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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

@ Study properties of the W* boson

@ Study properties of the Z° boson

@ Study properties of the t quark

@ Theory+Experiment to “discover” the Higgs boson
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

@ W™ polarization vector
@ electron final state
@ anti-neutrino final state

Tﬁ = E“U(k) V(k/)
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Electroweak Measurements Properties of the W= boson
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Properties of the t quark

@ W™ polarization vector
@ electron final state

@ anti-neutrino final state
@ EW vertex

Tii = etu(k)(-i

Tranoo w2V (K)
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

@ W™ polarization vector
@ electron final state

@ anti-neutrino final state
@ EW vertex

(i 55 (K)
ME = e eV (K)
V) (2 )l 2= Tu(k)
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Electroweak Measurements

Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

@ W™ polarization vector
@ electron final state

@ anti-neutrino final state
@ EW vertex

0 70T =10 and 7 = 707,7°
Ti = UK g 22V (K)
MP = 3 U)oV (K)
eu*vf(k/)(lzvs),yyf fs?n@ 7oJr u(k)
MP = 3 e UR) (- gtV (K)
VK (3521270 u(k)

Dirk Zerwas Particle Physics: The Standard Model
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M2 = —€ SV nerr(k vy Iy (k) (k! ﬂvofy,,u k
ro2 2

2sin? Oy
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

@ common factors and v

MP = gty I e il (VIR 5= )

m > et U(K)u(L — )V (K)V (K')(L + v5)mu(k)
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Electroweak Measurements Properties of the W= boson

Properties of the Z° boson
Properties of the t quark

@ common factors and v

@ initial state Spin average and polarisation vector
relationship

|M‘2 - 2$|n 9w Z ele’ U (k)/yﬂl_%v(k/)VT(k,)l 75’70’Yuu(k)
- 8$i§§0\,\, > et (k) y(1 — y5)V (K)V (K") (L + 5)7,u(K)

= m 22(=g")u(k)y,(1 — v5)v (K (K)(1 + 7)1 u(K)
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Electroweak Measurements Properties of the W= boson

Properties of the Z° boson
Properties of the t quark

@ common factors and v

@ initial state Spin average and polarisation vector
relationship

@ Spinor relationship

MR = o8 3 e Tk, 2 (K OV (k) 2554 0,u(K)
- 85i§§0\,\, > et (k) y(1 — y5)V (K)V (K") (L + 5)7,u(K)
= ﬁ > (=) U(K)u(1 = 25)Vv (K (K') (L + 75)7u(k)

= m Tr (Kyu(1 = y5) K'(1 +5)7")
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Electroweak Measurements Properties of the W= boson

Properties of the Z° boson
Properties of the t quark

@ common factors and v

@ initial state Spin average and polarisation vector
relationship

@ Spinor relationship

° Tr(O...3775) =0

M = o 9w > e (k) y, i 22 v (K )V (K) 25590y, u (k)
- 8$i§§0\,\, > et (k) y(1 — y5)V (K)V (K") (L + 5)7,u(K)
= ﬁ S (=97 0(K) (1 — v5)v (K)V (K') (1 + v5)vu(K)
= sraa T(k7u(L = 98) K'(L+8)7")
- m[ F( Ky K'y#) = Tr( Kyuys KysyH)]
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Electroweak Measurements Properties of the W= boson

Properties of the Z° boson
Properties of the t quark

@ common factors and v

@ initial state Spin average and polarisation vector
relationship

@ Spinor relationship
° Tr(O...3775) =0
MP = g e e (k) 7w (KO (K) 25220 (k)

- 8$i§§0\,\, > et (k) y(1 — y5)V (K)V (K") (L + 5)7,u(K)
= ﬁ S (—=g#)a(K) v, (1 — ys)v (K )WV (K') (L + vs)yu(k)
= sraa T(k7u(L = 98) K'(L+8)7")

- m[ F( Ky K'y#) = Tr( Kyuys KysyH)]

= saacra T (K Ky™) 4 Tr (Ko Ky*)]
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M2 = ﬁ[“(km Kyt
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Properties of the Z° boson

Properties of the t quark

o Tr ('VM’YV’Yp’YU) = 4(guvgpa + 9uoc9vp — g,upgmf)

M2 = 12375220 [Tr ( Ky K'v#)]
= SSEfZe k*K"°9"? (9,1 9p0 + GuoGrp — GupGuo)
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

o Tr ('VM’YV’Yp’YU) = 4(guvgpa + 9uoc9vp — g,upgmf)

M2 = 12375220 [Tr ( Ky K'v#)]
= SSEfZe k*K"°9"? (9,1 9p0 + GuoGrp — GupGuo)

= 35;;*29 (K-K 4Kk -k —k-K -4)

Dirk Zerwas Particle Physics: The Standard Model



Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

o Tr ('VM’YV’Yp’YU) = 4(guvgpa + 9uoc9vp — g,upgmf)

_ a2
M2 = lZsir?ZG) [Tr ( Ky K'*)]
= SSEfZe K K'"9"% (9,900 + G0 9up — Gpupuo)
= gaga (KK kK —k-K-4)

_ 2¢e? k!
3sin? Oy
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

o Tr ('VM’YV’Yp’YU) = 4(guvgpa + 9uoc9vp — g,upgmf)
o m2, =s=(k+k')?=k?+k?+2kk' ~ 2kk’

MP = e T (K K]
= St KK Qe + QoG — Qo)
= gaga (KK kK —k-K-4)

= e, M
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

o Tr ('VM’YV’Yp’YU) = 4(guvgpa + 9uoc9vp — g,upgmf)
o m2, =s=(k+k')?=k?+k?+2kk' ~ 2kk’
@ ME isotropical (as should be for unpolarized decay!

_e2
MP = o [T (ko K)
—e? vo
- SSlneG k“k’pg (glﬂ/gﬂv_"guagup gupgua)

_ _—e% ’ / e
= Fenley —s—(k-kK+k-kK—k-k'-4)
_ 2% L
3sin? Oy K

e? 2
T 3sin?6y M=
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

o Tr ('VM’YV’Yp’YU) = 4(guvgpa + 9uoc9vp — g,upgmf)
o m2, =s=(k+k')?=k?+k?+2kk' ~ 2kk’
@ ME isotropical (as should be for unpolarized decay!
_a2
MP = TZanzay, LT (K Ky™)]
—e? vo
- SSlneG k'k"g (gl"/gpo + 9uoQvp — gupgvg)
_ —e? ’ / /
o 3sm9(kk+kk k'k'4)
_ 2e?
3sinZ6y k'

2
e 2
T 3sin?6y M=

o 1 mp
dlevy, = &z \/§dQ

Dirk Zerwas Particle Physics: The Standard Model



Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

o Tr ('VM’YV’Yp’YU) = 4(guvgpa + 9uoc9vp — g,upgmf)
o m2, =s=(k+k')?=k?+k?+2kk' ~ 2kk’
@ ME isotropical (as should be for unpolarized decay!
_a2
MP = TZanzay, LT (K Ky™)]
—e? vo
- SSlneG k'k"g (gl"/gpo + 9uoQvp — gupgvg)
_ —e? ’ / /
o 3sm9(kk+kk k'k'4)
_ 2e?
3sinZ6y k'

2
e 2
T 3sin?6y M=

1 M
dFe,,eL = i s dQ
B _ 1 1 e? 2
r% T 64n2 Myt 3sin? Oy My ar
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Properties of the Z° boson

Properties of the t quark

W= partial widths

_ — 1 é?

re”"l 167 3sin? 6y M+
e? — 86 m2

—_—— = —Mm

sin® 6y V2 W
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

W= partial widths

1 e?
re”"l 167 3sinZ gy, WE
e? — 86 m2
: —Mm
sin® 6y V2 W
_ _ 1 3
FeVeL G — my,+
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

W= partial widths

re”"l 167 3sinZ g, = WE

e? _ G 2
sin 6y 8 V2 My

_ _ 1 3
le = Gips 73 M

1 3 )
[ud = Gmmwi3 Vud]|
as(m? ;)
(14 —2=)

To include the radiative
corrections means inclusive:

ad = ga(g)
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

W= partial widths Branching ratios

2 —
rel'eL ﬁﬁmwi r - reVeL + rWuL + rTVTL
e? _ QG m2 Mug+ T
T e (; 2 C;)r
_ — _1 -3 ~ + 2. -
Gl B(¢ 30%
G = Gﬁm\?;vi3 ‘Vud|2 ( V) - °
(1+ O‘S( 3\/;[:))
To include the radiative
corrections means inclusive:

ad = ga(g)
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

W= partial widths Branching ratios

2 —
reyq_ ﬁﬁmwi I = reyq_ + rw,HL + rTVTL
e? _ QG 2 Fug+ T
T Sﬁ_mWi (; 2 C;)F
_ 1 3 ~ +2-
B(¢ ~ 30
G = Gﬁm\?;vi3' Vualf (tv) °
O‘S(ms\/j:) )
14+ —3*) o tbfinal state excluded by
. . mass 180GeV 80GeV
To include the radiative >
corrections means inclusive:

ad = ga(g)
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

W= partial widths Branching ratios

2 —
Meze ﬁﬁmwi r = Teq + T + T
e? _ QG 2 Mug+ T
sin®6y 8\/§mWi (; ) C;)r
_ 1 3 ~ G 2o
re,jeL = Gﬁﬂ'\/émwi (V &y
B/ ~ 30
lMGd = Geﬂlx/im\?;vi& Vua |f (tv) °
as(mf ) .
14+ —3*) o tbfinal state excluded by
. . mass 180GeV 80GeV
To include the radiative . >
corrections means inclusive: @ Vj fori # j excluded
Vij <1

ad = ga(g)
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

Hadron colliders

q
q
@ leptons or jets @ no leptons :)
@ each vertex Gg @ each vertex gg
@ LHC:seaq @ jet-jet mass only difference
@ LHC NLO: gluon (splitting) to signal
0 Vi=m& @ LHC: 10* lepton-jet
o X% \/5 = m\:ll:v rejection
@ /s ~ 3-2m (gluon 50%)
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The discovery machine

@ SPPS transformed to
SPPS

@ /s ~ 600 GeV
@ stochastic cooling
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson
Properties of the t quark

The discovery machine

@ SPPS transformed to
SPPS

@ /s ~ 600 GeV
@ stochastic cooling

TeVatron
@ pp
@ /s <1.96TeV
@ ~ 10fb?

@ fb cross sections
measureable
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Electroweak Measurements Properties of the W= boson

Properties of the Z° boson
Properties of the t quark

The discovery machine LHC
@ SPPS transformed to 9 pp
SPPS @ /s < 14TeV
@ /s ~ 600 GeV @ luminosity of anti-protons

@ stochastic cooling @ gluon PDFs dominate
' @ QCD cross sections
increase more rapidly than
@ pp the signal
@ /s < 1.96TeV @ 2011: 7TeV ~ 5fb~?

2012: 8TeV ~ 25fb—1
2015: 14TeV-X

@ ~ 10fb?

@ fb cross sections
measureable

e ©

~
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Properties of the Z° boson

Properties of the t quark

Transverse Energy

F [
mi glooooj W e
ET TW g : ¥2/dof = 60 / 62
5000
@ Problem Solving i
- L ‘
@ 2-body decay o n -~
@ particles massless -
@ maximal energy half of the : :

@ finite width

@ final state radiation
@ detector effects

@ ISR

Dirk Zerwas Particle Physics: The Standard Model
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Properties of the t quark

Transverse Mass

> r -
215000} Wy
mr = m(/ET’ pZ) % E X2ldof = 58/ 48
10000~
@ E; negative sum of 5000~
activity N
. - . 9
@ ignore longitudinal ® 7° % o) Gev)
component
. . i
@ maximal mass is my Experimental Results
@ less sensitive to NLO

CDF 80.413 + 0.048Ge
DO 80.401 + 0.043 Ge
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

Lepton Colliders

@ CM system is lab system
@ /5 = /s (modulo ISR)
@ initial state charge zero
@ pair production

Dirk Zerwas Particle Physics: The Standard Model
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Properties of the Z° boson

Properties of the t quark

~RLEPH.

205 [T u

@ WHW~ — qqoq 50%
@ WHW~ — /vqq 40%
@ WHW~ — /vly 10%
@ 90% useful with v = E

- ww evqq channel ]

= qq
7z

Number of events per GeVic
B ke
5 K o S
8 & & &

IARARS asas manas

L I

~

o
T
L

@
3
T
L

N
]
T
L

{

o

T ) e
30 40 50 60 70 80 90 100 110 120
2C Mass (GeVA)

Semi-leptonic
@ low background

@ use separately leptonic
decay and hadronic decay
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Properties of the Z° boson
Properties of the t quark

Fully hadronic
@ QCD background

@ jet reconstruction and
calibration

@ Color reconnection (jet
algo)

>
[
m
T
I

e
S
3

=
3
3

- ww 4q channel  J

@
<]
3

Number of events per GeVic
5
8
3

30 40 50 60 70 80 90 100 110 120
5C Mass (GeVA)

Experimental Results

ALEPH 80.440 + 0.051 GeV
DELPHI 80.336 + 0.067 GeV
L3 80.270 + 0.055 GeV
OPAL 80.415 + 0.052 GeV
PDG 80.399 + 0.023 GeV
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Electroweak Measurements

Properties of the W= boson
Properties of the Z° boson
Properties of the t quark

WW Cross section

WW Interpretation

@ threshold scan sensitive to

© tchannel alone:

W mass insufficient
@ width washes out threshold @ adding YWtW~ still
insufficient
g 2{LEP erelwmary ] © unitarity not proven
bg YFSWW and Racuuu‘\“’w .
5
10 | ~ PRELIMINARY
’ W 3
| 20 1
o T ‘wo 200 - 205 g *
160 180 200 10 1
Vs (GeV) J e,
A ) us\y Ve excehaigg (Zenil)e)
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

- . = 0.4 T
g ’ X A aep
. ol [ R QED corrected OPAL
- < ¢ average measurements
2 ALEPH
o) DELPHI ozr 1
L3
30l OPAL f
o
Arg
0
20 -
IR —
Increased by factor 10) /
J 02t ]
10 F—oiromfit
..... QED corrected
. -
I

Experimental Issues Predictions/Measurements

@ measure beam energy @ Radiative corrections
precisely important

@ measure efficiency @ Interference zero on peak
precisely

Dirk Zerwas Particle Physics: The Standard Model
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Properties of the Z° boson
Properties of the t quark

ey 3105 T T
= H z
B i
o[ ALEPH w0l .
o DEL PHI ?; \ e e —hadrons
L3 ol \\
OPAL N
20t \
bt | \
by factor 10 ) AN - |
10} / AN g T SLC
! N U JEERPL L LEPIL
0 20 40 60 80 100 120 140 160 180 200 220
Centre-of-mass ener gy (GeV)
08 B w0 92 o
E,, [GeV]

Impressive agreement over
@ decades in time

@ 3 generations
@ 91.1875 + 0.0021GeV
@ 2.4952 + 0.0023 GeV

@ different machines
@ different energies
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Properties of the Z° boson
Properties of the t quark

Forward/backward asymmetry

1 do 0 do
fO dcosed COS@—‘/;l dcos@d cos

1 do 0 do
fO dcosed C089+f71 dcos@d cos

AFB (f) =

Measurements

. Agr —o—‘ 0.23099 + 0.00053

@ Arg is a measurement of

sin? 6y
A v 0.23221 +0.00029
° Ieptons S A +—*——  0.23220+0.00081
@ hadrons hard o’ e — 02324 £ 0.0012
@ leptons with polarization “VE’:S‘* i 23153 0.00018
1

m, [GeV]

Open question

Do leptons behave differently st om0
than hadrons? 0.23 DR p g, B
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Electroweak Measurements Properties of the W= boson
Properties of the Z° boson

Properties of the t quark

Experimental issues ”

@ jet reconstruction Gl /%
. i : 2120 3
@ jet calibration 8o 7
bt i rl zg— m; 1-tag
@ b tagging g /
@ W mass constraint ‘&
g m; (GeVic)
@ all final states used

3 ii‘; * Data (5.6 fb)
Experimental result 3 Bsionai+eigs
100 Bkgd only

PDG 172.9+0.6+£0.9 GeV

miec° 1-tag

Events/(10
@
[=]

miece (GeV/c")
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The Higgs Boson

Perturbativity and Unitarity

@ unitarity of WW scattering (see WW)
@ width smaller than mass
@ upper limit on Higgs boson mass
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The Higgs Boson

Perturbativity and Unitarity

@ unitarity of WW scattering (see WW)
@ width smaller than mass
@ upper limit on Higgs boson mass

Triviality

RGE solution Quartic coupling (only Higgs sector for large \):

MQ?) = A(VA)[L- ZA(v?)log &S]t

® Q > Vv — )\ = oo Landau pole

@ Q=0— \=0 (trivial)

@ ¢* must be trivial if valid at all scales
@ navigate between the poles

Dirk Zerwas Particle Physics: The Standard Model



The Higgs Boson

Stability

RGE solution including fermions (small \):

4
t

MQ?) = A(v?) o[+ (12T + 294 + (95 + 92)?)] log &

@ ) small — top yukawa can turn A <0
@ Higgs potential unbounded

500\\‘\\‘\\‘\\‘\\‘7

600 m, = 175 GeV

Consequences

A: cut-off scale for new physics
@ my < 700 GeV

Hmmmmﬁ @ window for SM valid up to

oy(My) = 0.118

My [GeV]

{03 108 10 1012 010 1018 GUT scale at 125GeV

A [GeV]
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The Higgs Boson

Measurement Fit  [0"-0Mg™e 6l = 02 50
0 3
5] 00, =
m,[GeV] 91.1875+0.0021 91.1874 — 0.02750+0.00033
r,[GeV] 24952400023 24959 fm ++0.02749+0.00010
oh[nb]  41540£0.037 41478 4 -+ incl. low Q7 data
R, 20767 +0.025  20.742 mm—m
A 0.01714 £ 0.00095 0.01646 < 3
<
Ry 0.21629 + 0.00066 0.21579
R, 01721400030 01722 27
A 0.0992+0.0016 ~ 0.1039
AY 0.0707£0.0035  0.0743 14
A, 0.923+0.020 0.935 I;Eguded excltlfdicd
A, 0.670 £ 0.027 0.668 0
A(SLD) 0.1513+0.0021  0.1482 e 40 200
my[GeV] 80.399+0.023  80.378 jmmmm
rylGev]  2.085+0.042 2092 |
m, [GeV] 173.20 + 0.90 173.27
auyaon o 1 2 3

EW measurements
@ internally compatible

@ largest deviation:
asymmetry




The Higgs Boson

Measurement Fit  [0"-0Mg™e 6l = 02 50
0 3
5] 00, =
m,[GeV] 91.1875+0.0021 91.1874 — 0.02750+0.00033
r,[GeV] 24952400023 24959 fm 0.02749+0,00010
oh[nb]  41540£0.037 41478 4 incl. low Q? data
R, 20767 +0.025  20.742 mm—m
A 0.01714 £ 0.00095 0.01646 < 3
<
Ry 0.21629 + 0.00066 0.21579
R, 01721400030 01722 27
A 0.0992+0.0016 ~ 0.1039
AY 0.0707£0.0035  0.0743 14
A, 0.923+0.020 0.935 I;Eguded ) excltlfdicd
A, 0.670 £ 0.027 0.668 0 :
A(SLD) 0.1513+0.0021  0.1482 e 40 100 200
m,, [GeV]
my[GeV] 80.399+0.023  80.378 jmmmm
rylGev]  2.085+0.042 2092 |
m, [GeV] 173.20 + 0.90 173.27
auyaon o 1 2 3

Higgs boson mass:

@ internally compatible
@ largest deviation: my = 94723GeV

asymmetry

irk Zerwas rticle Physics: The Standard Model




The Higgs Boson

\s=7 TeV

E | L L L n L
100 200 300 400 500

1000
M, [GeV]

Higgs boson production

@ gluon fusion (NLO> 2)
@ VBF (0(20%))

@ associated production

@ radiation off heavy quark

Dirk Zerwas Particle Physics: The Standard Model




The Higgs Boson

Experimental issues

@ huge QCD background for
jets
@ mass information?

\s=7 TeV

@ mass resolution?

@ total cross section

102k 3
:160 260 300 400800 000 ~mb= 10_3b
My, [GeV] _
@ signal ~ pb=10"1%p

Higgs boson production

@ pile-up

@ gluon fusion (NLO> 2)
@ VBF (0(20%))

@ associated production

@ radiation off heavy quark

Dirk Zerwas Particle Physics: The Standard Model




The Higgs Boson

N

N
T

Higgs BR + Total Uncert
=
5

Higgs BR + Total Uncert

=
<,

10°

L 3 \
100 120 140 160 180 200 10" 700 200 300 400 500 1000
U 1ced] M, [GeV]

Low mass Higgs boson

@ heaviest fermion
dominates: b

@ gauge boson pairs (one
off-shell) kick in

@ thresholds visible




The Higgs Boson

N

Higgs BR + Total Uncert
Higgs BR + Total Uncert

, \
100 120 140 160 180 200 10" 700 200 300 400 500 1000
U 1ced] M, [GeV]

Low mass Higgs boson High mass Higgs boson

@ heaviest fermion @ gauge bosons dominate
dominates: b @ top threshold 350 GeV

@ gauge boson pairs (one @ /s dependence in gauge
off-shell) kick in bosons

@ thresholds visible




The Higgs Boson

@ WW EW production
@ no mass peak

¢ data

[Om=125Gev |
ww

mw
top

W ZHjets
Wejets

Entries / 5 GeV
S
T
—

N w
S 8
T T
R
%
e

140 — — =
ATLAS o G 10 b | +
120~ {s=8TeV,[Ldt=58f* [Ja [ SngeTop B % ﬂﬂi T

© [ z+iets [ Weets
H-WW _evpv/pvev + 0/1 jets [ HnzsGev

10

Events / 10 GeV
o

8l

=]

6

4

Using the spin correlation
—s @ Higgs Spin-0
@ W opposite

@ charged leptons emitted in
the same direction

20

m; [GeV]
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The Higgs Boson

% ooy ATLAS 4 oma 3

- . = E ——— Sig+Bkg Fit (m =126.5GeV) 3

@ Rare decay (via triangle) P el o s oo 3
as 7 is massless 102

@ SM background from o T Hew 3
continuum di-photon f-émg;mM a3
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The Higgs Boson
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The Higgs Boson
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A new resonance
@ discovery convention: 50

A success of particle physics

@ discovery 50 years after
the prediction

@ independent discovery in
two experiments
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The Higgs Boson
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The Higgs Boson

3’“"' L=4.6-5.1(7 TeV)+12-21(8 TeV) fb”', 68% CL: ATLAS + CMS
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Higgs couplings

@ global sensitivity 15%

@ smallest errors for gauge
boson couplings

Dirk Zerwas

article Physics: The Standard Model



The Higgs Boson
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Higgs couplings future
@ luminosity 3000fb—1
@ global sensitivity 5%

@ precision of the order
10-20%

Higgs couplings

@ global sensitivity 15%

@ smallest errors for gauge
boson couplings
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Outlook

Gauge couplings

@ Planck scale (gravity) 108GeV

@ unification of g4, g», g3 at
1016GeVv?

@ Standard Model: close miss
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Outlook

Gauge couplings
@ Planck scale (gravity) 108GeV o

@ unification of g4, g», g3 at “05
1016GeVv? sor

20 -

sof

@ Standard Model: close miss

10+

O\ L L L L L L L ]
Supersymmetry e a0k o
@ fermionic degree of freedom has
a bosonic counter part

@ unification g1, g», g3 at 1016GeV
@ light < 140GeV Higgs boson
@ stabilizes the Higgs boson mass

@ dark matter candidate
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Outlook

Gauge couplings
@ Planck scale (gravity) 108GeV

@ unification of g4, g», g3 at “05
1016GeVv? sor

@ Standard Model: close miss

O\ L L L L L L L ]
Supersymmetry e a0k o
@ fermionic degree of freedom has
a bosonic counter part

Experimental evidence

@ unification g1, g», g3 at 1016GeV
@ light < 140GeV Higgs boson
@ stabilizes the Higgs boson mass

@ half discovered?
@ or nada?

@ dark matter candidate
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Outlook

@ The Standard Model is alive and kicking
@ The Higgs boson be discovered:
@ What are the couplings of the Higgs boson?
@ What is the self-coupling of the Higgs boson?
@ Is it a Spin-0 particle?
@ Neutrinos
@ Mixing in the leptonic sector
@ Is the Neutrino Majorana or DIRAC?
@ Are there new physics beyond the Standard Model?
@ Supersymmetry
@ Extra Dimensions
o ...
@ What happens up to the Planck scale at 1018GeV?

@ Desert from EW to GUT scale?
@ Unification of the 3 forces at the GUT scale?

o
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