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WHAT WE KNOW

SM Is a gauge theory based on suE).esv@)LeU@)y

3

1 v 1 a auv 1 v . T.J ) T '
Licinetic = _ZB/M/BH e ZW,U,I/W ey ZWSVWI)M T Z (\Ij% 1)\11%4 7 \IJ% @\If‘}%)
j=1
Trr=(32)18(3,1:0(3,1) 112 1 (1,1), (3 couplings)

Thursday, May 31, 2012



WHAT WE KNOW
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Unbroken gauge symmetry forbids mass terms:
vacuum must respect a smaller symmetry

SU(S)C & U(l)Q

Mass terms can be written,

3
Lrmass = Y _ [ M} up + dy M7 dg + €7 MY jeg] + h.c.
i,j=1

W2+ om3, 2 O(20) parameters
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Mass for gauge bosons implies new degrees of freedom

A A
—
\ % \4

The extra degrees of freedom are Goldstone Bosons

SU2)r @ ULy — U(1)o

They become longitudinal polarizations of W & Z

Important hint:

e, L 5 Custodial Symmetry
t=r=> i >

m3, cos? Oy SU(2).

Thursday, May 31, 2012



In principle the Higgs scalar 1s not necessary for EVWSB

1
AWIW, - WiW,) = (s +1t)

(%

Interactions become strongly coupled around TeV.
Perturbativity Is violated at

A ~ 3TeV
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In the SM electro-weak symmetry is broken through a
scalar doublet with Y=1/2

V(H) =X (H? - v?)°

H(z) = U(z) ( e ) | v =174 GeV
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In the SM electro-weak symmetry is broken through a
scalar doublet with Y=1/2

V(H) =X (H? - v?)°

) ( . > , v = 174 GeV

VEV breaks symmetry. The Goldstone Bosons in U(z) are eaten
oiving mass to W & Z. Higgs sector respects custodial symmetry

SU(2)L ® SU(2)r
SU(2)L+r

It SM Is correct only unknown Is the quartic/mass

mh:\/Xv
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In the SM:

W W
4 1
i o AW RS A
Sl

Amplitude does not grow so SM can be valid up to
the Planck scale.
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In the SM:

W-I— W-I—

- m = . 1 2
—I_ A(WZFWE%WZFWL_):— P s s = 1)

"

Amplitude does not grow so SM can be valid up to
the Planck scale.

QUANTUM

* Hierarchy problem | MRS
* Dark Matter | O
a
* Origin of Yukawas, CP O

* Explains nothing e
0
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(+ Moriond Update)

Atlas and CMS presented results based of 5/fb luminosity.




Main goal of LHC:
discover the force that breaks electro-weak symmetry

-

1D = Uy (Ohy (€ ST 6 UL 2R e AT 9011 : E =7 TeV
h(?) + new physics 2012: E =8 TeV
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Higgs production at LHC:

o) \s=7TeV |2
=10
% :
E: ¢
f
gl
o
10"}
102 a
Production
100 200 300 400 500 ____ 1000
M, [GeV]
I\ S w.z
ggH ' .~ & VBF =2 " VH
W, 7z
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Higgs decay:

-t
|

8 Fbb E
g N I
2
r = 2
= 10T
S
10%
Decay
10”700 200 300 500 1000
M, [GeV]
Higes @ 125 GeV:
BR(h — bb) = 58% BR(h — WW7*) = 21.6% BR.(h — 7iing) =162
BR(h — ZZ*) = 2.7% BR(h — gg) = 8.5% BR(h — 77) = 0.22%
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Excess @ 126 GeV, local significance 2.8 SD.
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CIMISE
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Excess @ 124.5 GeV:
local significance 2.9 SD, 1.6 SD globally
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Atlas has 3 events at [24-125 GeV: 2.1 SD
@Srhas 2 events at | 25 GeV but also 3 at | [9- 120 Ge:
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2e2y candidate with m,,, = 124.3 GeV

pr(e*, e, u,u)=415,26.5,24.7,18.3 GeV
m(e*e)= 76.8 GeV, m(u'y) = 45.7 GeV

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST
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Best fit o/c,,

Fitted signal strength o/og,

. CMS F;reliminar;. \s =7 TeV

C L=46-481"

.................................

1950 115 120

' 68% CL band |

125
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Higgs boson mass (GeV)

H—- bb

H-o 1t

H-oyy

H->WW

H»Z2Z

Comparison of channels
for M=125 GeV

m,, = 125 GeV ' CMS Preliminary

: =7 TeV
B Combined (68%) \S
L=46-481b'

-~ Single channel

-1-050 05 1 15 2 25 3 35 4
Best fit cr/crSM

e The fitted o of the excess near 125 GeV is consistent with the SM
scalar boson expectation

At low mass several channels show some excess
— At 125 GeV all sensitive channels show an excess consistent with signal

expectations
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Breakdown of an observed excess

ATLAS Preliminary 2011 Data | Best fit signal strength p = o /osu:
- Obs. P
- EXp. Ldt = 4.6-4.9 fb

_ Ealy;
(1426 \s=7TeV

—
o

ATLAS Preliminary 2011 Data

-~ Best fit j Ldt = 4.6-491fb"
F-2InA(p) <1
\s =7 TeV

95% CL Limit on o/c,,
Signal strength

—
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Excess of events observed at 126 GeV:

@ Observed local significance 2.5¢0 (expected 2. 90).
o Best-fit signal strength at 126 GeV: i = 0.9193

@ Global probability of such a background quctatlon
anywhere in the full explored mass range (110-600 GeV): 30%;

in the mass range (110-146 GeV): 10%.

INTRODUCTION / HIGH-my SEARCH: £8vv, £Ljj, fvjj / LOW-my SEARCH: 4£, vy e £Lvlv, bb, T / COMBINATION / END?

Thursday, May 31, 2012



\s=7TeV

| L=46-481"

|

- CMS Preliminary |

—ea— Observed

| B Expected (68%)
{ sones Expected (95%)

b -
1

-4
4

-4

% 10
= 10—' LI LA LI A L LU LI L AL Y L - b
o | ATLAS Preliminary 2011 Data 4§ “
B i — Obs. 1 : -
S i - EXp. J Ldt =4.6-4.9 fb 1 2
= : Biic ~ 1=
% 12 \s=7TeV E
= —J
Q 1F 3 O
R f iRV
@ | 1 ©
- ~ (0))
10-1::— '—:
- CLs Limits n
N P B PR PR B 1l
100 200 300 400 500 600 107

llill

| |

my, [GeV 100

iRSIIeoRe(STs It miust be at [25 GeV!

200

7300 400 500
Higgs boson mass (GeV)

Thursday, May 31, 2012



IMPLICATIONS




SM HIGGS!

1 V2 h
©= §(aﬂh)2 — V(i) =T (D, ZTDEYE) |1+ 20— b ...

L h
—mzszZ 1—|—C; S sz‘FhC

ATLAS [Vs =7TeVi<49f7']

. my = 125 GeV
ceses 68% CL
——- 95% CL
— 9% CL

we=e 95% CL
— 95 CLL

-~
ﬁ--

Azatov, Contino,
Galloway 12
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Can SM be the whole story?

d 1
— = 240% — 6y; + ...
; 350 B ™' | ' '] rTrrJrrrrrrryrrro1r 117117 ]
1] | -
S _ —— Perturbativity bound i
oF - "] Stability bound -
300 |— ) = 2ot ] Finite-T metastability bound |
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200 — —
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150 — —
— LEP exclusion =
100 T e T e AT
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Iogw(A/ GeV)

Giudice et al.
1112.3022
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Can SM be the whole story?

dA\ 1
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Stability:

my, > 130 GeV 4+ 1.8 GeV (mt =132 GeV) —0.5GeV (QS(MZ) —0.1184

+3 GeV
0.9GeV 0.0007 ) 6

Metastability:

my, > 111 GeV + 2.8 GeV ( 019GV STTE

my — 173.2 GeV) 09GeV (as(l\/fz) — 0.1184) L 2 GV

Thermal Stability:

my, > 121.7GeV + 2GeV (mt —173.2 Gev> 06GeV (as(Mz) —0.1184

0.9 GeV 0.0007 ) =3GeV
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0.3

0.2

0.1-

0 T » RGE scale
104 106 108 1010 1012 1014 1016 1018 1020 in GeV

|26 GeV Higgs only marginally compatible with  Atm,) =0
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NEW PHYSICS




NATURALNESS

Higgs mass only relevant operator in SM:

haive coefficient

[¢7] =~ 2




NATURALNESS

Higgs mass only relevant operator in SM:

haive coefficient

[¢°] =~ 2
Perturbatively:
h 2
............... i oms = :%Af
h h 92 + 3¢'
------- '""'" Ui

A2

g

—

At ~ ?)mh

Ag ~ 9mh
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Iwo paradigms:

* Weak Coupling:

Supersymmetry
I"‘-t:.~\\
h : ) :
"""""""" SR LSS R ~ 100 GeV
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Iwo paradigms:

* Weak Coupling:
Supersymmetry

e Strong Coupling:
Technicolor, Composite Higgs, Higgsless, Extra-dimensions ...

TeV
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SUSY

MSSM tree level:

mp, < M, cos2( @ LEP : my > 114 GeV
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SUSY

MSSM tree level:

mp, < M, cos2( @ LEP : my > 114 GeV

Radiative corrections

Possible, but

AmH 7
TUNING =~ > ——=log —
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CMSSM bounds:

, , ~0
Squark-gluin@-neutralino model, m(x1) =0 GeV
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Still ways out:

Large A-terms

Natural SUSY :
R-parity

NMSSM Violation
Compressed Split SUSY

Spectrum o, tial SUSY
Tuning
PMSSM

None terribly convincing...




Natural SUSY:

Stops can still be light!
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STRONG DYNAMICS

* Large Extra-Dimensions:

Always problematic for flavor physics and precision tests.




STRONG DYNAMICS

* Large Extra-Dimensions:

Always problematic for flavor physics and precision tests.

Strong gravity at the TeV scale:

4 (g LT o i - TV
s T — mp 1n multi — TeV range

mp




* [echnicolor (Higgsless)

SU2) ® SU(2)g
SU(2)L+r

(T 0%) ~ 0?69 ——

Longitudinal polarizations of W & Z are composite states.
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* [echnicolor (Higgsless)

SU2) ® SU(2)g
SU(2)L+r

(T 0%) ~ 0?69 ——

Longitudinal polarizations of W & Z are composite states.

No Higgs scalar but techni-resonances (spin O, I/2, | etc.).

m, < 3TeV

mwyw — 80 GeV

Clearly ruled out If Higgs confirmed.
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Georgi, Kaplan ‘80s

e Composite Higgs:
Higgs doublet could be a light remnant of strong dynamics.

spin |

Strong sector:

resonances + —> spin /2
Higgs bound state

ol G,

1
2

Iwo parameters:
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Georgi, Kaplan ‘80s

e Composite Higgs:
Higgs doublet could be a light remnant of strong dynamics.

spin |

Strong sector:

resonances + —> spin /2
Higgs bound state

ol G,

Iwo parameters:

* Relieves hierarchy problem

3\2
om3 ~ “Ztm?
mh 47‘(‘ m
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Particularly compelling it Higgs i1s a Goldstone Boson:
Massless at leading order.

: SO(5) . |
EX SU(2)L ® SU(2)r - E5=12 Ag;;:::a,rgf%t‘l}no,
: SO(6) SO(6)
Or: SO(5) SO(4) ® U(1)

Mrazek, Pomarol, Rattazzi,
MR, Serra,Wulzer’| |
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Particularly compelling it Higgs i1s a Goldstone Boson:
Massless at leading order.

: SO(5) . |
EX SU(2)L ® SU(2)r - E5=12 Ag;;:::a,rgf%t‘l}no,
: SO(6) SO(6)
Or: SO(5) SO(4) ® U(1)

Mrazek, Pomarol, Rattazzi,
MR, Serra,Wulzer’| |

Low energy lagrangian

| | SU(2)L ® SU(2)r
D) YD N pr1

mp = gpf
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General picture:

Elementary:

Strong sector: SM Fermions

+ Gauge Fields

Higgs + (top)

Thursday, May 31, 2012



General picture:

AL g Elementary:

Strong sector: SM Fermions

Higgs + (top)

+ Gauge Fields

Gauging SU(3)xSU(2)xU('I)

mixing to fermionic operators

They talk through linear couplings:

L e = G Aydle

A
N 5 tan ¢ ~ — )
Em’i:ving — )\LfLOR —+ )\RfROR Ip > Yy Lng
Potential generated at |-loop:
m:l) )\%’R A
A5 95 1672 (7>
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Main difference from techni-color is that f is not linked to v.
Increasing  CH approximates SM.

SpeaAtlagk

m, ~ 3TeV

Thursday, May 31, 2012



Main difference from techni-color is that f is not linked to v.
Increasing  CH approximates SM.

SpeaAtlagk
m, ~ 3TeV
mh 7
mw = 80 GeV
0
Higgs I1s angle,
| Tuning
2
0 < < Dt = £ = ek
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Realized in Randall-Sundrum scenario

UV IR

)
)
) (Randall-Sundrum '99)
»
)
)

ds? = en 2 n(Eg e E
T
Higgs

»
»

Thursday, May 31, 2012



Realized in Randall-Sundrum scenario

UV IR

(Randall-Sundrum '99)

- O W T v

ds? = en 2 n(Eg e E
M -

Higgs

»

»

Connected through AdS/CFT to strongly coupled CFTs

Arkani-Hamed, Porrati, Randall "0
Rattazzi, Zaffaroni 'Ol
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Modified couplings:

.
a, b, C:1+O<P>
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Modified couplings:

[ =800 GeV

100 120 140 160 180 200 220 ST

Light Higgs wants light partners.
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Most sensitive experimental searches (1-slide snapshot)

# Looking for pair production

[CMS L=1.14fb"] TT — WbWb — bblT 1~ Er mr > 422 GeV

PAS-EXO-11-050

[CMS L=0.80 fb] TT — WbWb — b3j =B mr > 450 GeV

PAS-EXO-11-051

[eMS L=191pb?]  TT —tZtZ — (IT17)IF 55 mr > 417 GeV
PAS-EXO-11-005

[CMS L=114fb1] BB — WtWi— ITITb3jFr mp > 495 GeV
PAS-EXO-11-036 — UlbljEr

# Looking for single production

[D0 L5481  QF — Wqq — I=jjBr
arXiv:1010.1466 — Zqq — (IT17)j7

Notice: All analyses assume 100% BR to the considered channel
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---------

¢

. stops < | TeV
S\)S\( ‘. gauglnos <3 TeV '

---------

-----------

---------- Co
A7p e
\ ' Spln | /2 <TeV %

' spln | < 3TeV o

--------

T naturalness Is a good guide new states must be
around the corner and maybe seen in 201 2.

Thursday, May 31, 2012



OUTLOOK




OUTLOOK

* Within 2012 we will know If the Higgs Is fact or fiction.
e eut ICHEPR in [uly
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OUTLOOK

* Within 2012 we will know If the Higgs Is fact or fiction.
e eut ICHEPR in [uly

* No striking deviations from SM have been found but few
discrepancies exist: CP violation in D-mesons, some Higgs

couplings.
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OUTLOOK

* Within 2012 we will know If the Higgs Is fact or fiction.
e eut ICHEPR in [uly

* No striking deviations from SM have been found but few
discrepancies exist: CP violation in D-mesons, some Higgs

couplings.

o [t Higes @ 125 GeV is confirmed with couplings compatible
with SM, room for new physics getting narrow.

Universe might be tuned.
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Higgs quartic coupling A(u)

0.06
0.04
0.02 -

0.00

my, = 126 GeV

m, = 173.2 GeV
ay(M,)=0.1184

-0.02

-0.04 +

T - - -

-
.

m, = 175. GeV

ccccc
nnnnnnnnnn
tttttttttttttt
|||||||||||||||||
llllllllllllllllllll

TR TENENENENENENErEESEn,

-

-0.06

10°

103 1010 10'-.2 1014 1016 1018 102()
RGE scale g in GeV

|26 GeV Higgs only marginally compatible with

. 3G .
omi = \@:2 m; (log (

mE
mg

)+

2
Xi
P2
ms
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