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Particle Physics in one page

Losy = —lF“F““‘HL Py Th tor (3)
~SM = 4 AU 241 e gauge sectror

The EWSB sector (4)

The flavor sector (2)

The v-mass sector (1)
(if Majorana)

The quadrant of nature whose laws can be summarized in
one page with absolute precision and empirical adequacy

Particle physics as “synthetic” physics
Can the SM be the end of the story?




But...

“direct” <&
Dark Matter & LRC =

“indirect”

Origin of Matter (B-asymmetry)

Dark Energy
quite a number of 2+3 sigma anomalies

(not touched in this talk)




Current knowledge (2010)
and open problems in v-physics

In tThe 3-neutfrino picture

oOa=e,Uu,T

Normal Inverted

I I -
solar~7x 10"3eV?2

atmospheric e

~2x 10 3eV?

atmospheric Normal or Inverted?
— ~2x10%eV? .
solar~7x109eV?2 CP violated ?

' 3 neutrinos only ?
Majorana or Dirac?




(The Flavour Sector)

1 - We know the SM works quantitatively in the full
quark sector (A major change in the 20005)

2 - If there are other degrees of freedom at the Fermi

scale carrying flavour (e.g. the s-fermions), unlikely that

there be no extra flavour phenomena observable at some
level

3 - We know all the 10 parameters in the quark sector
(6+3+1) and 7 (3+2+2) out of the 10/12 (6 +3 +1/3) in the
lepton sector (but no hard theory for them)




My own favorite test of Flavour Physics
u— e+

Current limit BR(u—e+y)<1.2-107"

An experiment, MEG, under way at PSI
aiming at a factor of 100 better sensitivity &

Current sensitivity 6.1 10712
with some borderline events
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In suitable minimal unification
BR(p—e+vy)~6-1071

O =1 in SUGRA + SU(5) B Hall, Strumia
O = 50 in SUGRA + SO(10) Strumia, Romanino




[The gauge sec’ror]

Getting closer to specific LHC issues

CERN-Fermilab-Stanford mostly

precision oF’ren better
than 1077

In fact:
from [, ~ 10 cm QAPV)
to L, ~1071°=10

~ 20% X probability
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(latest top mass: m: =173.3+1.1 GeV )
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The Higgs boson mass in the SM

- value at minimum =10 - value at minimum =+1lo:
My = 83133 GeV My = 119.1132° GeV
- 20 interval: [42, 159] GeV - 20 interval: [114, 157] GeV

-
o

LEP 95% CL -
Tevatron 95% CL |

LEP exclusion at 95% CL _

sion at

Theory uncertainty
~ Fitincluding theory errors
Fit excluding theory errors

Theory uncertainty
—— Fitincluding theory errors
Fit excluding theory errors
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direct (negative) searches not included direct (negative) searches included

Dorthe Ludwig




The guidance of the EWPT
(in principle also beyond the SM)

W+ W+ w3 W3

T~ @~ - ~O~

d B W3

S"'Eﬂ"*

More useful to constrain new
theories than to prove their
superiority to the SM

oal. (which is hard fo beat)

83 02 01 0 01 02 03 O [b-asymm, g-2(p)]




[Elec’rroWeak Symmetry Breaking]

My “bias” declared:

The lack so far of a thorough exploration of the energy
~1/2 .
scales at and well above G '~ suggests a cautious

attitude about LHC expectations on EWSB

Aocp,

No comparable situation at the SppS or at the TEVATRON

1984: W, Z
1994: top
201?: the Higgs boson of the SM

A far more open case at the LHC



Which indirect information?

1999: “the LEP Paradox” (with Strumia)
2001: "the little hierarchy” problem

‘While all indirect tests (EWPT, flavour) indicate no new

scale below several TeVs, the Higgs boson mass is
apparently around the corner and is normally sensitive

to any such scale

Anp 2 5+10TeV , mn=115 GeV(
ANP %Acutoff

Acutoff )
400 GeV

2010: the problem sftill there, more than ever




Taking ¢; = =1 and considering one operator at a time
— 2
Lett = ZLsm + O/N

operator O affects constraint on A
2(L yueL)? p-decay 10 TeV
2(L vuL)? LEP 2 5 TeV
T— |H'D,H|? Ow in My /M 5 TeV
S— (H'FCLH)UW mn Oy in Z couplings 8 TeV
i(H'Dﬁ,,aH)(LA#, aL) Z couplings 10 TeV
'z'.(HTD#H)(LWL) Z couplings 8 TeV
= HT(D\p\y At Q) FHY b — s 10 TeV
— L\ Q)2 B mixing 10 TeV

l1o-bounds @ a light Higgs
( More conservatively: A > ~5 TeV)




EWSB: "weak” or “strong”?

(“weak")

a relatively light Higgs boson exists
perturbativity extended —high E (Mgur, Mpi)

perhaps (probably) embedded in susy

gauge couplings unify

C‘sfrong'ﬂ

EWSB related to new forces, new degrees of freedom
or even new dimensions opening up in the TeVs

perturbativity lost in the multi-TeV range
high E extrapolation highly uncertain




The “weak coupling” way

Favoured by indirect-data

EWPT, unification (susy), v-masses (?)

Which problems, if susy?

No Higgs boson so far (hidden in LEP data? See below)
No s-particle

Flavour? (follow p—ey at PSI)

Tuning? (It could be right and we might never know)

The MSSM as the only paradigm?




The “strong coupling” way

0.5

04

Disfavoured by indirect-data T

0.2

EWPT: mostly AS>0, but don't - o
forget the ST correlation :

-0.1

-0.2

Models not fully convincing B NS S S S S
(although enlarged by 5D«4D holography)

Flavour problematic?
(yes, but what about the SM A}, ?)

"Higgs” or "Higgs-less”?
(a real question, although with a most likely answer)




Valid questions about the Higgs boson

heretic, yet
meaningful

= Can one make without it? }

= Can it be a “composite” object?

= Can it have escaped detection?

= Can it be significantly heavier than expected?

= Where is the supersymmetric Higgs boson?

/

Concentrate on this




True Higgs bounds (channel-dependent)

Decay channel Limit (GeV)
h — bb, TT 115
h— 77 113
h — v~y 117
h— WWH* ZZ* 110
h — invisible 115
h — nn — 4b 110

h — nn — 471,4c,4g

model indep. 82

AN
moved to ~ 110 GeV for 4T

by LEP resuscitation
Spagnolo et al, ALEPH Coll




Where is the supersymmetric Higgs boson?

- MSSM

“experimental limit

tan = 30 i
y L L

02 05 10 20 50 10 <m;> [TeV]

= Take large tanf (muon anomaly?) 'and large stop mass
but swallow, e.g. in SUGRA, a large contribution to Mz,
to be fine-tuned away

AMZ = (2 +3)mz > 100 M3

= h just around the corner and quasi-standard




Supersymmetry without a light Higgs boson

Want to keep the success of the EWPT
= Effective theories not enough

* MSSM m; < m?, cos” 23

+ rad. corr.

2,,2
9V
* Extra U(1) m; < (m% + Vel ) cos? 213
2(1 + 2M(§) Batra, Delgado, Kaplan, Tait

X Extra SU(2)

22%
*x Af=M\NSH,H> m; < m3(cos® 28 + 1P sin® 2/3)

(NMSSM = >\SUSY) Harnik, Kribs, Larson, Murayama
B, Hall, Nomura, Rychkov

= h not standard and not even light




The price to pay

(big, according to standard wisdom, but...)

At a scale N\ some coupling starts blowing

400 o rrrmm Frrrmm rrrrrnnm rrrrrrm rrrrrmm Frermm Frrrrm

0- L | RN L run L Lo | | llllll;
10 102 103 104 10° 106 107 108
A (TeV) 8 Bertuzzo, Farina, Lodone, Pappadopulo

unless some change of regime occurs there




What about gauge-coupling unification, then?

box
l / a grey

It depends on what happens
at M > 10*TeV

At M ~ 10* TeV

g1 = 0.5, g2 =~ 07, g3 =~ 0.85
as opposed to

“precise” unification

at M ~ 10'° TeV

10
log,,(p/TeV)
an unbearable step backward?!




A non-standard but motivated
Supersymmetric Spectrum

Dine, Kagan, Samuel

F _ — Pomarol, Tommasini
fi,2

Cohen, Kaplan, Nelson
Dimopoulos, Giudice

4

500 GeV_|

B, Bertuzzo, Farina, Lodone, Pappadopulo




Dark Matter: relic abundance and detection

Relic abundance:

A strong effect of the s-channel heavier Higgs exchange
No “well-temperament” heavy singlino
Ms> large
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dark blu: CDMS now
, . 1 , ~ light blu: “XENON100"
Direct detection affected by 0 o« — and different mixing

1
my,




Conclusion

The EWSB sector (4)

The flavor sector (2)

The v-mass sector (1)
(if Majorana)

= Beyond the SM:

Progress in “synthetic” physics requires and
justifies a patient as a brave attitude

LHC, although not alone, likely to give
a decisive Kick




3 ways to be sensitive to
the absolute v-mass scale

1- beta-decay endpoint

2 92 2 2]%

B 2 9 2 2
mpg = [(313(3127711 T C13S19M5 + S713M3

2- neutrino-less BR-decay

_ |2 .2 . 2 2 0 ip2 | 2 i3
mgg = |(:13(112ml + C1381oMo€ "= + S3Mm3e |

3 - cosmology (large scale structure)

2. =mq + mo + Mgy




The "3 neufrmo conccrdance (Lisi)

Suppose that
at some point:

= most (all)

20 bounds

from current knowledge
of oscillations only

normal hierarchy

inverted hierarchy

questions
answered

or, maybe,
a clash!
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The impact of the newest data (in part)

’/eff

Isidori, Nir, Perez

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
(5p.v*dr)? | 9.8 x 102 1.6 x 104 00x10"7 34x107° Amg: €k

(3pdr)(5Ldg)| 1.8 x 104 3.2 x 10° 6.9x 1079 2.6 x 1071 Amp; €x
(ery*ur)?® |1.2 x 103 2.9 x 10° 56 x 107  1.0x 107 |Amp; |q¢/p|, oD
(érur)(rLug)| 6.2 x 10° 1.5 x 104 57x107% 1.1 x10~% [Amp; |q/p|, oD
(bpy*dr)? |5.1 x 102 9.3 x 102 33x107% 1.0x10°¢ Amp,; Syks
(brdy)(brdgr)| 1.9 x 10° 3.6 x 10° 56 x 1077 1.7 x 1077 Amp,; Syks
(br,y*sr,)? 1.1 x 102 7.6 x 1073
(brs)(brsg) 3.7 x 102 1.3x10~°

New O(1)-sources of flavour breaking
in the multi-TeV range definitely excluded




“*Minimal Flavour Violation”

However, in the quark sector: SU(3)Q><SU(3)U><SU(3)D
in the SM only broken by Yy, Yp

If extended beyond the SM: Yp~3,X '§D Yy~ 3Q><§U

Operator Bound on A | Observables

HY (DrY¥Y*Y*t5,,QL) (eF,,) 6.1 TeV | B— Xy, B— X010~
F(QLY"Y*,QL)? 5.9 TeV | ex, Amp,, Amp,

H}, (DrY #Y*Y¥0,,T°QL) (9:G%,)| 34TeV | B— X,y, B— X (16~
(QLY*Y*14,QL) (ErV.ER) 2.7TeV | B— X1, By —»putp~
i (QLY*Y“4,Qr) H},D,Hy 23TeV | B— X0, By — putp~
(Q.Y*Y*17,Qr) (Try.LL) 1.7TeV | B— X0, By — ptp~
(QLY"Y“"7,QL) (eDuFyu) 1.5TeV | B — X010

= If some suitable "MFV" operative,
the scale of flavour can still be nearby




ElectroWeak Precision Tests in ASUSY
MG ~2

S and T from Higgs’s

one loop effects but
AT o< \*

Al =m .
compensated by AT |

B, Hall, Nomura, Rychkov




A simple concrete possibility

NMSSM

(others have been considered)

f=uH H,= f=ASH H,
AV = |fs|* = M |H H>|*

x4 +2)-2+41)=T7=2 + 3 + 2

H:I: thP—|— Agp_

Out of the 3 CP even states,

take the only one coupled to ZZ, WW

3m? m2
m; = Mzcos” 2 4 ——log—5
4714y m;

before mixing with the other 2 states

1. What about A?

2. What about mixing effects?
min[m(h$")] < my,




What about A?

Two interesting alternatives:
A

m

To respect the EWPT (unification?)

2(10TeV) <0.1 = MG, ?)<2

A

(E)z(MGUT) <01 = See below

To maintain manifest perturbative unification




The current direct limit

ete” —Zh .
L— > Hb T7T
N B

LEP

Vs =91-210 GeV
H—bb

B(H—bb)

(-

' If standard,
my > 115 GeV
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(but more later)



The Higgs boson spectrum

A=2

1 1
25 3

3.5 4
tanp B, Hall, Nomura, Rychkov

h—ZZ— 1717171 easy, but very much NON-susy

H—hh—4V =171 6]
A—hZ—VVZ—=I1TI"4j

possible with 100 fb~"

Cavicchia, Franceschini, Rychkov




Gino Isidori
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