = A. 0.1465+ 0.0033 0.14756+ 0.00066 0.14761+ 0.00067 -0.3
', [GeV] 2.4952+ 0.0023 249424+ 0.00056 249412+ 0.00059 0.5
#0 [nb] 41.540+ 0.037 414898+ 0.0050 414904+ 0.0053 1.3
Rk?? 20.767+ 0.025 20.7492+ 0.0060 207482+ 0.0064 0.7
A‘;'E;' 0.0171+ 0.0010 0.01633+ 0.00015 0.01630+ 0.00015 0.8
A- (SLD) 0.1513+ 0.0021 0.14756+ 0.00066 0.14774+ 0.00074 1.6
RO 0.21629+ 0.00066 0215795+ 0.000027 0215793+ 0.000027 0.7
R§ 0.1721+ 0.0030  0.172228+ 0.000020 0172229+ 0.000021 | -0.05
Aog 0.0992+ 0.0016 0.10345+ 0.00047 0.10358+ 0.00052 2.6
Acg 0.0707+ 0.0035 0.07394+ 0.00036 0.07404+ 0.00040 -0.9
Ap 0.923+ 0.020 0.934787+ 0.000054 0934802+ 0.000061 | -0.6
Ac 0.670+ 0.027 0.66813+ 0.00029 0.66821+ 0.00032 0.1
sin2 " 'ep‘ (Tev/LHC) 0 .23166+ 0.00032 0231454+ 0.000084 0231438+ 0.000087 0.7
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Global fit (non-Zpole)

Quantity Value Standard Model Pull
m; [GeV] 17334+ 0.81 17376+ 0.76 1 0.5
Mw [GeV] 80.387+ 0.016 80361+ 0.006 16
80.376+ 0.033 Q4
lw [GeV] 2.046+ 0.049 2089+ 0.001 1 0.9
2.195+ 0.083 13
My [GeV] 12509+ 0.24 12511+ 0.24 0.0
Huw 1 0.03+ 0.20 1 0.02+ 0.02 0.0
He 5 1 0.27+ 0.31 000+ 0.03 1 0.9
o° | 0.040+ 0.015 1 0.0397+ 0.0002 Q0
N | 0.507+ 0.014 | 0.5064 Q0
Qw (e) | 0.0403+ 0.0053 I 0.0473% 0.0003 13
Qw (p) 0.064+ 0.012 Q0708+ 0.0003 |! 0.6
Qw (Cs) | 7262+ 0.43 | 73.25+ 0.02 15
Qw (TI) | 1164+ 3.6 | 11691+ 0.02 01
52 (eDIS) 0.2299+ 0.0043 023129+ 0.00005 | ! 0.3
Lo [fs] 29088+ 0.35 28985+ 2.12 0.4
S(gu! 2! %) (451118 0.78)" 109 (4507.89+ 0.08)" 10 °| 4.2

PDG[2016]
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Fate of the SM
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Fate of the SM
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Fate of the SM
Higgs potential V= p2¢T¢p + M7 ¢)?
Higgs boson mass mg = 21 v?

quartic coupling is required to be positive for
vacuum stability
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Fate of the SM

Higgs potential V= p2¢T¢p + M7 ¢)? w

scale dependence of the quartic coupling
I renormalization group equation (RGE)

d!

s (Higg9 + (gaugg ! (top) + aa

| @high E! positive? (stable vacua)
or negative? (unstable vacua)
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Fate of the SM

800 17 [T T[T T[T T T ,
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Djouadi, hep-ph/0503172 Buttazzo, etal. arXiv:1307.3536
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Summary

What's Next?

beyond the SM
many possibilities
see many talks in this WS
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