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The Standard EW theory: L= L+ L higes
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with V6Tl = n’(4Td)” +n(4Te)
L ymm- Well tested (LEP, SLC, Tevatron...), £ y,..¢ ~ untested

After LEP all we knew from experiment about the SM Higgs:

No Higgs seen at LEP2 -> my> 114.4 GeV (95%cl) <«
Rad. corr's -> m,< 186 GeV (95%cl, incl. direct search bound)
v=<0>=~174 GeV; my=m,cos6, —— doublet Higgs



The Higgs problem is central in particle physics today

The main problems of the SM show up in the Higgs sector
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Vacuum energy Possible instability

Voexp~(2.10°% eV)* depending on m,
Origin of quadratic The flavour problem:
divergences. large unexplained ratios
Hierarchy problem of Y; Yukawa constants



That some sort of spontaneous symmetry breaking
mechanism is at work has already been established
(couplings symmetric, spectrum totally non symmetric)

The question is on the nature of the Higgs
mechanism/particle(s)

One doublet, more doublets, additional singlets?

SM Higgs or SUSY Higgses

Fundamental or composite (of fermions, of WW....)

Pseudo-Goldstone boson of an enlarged symmetry

A manifestation of extra dimensions (fifth comp.

of a gauge boson, an effect of orbifolding
or of boundary conditions....)

Some combination of the above



Precision EW Tests of SM Measurement

Overall they support the
SM and a light Higgs.

The %2 is reasonable:

v2/ndof~17.5/13 (~18%)

Note: does not include
NuTeV, APV, Moeller
and (g-2),

{

a, ~3.60 deviation?
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Fit — 10me_Q"/gmees
0 1 2
m,[GeV] 91.1875+0.0021 91.1874
T, [GeV]  2.4952+0.0023 24959
Opag [ND]  41.540+0.037  41.478
R 20.767 £0.025  20.742
AL 0.01714 + 0.00095 0.01646
A(P.) 0.1465 +0.0032  0.1482
R, 0.21629 + 0.00066 0.21579
R, 0.1721 £0.0030  0.1722
AP 0.0992 + 0.0016  0.1039
ADC 0.0707 £0.0035  0.0743
A, 0.923 + 0.020 0.935
A 0.670 + 0.027 0.668
A(SLD) 0.1513 £0.0021  0.1482
sin“0 (Qq) 0.2324+0.0012  0.2314
m,, [GeV] 80.399+0.023  80.378
Iy [GeV] 2.085 + 0.042 2.092
m, [GeV]  173.20 +0.90 173.27
July 2011 ﬂ 2




SIN20,,

The two most precise
measurements
do not really match!

This unfortunate
fact makes the
Interpretation

of precision tests
less sharp.

0.23099 = 0.00053
0.23159 = 0.00041

0.23221 = 0.00029
0.23220 = 0.00081
0.2324 = 0.0012

0.23153 = 0.00016

+id.ot:11.8/5

Aoy = 0.02758 = 0.00035
m= 172.7 + 2.9 GeV

sine

|
0.234




P. Gambino
n2
Plot sin26vs m,,

0.2324 | . hadr. asymm |
SIN“0
Exp. values are plotted 02320 | ® _
at the my, point that
better fits given mtexp 0.232 M;=170.9 GeV |
M, -1o
0.2318 .
M, +1o
Clearly leptonic
and hyadr([))nic 0.2316 1 sin“8 5" world av.
dasymi.s pUSh my, 0.2314 | | i
towards
different values 0.2312 | |
. lept. asymm
0.231 . .
50 100 200 300 400 500

D My, [GeV]



® The measured value of my,is a bit high (given m,)

Summer ‘11

W-Boson Mass [GeV]

TEVATRON T 80.420 +0.031
LEP2 —.r 80.376 + 0.033
Average 80.399 + 0.023
+¥iDoF: 0.8 /1
NuTeV A 80.136 + 0.084
LEP1/SLD —aA 80.362 + 0.032
LEP1/SLD/m, = 80.363 + 0.020
80 802 804 806
m,, [GeV] sy 2o

80.5 {4 ——————
— LEP2 and Tevatron

| - LEP1 and SLD
68% CL

a8
-
,,,,,,,




Plot my, vs m

m,, points to a
light Higgs!

Like [sin20 ]

B80.45

80.4

80.35

80.3

B80.25

P. Gambino

_ mW )
M,,, world average
M; +1o
B Mt '1EF ]
M=170.9 GeV
50 100 200 300 400 200

M, [GeV]



only my, / only m, My, M,
m,(GeV) 179.7+12-9 173.2+0.9 173.27+0.89
my(GeV) 158+260-88 | 122+59-41 91+34-26
log[my(GeV)]  12.20+0.39 209 +0.17 1.96+0.14
oL (M) 0.1190(28) 0.1191 (27) 0.1185 (26)
x*/dof 17.0/12 16.0/11 17.5/13
my,(MeV) 80386(13) 80365(20) 80378(14)

WA: m,=80399(23)

Rad. corr.'s predict m, and m,, very well. May be also m!

<>




Radiative corr’s indicate a light H July'11 Before LHC data

E July 20311 - 161 GaV

Sensitive
Rad Corr.s ->  to log my 5+

log,,m,(GeV) = 1.96%0.14 ? a

(5)
ﬂ'r':ll'l'lau:ﬂ =

1} —0.02750£0.00033 [ :
ti-- 0.02749+0.00010 ff {
it incl. low QF data _;: -

= 3 _
<
This is a great triumph for the '
SM: ~right in the narrow & |
allowed range log,,m, ~2 -3 - _
Direct search: m,> 114.4 GeV oJxcluded A& -
30 . 300

Tevatron
m,, [GeV] exclusion

At 95 % cl
my, < 161 GeV (rad corr.’s)
my, < 185 GeV (incl. direct search bound)



log,,my ~2 is a very important result!!

Drop H from SM -> renorm. lost -> divergences -> cut-off A

logm,, -> logA + const

Any alternative mechanism amounts to identify the physics of
A and the prediction of finite terms.

The most sensitive to logm,, are &, ~Ap and &, (or T&S):

log,,my ~2 means th_at 3GFm:§f 5 My
f, ; are compatible with gy = — —5—tg O log—+ f
the SM prediction 4”2 mz
New physics can change the bound 12107 5
on my (different f,.): well possible! _ Gpmy { m gy }
. ) g3 = —— —|log—+ /3
Some conspiracy is needed to 122" 2L "Mz
GBS|mulate a light Higgs 0_45"1 0



Can we do without the Higgs?

Suppose we take the gauge symmetric part of the
SM and put masses by hand.

Gauge invariance is broken explicitly. The theory is no more
renormalizable. One loses understanding of the observed
accurate validity of gauge predictions for couplings.

Still, what is the fatal problem at the LHC scale?

The most immediate disease that needs a solution is
the occurrence of unitarity violations in some amplitudes

To avoid this either there is one or more Higgs particles
or some new states (e.g. new vector bosons)

Thus something must happen at the few TeV scale!!




With no Higgs unitarity violations for Eq, ~ 1-3 TeV

Unitarity implies that scattering amplitudes cannot
grow mdefinitely with the centre-of-mass energy s

In the SM, the Higgs particle is essential in ensuring
that the scattering amplitudes with longitudinal weak

bosons (W, , Z,) satisty (tree-level) unitarity constraints
[Veltman, 1977; Lee-Quigg-Thacker, 1977; ...] 7Zwirner

An example: A(WE W, — Zp, ZL) (s > m%’b’)

Ll A
T'_
v .m? 8
2 > v 2

oty 2s - v
-=- —1
v2(s — m?

h
If no Higgs then something must happen!




A crucial question for the LHC

What saves unitarity?

® the Higgs

® some new vector boson
W', Z'
KK recurrences
resonances from a strong sector



Theoretical bounds on the SM Higgs mass
800 L L L L O O

Upper limit: No Landau
pole up to A 500
Lower limit: Vacuum
(meta)stability

A: scale of new physics __ goo e TR =
beyond the SM E -
o, 400 —
= No Landau pole a

| | Va|cuum |stabi|i’|cy:

gL 1 | | | | | | | | 1|

109 199 109 1012 1012 1plB8
A [GeV]

If the SM would be valid up to M, My, with a stable
vacuum then my, would be limited in a small range

depends on m,and o, —> 130 GeV < my < 180 GeV >
@D



Higgs potential / “Wrong" sign

: 2.2 4
Classic: Vil = —nw¢" +ro u2>0, A>0
H _ 2 !JZ | my
tbzﬂHE dv/dg=0 =—> v’ = L = =
2
Quantum loops: At — N ‘1+-;111¢'—+ ‘—» M(A) P {ﬁ)
(Ren. group improved pert. th) A’ g
= [exp (v (1)d11é
Running coupling t=InA/v h=top Yukawa
\fﬂu(f)
—r [31_(1) — ﬂﬂﬂsr[l +3ML —Qh + small]
2 m
iti iti i = —H and hy, = —
Initial conditions (at A=v) 0= 2 0r — 7y
v



Running coupling t=InA/v h=top Yukawa

P
% = B, (t) = const[\® + 307 — 9L + small]
2 m
.. . _ H d h — _I
Initial conditions (at A=v) %o = o an 0r =
v
. yes
Too small m,? h, wins, A(t) decreases. 1 V(o)
But A(t) must be >0 below Afor the
vacuum to be stable
(or at least metastable with 3 n
lifetime T>Tuniverse) Cabibbo et al, Sher, vacuum Unbound
Altarelli, Isidori energy
stability  m, > 130QeV + 1.8GeV (mt ;_;ﬁ;{,eev) _0.5GeV (""”S(Mg_)ﬂgﬂg'll&l) 13 GeV

D



But metastability (with sufficiently long lifetime) is enough!

, 2.2 .
Viel = —wéo +rd

we are
here

N
o~

V -
A negative

true vacuum

(something is assumed to
stabilize V at ~ M)

4

Higgs quartic coupling i)

0.06

my = 126 GeV

002

Elias-Miro’ et aI ‘1 1

me, = 1732 GeV

0.00

-0.02

-006

- 7
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10°

10* 10° 10® 10" 10'% 10 10" 10" 10%
RGE scale p in GeV

In the absence of new physics, for m, ~ 125 GeV,
the Universe becomes metastable at a scale A ~ 1010 GeV

@ But the SM remains viable up to My, (Early universe implications)



Pole top mass m; in GeV

110 115 120 125 130 135 140
Higgs mass my, in GeV

for metastability

my, > 111 GeV + 2.8 GeV (mt _ 1'?3.21'}5?) — 0.9CeV (EB(ME} —0.1184

0.9GeV 0.0007 ) =36V

Isidori, Ridolfi, Strumia ‘O1
Elias-Miro et al ‘11



Running coupling t=InA/v h=top Yukawa

\fﬂu(f)
— = By (t) = ﬂﬂﬂsr[l +3ML —Qh + small]
p & 2 m
.. _ H d h — _I
Initial conditions (at A=v) My = E an 0r = 7y
Too large m? A2 wins, A(t) increases.
) Mo The upper limit on myis obtained
(1) ~ 1 —bhyt by requiring that no Landau pole

occurs below A
Rather than a bound

Landau pole

my < ~180 GeV if A~Mqyy says where non pert
~ 600-800 GeV if A~o(TeV) effects are important
Caution: near the pole pert. theory inadequate. ?

Simulations on the lattice appear to confirm the bound
) Kuti et al, Hasenfratz et al, Heller et al



Is it possible that the Higgs is not found at the LHC?

n

Here “Higgs” means the “the EW symmetry breaking mechanism

_ . The LHC discovery range is large
Looks pretty unlikely!!  enough: m, < ~1 Tev
the Higgs should be really heavy!

Rad. corr’s indicate a light Higgs (whatever its nature)

A heavy Higgs would make perturbation theory to
collapse nearby (violations of unitarity for m,> ~ TeV)

e.g. strongly interacting WW or WZ scattering

Such nearby collapse of pert. th. is very difficult to reconcile
with EW precision tests plus simulating a light Higgs

The SM good agreement with the data favours forms
of new physics that keep at least some Higgs light



The first great result is that the LHC has
worked very well in 2011!

LHC 2011 RUN (3.5 TeV/beam)

ATLAS&CMS
~5.6 fb! each

—a— ATLAS 5.626 fb~!
—&— M5 5714 fb'
|—e— LHCh 1.217 b~

—— ALICE 4,877 ph™!
PRELIRIM&RY

Ln

B

The target of 5 fb-!
for 2011 has been
largely achieved!!

Deliverad integrated lummaosity {Tb" )
B i

LHCb :
~1.2 fb- >t

=
T

':I'I'-"Ir Apr ay Jun  Jul Aug Sep Oct
Month in 2011

[generwied JO0LL-12-01 1% 15 ichding Bl JJ8F)

This is great news for particle physics !!



The SM Higgs is close to be observed or excluded!

A robust exclusion interval for the SM Higgs:

Either the SM Higgs is very light (115.5 - 127 GeV)
or rather heavy (i.e. > 600 GeV)

The range m, = 115.5 - 127 GeV is in agreement
with precision tests, compatible with the SM and also with
the SUSY extensions of the SM

my ~125 GeV is what you expect from a direct interpretation
of EW precision tests: no fancy conspiracy with new physics
to fake a light Higgs while the real one is heavy

my, > 600 GeV would point to the conspiracy alternative



The 95% exclusion intervals for the light Higgs

LEP

ATLAS, CMS ., 600 Gev

100 110|120 1

] 1 1 1 1 P | 1 1 1 "R - L 1 ]
S0 140 150 160 170 180 190 200

m {GeV/c%)
115.5-127 GeV
_ my, > 600 GeV
The window of opportunity also allowed



neglects correlations

C‘H Eﬂ _Il I_| | |. ] 'gr
< 18 ; O fitterl;
g =
16 g | PR — 40
-l = 7
14 5 —
: :
12 —
10 < =
TRt Tt T T T IR T T E aﬂ'
H L —
6 =
M EEEEE < . Theory uncertainty 5
—— Fit including theory rs ¢
2 ---- Fit excluding theory er —
---------------------------------------------------- 1o
u 1 1 | [ l L 1 | L I L 1
100 w150 200 250 300

M, [GeV]
A light SM Higgs can only  Excl. by ATLAS and/or CMS

be in 115.5-127 GeV range, also 300 < m,,< 600 GeV
in agreement with EW tests is excluded
@©



6 December 2011 mLirr-i'_=!1ﬁ1 GeV

6) _
' A0y g =
+\ —0.02750+0.00033
44+ 0.02749x0.00010

%1+ incl, low Q° data

The new blue band
diagram X




Some “excess” was reported in the allowed m, window

Is this the Higgs signal?

We hope yes, but the present evidence could still evaporate
with more statistics

We need to wait for the 2012 run



- ATLAS Preliminary =~ 2011 Data T
— Observed 4
10 .- Expected I Ldt = 1.0-4.9fb

1+1
IZIiEGG \s=7TeV

95% CL Limit on o/cyg,,

e

CLs lelts s

NI N P PR
11EI 115 120 125 130 135 140 145 15EI

. M, [GeV]
Observed excess over SM for m, ~ 126 GeV in:

H->vy (2.80), H->ZZ*->4[* (2.106), H->WW*-> |vlv (1.40).

Combined: 3.60 (but with look-elsewhere-effect 2.30)

® The most obvious “elsewhere” is CMIS =~ ===k



Also in CMS there is an excess, but smaller (2.6 o)

. CMS Preliminary, s =7 TeV | —=— Observed _
Combined, L =46-47fo"  |mmm Expected+ 16
10 e Expected + 20 o

95% CL limit on o/cg,,

--------

1 | 1 111 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 11 1 1 1 11
10110 115 120 125 130 135 140 145 150 155 160
Higgs boson mass (GeV/c?)



Here is an attempt to put all the evidence together

95% CL limit on o/og,,

Kilminster
Zurich Jan. ‘12

- CMS Preliminary, Vs =7 TeV =~
[
. Combined, L =4.6-4.7 fb™

- = Tevatron Observed

| —=— Observed

s Expected = 1o
'j ------- Expected + 20

S . Tevatron Expected
LEP exclud&d

i

lI|:III
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110 115 120 125 130 135 140 145 150 155 160

Higgs boson mass (GeV/c?)



Peaks come and go!

CMS HIStO’y H —> yy Zurich Jan. ‘12

ofH= 7)o foH—= 1),

,4_nmsmalunlnnru ——— Observsd OLs Limit
+"'-r-?TE"|I’L-'1 ﬂﬂfb * Obsersad Bayesian Limit
12"_'“ - Madisn Expocted CLs Limit |
e EPS 1. Ofob i [R—
+ 2 E:pumuu.

Ty,

I1 40
my (GeV

e EPS (1.09/fb) LP (1 Gﬁifb)
Dec 19 (4.76/fb)

* ‘peaks’ come and go

e of course now we are
getting into interesting
territory

125 130 135

T Il 1 L '] I 1 L L L I
r'i‘ll:l 115 120

Paus

. ; 1aF GME Pfﬂlln‘lll‘lﬂr‘j‘ i — Observed Cls Limit
- g
£ 16(— ‘J_-?TEVL.-I S . Observed Bayesian Limil
I S T T Median Expected CLs Limit
T _LP 1 6ﬁfﬂ3 ............
3
= L [ |+ Expecied cLs
= |:| + 2n Expecled Cls
r B f 2 H
i) d i : [
-]
3
. : : T
1— i | 1 I. L1 1 I I 1 1 L1 I L L 1 1 I 1 1 1 J 1 L1 1 I 1 1 1 L ! il L f‘su
%10 115 120 125 130 135 140 145 150
m,, (GeV/c®)

SM

— Observed CLs Limit

-- Median Expected CL3 Limit

. I - 1o Expected CLs
: |:| EaExp-ar:ta-ﬂcLs

£

a{H-= 1)

CHS pr-allmlnarf

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

1&!.‘53"

150

1 I1d5 1 1
m,, (GeWVic?)



The Standard Model works very well

So, why not find the Higgs and declare
particle physics solved? Why one expects New Physics?

Because of both:

Conceptual problems

* Quantum gravity
* The hierarchy problem
 The flavour puzzle

Some of these problems
point at new physics

at the weak scale: eg

and experimental clues: Hierarchy
* Neutrino masses Dark matter (perhaps)
« Coupling unification
 Dark matter insert here
« Baryogenesis your
- Vacuum energy preferred

» some experimental anomalies: (g-2),, Ahints



Some NP hints from accelerator experiments

(8-2), Brookhaven ~30

ttber FB asymmetry Tevatron (mostly CDF) ~3o at large My

Dimuon charge asymmetry DO ~3.90
Wijj excess at M;~ 144 GeV CDF ~3.20

only candidate to open prod. of NP not confirmed by DO, LHC
B.->J/yo Tevatron, LHCb  ~went away
B -> 1TV BaBar, Belle ~2.50

CPV in D->n, KK LHCb

All of them could still go away!



Electron g-2: A new measurement Odom, Hanneke,

D'Urso, Gabrielse '06
a, = (g-2)/2 = 11596521808.5(7.6) 1073

2 3 4 . -
g 14+ CE(E) n C.;(E) n Cﬁ(ﬁ) n CE(E) .  Best determination
. 7 T ™ T of o
QED
+ Ayur T Apadronic T Aopdh

Sa,, small o'= 137.035999710(96)
a(hadron) = 1.671 (19) X 10712
a(weak) = 0.030 (01) X 10~12 10 5 PPP=10, 5 10
—— 1 @ [ """ electron g, Harvard (2006) ~*~ ' o iooog)
H+ Harvard (2006) Héi?““m, . ._II , elnlec:mng,IUWHQ«Ei:] Il
TEO—-..85 80 95 100 10510
(b} ' ' ' » electron g, Harvan '
- UW (1987) ) ol O
L1 " e L .. L1 "L neutron (1909) ——a— quanturm Hall (2001)
| i :, ; muonium hfs
1 80 1 85 1 90 jan:Jmep?‘usnn, etc.‘ (1960)
(1098) . . ol alectmnlg,l..l'l-'ul'ﬁﬂli!?]

(9/2-1.001 159 652 000) /1072 = & o

-1 - 137.095 goo) /1078
L/



Muon g-2: more sensitive to new physics by (m /m.)2~2 104

BNL '04-'06: a,= (116592080 + 63) 10"

o

E 220 |"|'* } A'U'E

1“"-2 T
=

} - aSM _ ﬂuE[] n ﬂEu n ﬂhil
T

ﬂﬂad,L{] _ (C'-'mp.) f4m2 R(slf(s]?

R(s) =

ete” —hadrons)

ﬂ'(E+E —ptp=)




From the latest value of a. (G. Gabrielse et al., 2006):
o™t = 137.035999710(96),

{

Mostly VP-LO
VP-NLO = -9.8%0.1
LbyL = 12.0£3.5

Knecht, Nyffeler'02

u..SED — (116584718.09 = 0.14 £ 0.08) - 10—11,
Eidelmann, ICHEP'06
Contribution @y, 10—10
Experiment 11659208.0 = 6.3
QED 11658471.94 £ 0.14
Electroweak 15.4+=0.1 0.2
Hadronic 693.1 = 5.6
Theory 11659180.5 = 5.6
Exp.—Theory | 27.5 +8.4 (3.30)

Melnikov, Veinshtein'04
Davier, Marciano '04



JN 09 (e"e -based)
—209 + 65 : b |

DHMZ 10 (t-based)

—195 + 54 —aA—
DHMZ 10 (e*e’)
_287 + 49 —e—
HLMNT 11 (e*e’)
—e—

—261 + 49

BNL-E821 (world average)
0+63

I.IIIIIJIIIII.IIiIIIIIIIIIIIIIILIII

=700 -600 -500 -400 -300 -200 -100

_ Hexp
1 au

3.60

Davier/Hoecker ‘11

—

Hadronic contr.

from data.

T (2.40) vs e+e- (3.60)
discrepancy

now reduced.

But still:

theoretical errors
underestimated?



Present status of (g-2) 0 discrepancy Hoecker ‘11

Could be new physics
eg light SUSY

mmc;ev)i

10
oa = 13-10
H ( Mgysy

18P

A a, Is a plausible
XS E I
: location for a

new physics signall!!



Most of the Universe is not made up of
atoms: Q. .~1, Q, ~0.044, Q_~0.27
Most is Dark Matter and Dark Energy

Dark Matter

Most Dark Matter is Cold (non relativistic at freeze out)
Significant Hot Dark matter is disfavoured
Neutrinos are not much cosmo-relevant: Q <0.015

SUSY has excellent DM candidates: eg Neutralinos (--> LHC)
Also Axions are still viable

(in @ mass window around m ~10#4eV and f, ~ 10"" GeV
but these values are simply a-posteriori)

Identification of Dark Matter is a task of enormous
importance for particle physics and cosmology

® LHC? ?



LHC has good chances because it can reach any kind of WIMP:

WIMP: weakly interacting particle with m ~ 10'-103 GeV

For WIMP’s in thermal equilibrium after inflation the density is:

T3 0.1 pb - ¢

ﬂ:irl:jl{f:rﬂ-u}  {oqv)

Slx_h‘? ~ const. -

can work for typical weak cross-sections!!!

This “coincidence” is a good indication in favour of a
WIMP explanation of Dark Matter



Strong competition from underground labs

107

CoGeNT DAMMI/

“.  EDELWEISS

%

104

10*

1 0—43

WIMP-Nucleon Cross Section [cm?]

| ||IIIII| | IIIII|I| I I|I|I|I| I IIIIIII| I III|I||| I T

10—45 | | 1 I | | | | | | I | | | | | L1
6 7 8910 20 30 40 50 100 200 300 400 1000
WIMP Mass [GeV/c’]




A crucial question for the LHC

Is Dark Matter a WIMP?

LHC will probably tell yes or no to WIMPS



Conceptual problems of the SM
Most clearly: ® No quantum gravity (M, ~ 10'% GeV)

® But a direct extrapolation of the SM
leads directly to GUT's (M, ~ 10'¢ GeV)

M7 close to My, E
® suggests unification with gravity as in superstring theories

® poses the problem of the relation my, vs M - My,

Can the SM be valid up to Mgy~ Mp?? « The “big” hierarchy
problem

Not only it looks very unlikely, but the new

physics must be near the weak scalel!



Energy scale

The hierarchy problem

4 t Assume:
l{\/llIPI g:Jaav?tyum * ATOE at A~Mgyr~Mp,
aut | cuT A low en. th at O(TEV)

e A "desert" in between

The low en. th must be
renormalisable as a necessary
Low energy condition for insensitivity to
effective th. physics at A.

I
Il

[the cutoff can be seen as a parametrisation
of our ignorance of physics at A]

But, as Ais so large, in addition the dep. of ren. masses and
couplings on A must be reasonable:

e.g. a mass of order my, cannot be linear in Aif A~ M7, My,
<>



With new physics at A the low en. th. is only an effective theory.
After integration of the heavy d.o.f.:
L;: operator of dim i
L=0(A?)L,+ o(A)Ls+0(1)L, + o(1/A)Ls+ o(1/A?)L;+...
- . - _
" Y
Renorm.ble part Non renorm.ble part
In absence of special symmetries or selection rules,

by dimensions ¢,L. ~o(A%') L.

£,: Boson masses ¢2. In the SM the mass in the Higgs

potential is unprotected: ¢,~ 0(A2)

L: Fermion masses yy. Protected by chiral symmetry

and SU(2)xU(1): A—>mlogA

£,: Renorm.ble interactions, e.g. yyyA,

C-‘ng: Non renorm.ble: suppressed by 1/Ai* e.g.1/A2yyyyy



<>

The “little hierarchy” problem

e.g. the top loop (the most pressing): m, 2=m2,_ +8m, 2
3G
F

2 2
_O_ —p ammfﬂp Sl —m, 2A ~(0r.2ﬂ)
This hierarchy problem demands
A~0o(1TeV)

new physics near the weak scale

A: scale of new physics beyond the SM

« A>>m,: the SM is so good at LEP
« A~ few times G1/2 ~ o(1TeV) for a

natural explanation of m. or m
Barbieri, Strumla P h W

X The LEP Paradox: m;, light, new physics must be close but its
effects were not visible at LEP2

The B-factory Paradox: and not visible in flavour physics



A crucial question for the LHC

What damps the top loop A? dependence?

® the s-top (SUSY)

® some new fermion
t' (Little Higgs)
KK recurrences of the top (Extra dim.)

® nothing dumps it and we accept the
ever increasing fine tuning



Precision Flavour Physics

Another area where the SM is good, too good.....

With new physics at ~ TeV one would expect
the SM suppression of FCNC and the CKM
mechanism for CP violation to be sizably modified.

But this is not the case

an intriguing mystery and a major challenge for models of
new physics



The study of B decays (BaBar, Belle, CDF...) has revealed
no signs of new physics

=

0.5

-0.5

1-_

The LHCb experiment
at the LHC

will go further in

this direction

The CKM picture is confirmed as the main source of CPV
in the quark sector

@ This poses strong constraints for models BSM



Adding effective operators to SM generally leads to very large A

F Ty
b1

(v, Vrb* m'}l ) I~

MBsBy) ~ O o
16 w* f'azf,',[,,1 . A2, Isidori
tree /strong + generic flavour s
1 - > A=2x10*TeV [K]
. ,.  loop + generic flavour .
~1/(16 ) > A22x10°TeV [K]
“Np 17 \2 tree /strong + MFV .
~ Vi Vy) » A=5TeV [K&B]
| loop + MFV
~ 0V Va6 22T A20.5 TeV [K &B]

But the hierarchy problem demands A in the few TeV range
only assuming ¢~ (v, V,;,"V,;)* (or anyway small)

we get a bound on A 1n the Te\\rﬂnge

eg in Minimal Flavour Violation (MFV) models
D'Ambrosio, Giudice, Isidori, Strumia'02



A lot of fine-tuning is imposed on us when our present
theory is confronted with the data =

For naturalness we need new physics at ~ 1 TeV but we
see no clear deviations in EW Precision Tests and
in Flavour Physics

Strong constraints on model building

Typical tree level NP effects too large

s
rm'\gﬁl Avoided by R-parity (SUSY) :
o T-parity (Little Higgs) etc A~

Loop effects preferred ~,



BACKUP



LHC and flavour physics
Important results from LHCb

Back into
agreement
with SM

B —=TJhp ¢
Preliminary 68% and 95% CL
T 4 D0 6.1 b ' CDF5.2fb!
é - é 1
v = F e
=02 - o
A
0.0 ;_ _______ t.::“"‘"—-r-—":"_- ____ — Rl - TR
—02F , o
o4F . LHCb
E L - L, |
-3 -2 -1 0 1




CMS & LHCb combined (presented at EPS'11 Grenoble)

N I — 1 1 N o -
2 CMS+LHCb
- preliminary i
0.8 N === (Observed i
- ===== Expected t 1o -
0.6 - (background +SM) =
04 |- .
02 |- -
%
0 15
= ﬂ—} _g
" 5 BR[% up) [107]
- -9
CDF 18+11-9 10 < 11x10° @ 95% CL

16

SM 3.2+0.2 107



APcp vs [sin20] ., New physics in Zbb vertex?

After all the 3rd generation is somewhat special

The difficulty is that:
® No deviations are seen in A, (SLD) and R,

® A quite large shift in g,, the Zbb right-handed coupling
Is needed (by ~30%: indicates a tree level effect)
3 81-gp

b

87+ 8k
SM: g2 = 0.72 >>g% = 0.02 (Ap)g, = 0.936

from APeg i (A,)gy - A, = 0.055  0.018 > ~3 &

But note: (A,)¢p = 0.923+0.020, Rp ~81°+8r’
also R,=0.21629+0.00066 (R,c,~0.2157) «



0.05 , , |

) Choudhury,
O8R .04 e o,
0.03 0992 gL(SM)I
1.26 go(SM)
0.02 \
-~ 0.01L
Too large for
0 a loop effect.
0.0l Needs a ad hoc
i/ ; tree level effect
_D‘D?D.D L —:C].DDE ; 0 0.005 0.01L 00L5
d
&g, 8L

Mixing of the b quark with a vectorlike doublet (w,y) with
charges (2/3, -1/3) or (-1/3, -4/3)? crwor

Or mixing of Z with Z' and KK recurrences in extra dim

GB models? Agashe, Contino, Pomarol '06; Djouadi, Moreau, Richard '06



A moderate enhancement of the yy rate may be indicated

I;{I._}‘;{-IIIIIIIIIIIIIIIIIII

my, = 124 GeV/c® CMS Preliminary,\Js =7 TeV
~}= Combined +1g Combined, L_ =4.6-4.7 fb”
== Single channel+1g j i : i
: i

H— bb

i
H— 1t i

i
___.|______.|______|.____

H— vy

H— WW

H—Z7— 4l

-1 " 2 3 4 5
Best fit GfGSM




% probability per 0.1 GeV bin

Do the masses really coincide?

Erler ‘11
all data except CMS all data except ATLAS
E: E:
e E
5E 8 s
= = =
= [} =
= ] =
aE - 4F
S
af & af
: N
2% %E 25
= 0 =
: -
1E 2 qE
= E‘E g
i ;_A_A_A_J 1 . 1 1 |k 1 1 1

N IEEEEETTE 195 ™0 135 110 115 120 125 130 135
M, [GeV] M,, [GeV]



