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(No introduction)

1. Which implications of the (negative) searches so far?

2. What new searches to lead fo first discoveries?

3. What's needed to discover a Higgs boson in the MSSM?
4. What about the Higgs system in the NMSSM?

(on 3 and 4 see also Gunions talk)




A remarkable new constraint from LHC
the missing energy signal
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for degenerate squarks of the first two generations g1 2
and ", § not too close in mass = mg,mg, , = 1 TeV
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Which implications?

Take a simple prototype theory MSUGRA

Input parameters at high scale: g, M1 /2, A, B, 1t
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How significant is this?

g(500)GeV

1200 1400 1600 1800
m, (GeV)




Naturalness/fine-tuning of the Fermi scale
ml/g/Gev

mSUGRA tanp=15, Ap=0, u>0 500 mSUGRA tanp=15, Ag=-3imgyl, pn>0
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Should one care about ft?
YES

1. The very reason for SUSY at the weak scale

/ 2. If ft< 1% accepted, why not less than 1 ppm? But then...
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SUSY still well alive,

since no hard info, yet, on the crucial configuration

The key equations:

m
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oms = . mg log M /m;

(to be made more precise in any given SB-mediation scheme)
see, e.g., Dimopoulos, Giudice for SUGRA-mediation, 1995

All s-particles other than g, fL, fR, BL, h weakly constrained
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The crucial configuration

"s-particles at their naturalness limit”
B, Pappadopulo 2009

[ 1?1, 1?2, BL & strongest coupling fo the Higgs sys’rem)

parameters: [, tan 3
MQss Mayss Ay

Ms

/(p & My at tree level)

@1,61'2, bR heavy‘enough (> g)to be ~ irrelevant )

natural mass ranges in the orange regions (for m; < 120 GeV )
B,W not much contrained but expected below m;
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A synthetic description of the LHC phenomenology

pp — GG  dominant over pp — tt* (65*)

pp — gg — tttt + xx

pp — gg — ttt_b(ﬁtb) + XX

pp — gg — ttbb + xx

3 body final states either by cascade or direct
( mjz, m; almost dont matter)

When phase space opens up, § — bby suppressed

If uw<Mi,Ms then xi,xo close in mass

pp — Gg — ttbb(ttbb) + xx

X = X5, X1, X2




current bounds on §,f,l;

j Ldt = 1.03 fb' \'s=7 TeV
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ATLAS Preliminary

1-lepton, 4 jets

My rough guess:
ms > 600 GeV

mg, my 2 200 GeV
(from direct t, b production)
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A theorists summary (LHC at ~
of current bounds on §,t,b

W0 ———7—

nggsmo LSP

CMS Hr/MET, 1.1fb71]
CMS My, 1171 ]
ATLAS 11, 104 fb1]
ATLASb, 083 fb ']

800

Papucci, Ruderman, Weiler 2011

with some caveats for
special mass configurations




(2)-

500 GeV

"Beyond mSUGRA’

(minimal natural spectrum is 15 years old)

Dimopoulos, Giudice 1995
Pomarol, Tommasini 1995
B, Dvali, Hall 1995

Cohen, Kaplan, Nelson 1996




U(2) in the data on quark masses and mixings

Tomassini, Pomarol 1995
B, Dvali, Hall 1995
- {3

with little communication between ¢i12 and g3

+ 41,2 1U(2)

LrYim103(QLD QY + s Puly + dslDdy) + \eHytrtr + M\ Habrbg
U2) - U2)g xU(2)y xU(2)4

and perhaps also in the SUSY non-data

flavour, EDMs, direct s-particle searches

N An inverted spectrum
/ Anomalous U(1), 621,2 composite




S to be measured
v very precisely by LHCb

2) with ¢ and B below 1.5 TeV
( Y < g L
recent LHCb )

Bs — \Ijgb BS — \I]fO
combined

UK

! I
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B, Isidori, Jones-Perez, Lodone, Straub 2011




Where is the supersymmeftric Higgs boson?

MSSM |= 2 Higgs doublets + perturbativity up to =10 TeV

. MSSM

.) ‘ 2 _ 2._ ~
/”72 — :\[Z COS 2)) + (-\)[()])
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]2 ~ "N P 2
~ / 1 -
~ -
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tanf = 30

| < m£5->0 [Tel‘(}]
= Take large tanf (muon anomaly?) and largish m;, Ay
but swallow, e.g. in mMSUGRA, a large contribution to M

to be fine-tuned away
Never mind the ft for a while:

What's needed to discover a Higgs boson in the MSSM,

no matter what the fine-tuning is?
(or to disprove the MSSM at all)




The Higgs system in the MSSM

hSM — h,H,A,H:

Mhory — MA,tanﬁ
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3 ways to deplete OB(yYy) (or WW)

(with a bit of work in the parameter space)
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What's needed to discover a Higgs boson in the MSSM,
no matter what the fine-tuning is?

(or to disprove the MSSM at all)
ATLAS and CMS projec’rions

With suitable reinforcement
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It should be possible




The easiest way to raise the Higgs mass
(if needed by the ft again)

'maximal mixing', Mstop, =300 GeV

Af = \SH,H,

2o 2N
(cos” 203 4 R sin” 23)

standard NMSSM

maT [GeV

300

200

ASUSY ™

0

1

Maximal Higgs boson mass before mixing
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What about gauge-coupling unification if A(Gz"") =2 ?

a grey box

It depends on what happens
at M = 10 TeV

1 | L L L L | L L L L | L L L L | 1
0 5 10 15
log,,(u/TeV)

We already know of one gauge coupling that crosses
the threshold of a strong interaction practically unchanged: ey

If Af =XSH,Hy, then X 2 0.8 should be contemplated

19/23



Mixing effects in the NMSSM

h, H, s = s3 > s9 > 37

An illustrative 2x2 mixing model: h, S

Take: 1345
m; = 120 GeV 132F

Mg, , Mg, G5 Shown 130f

L/ h;-bbbb ‘\‘
- hi1—bb |

m, [GeV]
o 1o
o

[a—
()
#

below the blue line allowed
by current data (LEP)

80 85 90 95 100 105 110 115
my |GeV]
B, Hall, Pappadopulo, Rychkov, Papaioannou 2007




PQ SUSY (a particular NMSSM)

A

after mixing between h, H, S

mg, ~ 400 GeV > mg, = 125 GeV > mg, ~ 95 GeV

L 1=0.7, tanB=2, A;=400 GeV

/ S, — GG — bb bb
£5:VV)/ GG — bb bb
A %2 < X1X1 )
Ss — ZG — Z bb

& 17

T ES)

ms [GeV] G = a CP-odd pseudoGoldstone

B, Hall, Pappadopulo, Rychkov, Papaioannou 2007




A=2, tanfB=1.5 mg, > 500 GeV > mg, > mg,

51 Mass for k=-02 51 Ratio for k=-02

4001

S1 has reduced Sltt_;

or prefers to decay &30
into bbbb or X°x” 7 |

So visible in ZZ
with enough lumi

Bertuzzo, Farina 2011
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Summary
(mostly with an end-of-2012 perspective)

1. Some simple theories less interesting than before LHC
(although certainly not excluded)

2. To discover (or to exclude natural) supersymmetry
important fo focus on mg, my, m;z, m;

3.10 = 15fb tat 7 TeV + extended searches likely

enough to discover a Higgs boson in the MSSM
(or to disprove the MSSM at all)

4. The Higgs system of the NMSSM:

A <0.8: hy,ho,hs may all escape by non standard modes
0.8 < A< 2:hyor hyvisible with enough luminosity

. Beware of flavour and CPV signals (at low tanf)

. Some weakly interacting particles, X » X2

might start becoming accessible
(depending on the s-lepton masses)




Particle spectrum (naturalness bounds)

A=2

I AN=2
N, = 100 TeV

with up to 20% tuning

mp = 200 GeV
mg < 1200 GeV

m; < 600 GeV

B, Hall, Nomura, Rychkov 2006




Consequences of U(2)°

Flavour changing interactions

standard, in non standard parametrization

sq = —0.22 =0.01

v - —i8
% I L=AY/2 A y . e (v/ma/ms = 0.220 + 0.015)
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Supersymmetric flavour fit

including:

BL'
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.
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B, Isidori, Jones-Perez Lodone, Straub 2011




L 1=0.7, tanB=2, A,=400 GeV

5(51\/7/\7)/5
W

T ES)

ms [GeV]

S, branching ratios S3 branching ratios

ms [GeV] ms [GeV]
B, Hall, Pappadopulo, Rychkov, Papaioannou 2007




AN=2 tanB=15 ASUSY
mgs, > 500 GeV > mg, > mg,

p (GeV) myg (GeV) my, (GeV) mg, (GeV) my, (GeV) m,, (GeV)
180 340 252 284 103 130
105 180 163 204 95 77
130 200 173 243 108 96

105 180 160 194 166 78
160 280 232 248 195 120
180 370 218 318 168 133

BRaa, BRza, BRuy BRww D (GeV) 2P

0.54 0.01 0 0.31 5.5 0.17
0 0 0.8 0.06 0.04 0.04
0 0 0 0.79 0.02 0.57

0 0 0.72 0 0.02 3 x104
0 0 0 0.69 0.3 0.04

0 0 0 0.71 1.5 0.5 o BR(WW)

BR 4,4, BRza, BRXle BRww I'iu (GeV) (Zzgg)SM UBR(WW)|SM

0.032 0.324  0.043 0.41 2.55 0.62 or ZZ
0.4 0 0.143 0.33 2.8 0.37
0.412 0 0.086 0.35 5.45 0.35

0 0.189 0.61 1.22 0.8
0.001 0.70 2.7 1.4
0.145 0.44 24 0.6

Bertuzzo, Farina



Flavour changing interactions AF = 2 - QOur own SM fit

Tree level +
AMy,

A M,
€K

0S5 F
Tree level + 04

AM, 03|
AM. 02

01Ff
SB, UK -

00 E

-02

12 14 16 18 20 22 24
details subject to discussion
Lunghi, Soni
a hint of a potential problem for the SM Buras, Guadagnoli
UT fit, CKM fit




0.97425(22) 14] | fx (155.8 £ 1.7) MeV

0.2254(13) 16] | Bx 0.724 #+ 0.030

(40.89 £ 0.70) x 10 [13] | K. 0.94 & 0.02
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0.673 £ 0.023 22]

(0.507 = 0.004) ps~* 22
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( )P 23]

B, Isidori, Jones-Perez, Lodone, Straub 2011
(SM: 0.041 £ 0.002)— [ A
¢ ~> .

U(2)° prediction 6

Sp.—we =0.12+0.5

(improvable in precision
by measuring 1M 5 and/or My )




PQ SUSY (a particular NMSSM)

A

after mixing between h, H, S

mg, ~ 400 GeV > mg, = 125 GeV > mg, ~ 95 GeV

Production coupling Branching ratios

Esiits Esyvy S 20% (Fig. 8) BR(GG) > 98%) G — bb
See Fig.9:

Esutts Esovy =~ 100% BR(x1x1) = 50 = 90%
BR(GG) ~ 1 — BR(x1x1)

See Fig.9:

N .. BR(xix;) ~ 35% (of which 50% into x1x1)
sztt —= 20% £S3VV neghglble BR(ZG) ~ 30%

BR(S;S;) ~ 20%
G = a CP-odd pseudoGoldstone

SlﬁGG%bE_bE_
GG — bb bb

S2<X1X1

Ss — ZG — Z bb

¢ 121 B, Hall, Pappadopulo, Rychkov, Papaioannou 2007




SM valud . SM valudg .

0 s 10 2 _s5
10° (A7) B, Campli, Isidori, Sala, Straub 2011




general U(2)°

M(KY — K% = M"M(KY — K9
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Constraints on extra parameters:
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ElectroWeak Precision Tests in ASUSY

MG~ 2

S and T from Higgs’s

one loop effects but
AT o<\’

Alt=>m, 1
compensated by AT |

015 02
S
B, Hall, Nomura, Rychkov 2006




Tevatron bounds on ¢, b
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