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Low Energy Supersymmetry (as seen by many)

*In the Standard Model, no increased symmetry 1s gained by letting the mass

of the element

ary scalar to vanish

°as a consequence, extraordinary fine-tuning of quantum corrections 1s
needed to keep the Higgs boson mass to values so much smaller than the
natural cutoff given by gravity (or grand unification)

eJow energy supersymmetry relates scalars and fermions, whose mass 1s

protected by c

niral symmetry, and reduces the cutoff scale to Msusy.

e Alternative: there are no elementary scalars, the Higgs boson 1s composite
by fermion fields, possibly a would-be-Goldstone boson of some symmetry.

eNew physics
precision data

of the strong-interaction type 1s not favoured by electroweak
(which are really becoming high-precision data).

*In addition, the value found for the Higgs boson mass speaks in favour of

SUSY.

e Veltman used to say: I go on until I go wrong

euntil now, nothing wrong did show up...

LAL Orsay, Feb 07, 2014 Luciano Maiani. Post-Higgs MSSM



_Electroweak Fit — SM Fit Results <)

- it rosult
N Indirect determination

* Results drawn as pull values: M |

— deviations to the :”' = * | —

indirect determinations, r, I — :

divided by total error. - pr——w Max Baak (CERN), CERN seminar, Geneva,
. I;t':l! g;r :i;:ect measurement plus ‘E ;.. - SIS ZIE RSSO, S LS
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error from indirect determination. Mﬁ;‘é:;;; 1 :-: . fi t ter e
= Black: direct measurement (data) b 4 - B ———— , ( ), arXiv: :
* Orange: full fit ::- 11
. };gg:'f"rg’;:tﬂge;fh',“"'"g T L After the Higgs: Status and Prospects of

- o | The ElectroWeak fit of the SM and Beyond

= The prediction (light blue) is often &'.3 = R

more precise than the B ——— :

measurement! MEVCLIV L State of the SM: W versus top mass N

24 = Scan of M, vs m,, with the direct measurements excluded from the fit.

= Results from Higgs measurement significantly reduces allowed indirect
parameter space — corners the SM!
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If gluino light enough: If third-generation squarks light enough:

- gluino induced production => direct production
b/t b/t
AN 7/ AN\ 7
CMS gluino-induced stop ATLAS direct stop
production production 2
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1 1. LHC Schedule ~ BUILDING LHC WAS A GREAT ENTERPRISE
~* Contracts for dipole cold mass WHICH CERN LED WITH GREAT SKILL

Superconducting cable 1

CERN has a double role: supplier of SC cables, end-customer of 1400
the dipoles. We must be prudent in defining the dipole delivery 1200
schedule, hence the LHC schedule. -
L7y
* SC cable production to end mid 2005; 5
S
* last dipole delivered July Ist, 2006; L
. = A i
* Machine closed and cold: Oct. 2006: @, //
* First beam: April 2007;
* First physics: mid 2007; o et mid 2005
 Very solid foundation of the LHC confirmed by SC cable panel Olged!  Mhlpts  Oone feldl Qs dbel ke
. . . ) —Confractual —4=Accepted strands == Delwvered = Justintime ‘
and Machine Advisory Committee.
L. Maiani. March 21. 2002 Committee of Council 8 Updated 30 MNov 2005 Diata provided by A Verwei] AT-MAS

1}_0 1.5 year delay
‘due to problems

Sept. 10th 08: first beams

L2 0 e

‘with QRL , TRl

f eanother 1.5
year for the

I acmdent

'later resolved
by Steve Myers

{5
)

: LAL Orsay, Febﬂ7 2:614

- Lyn Evans and Lucm Rossi
* ouseful beams JONM receive at CERN the last d1pole

5 'nggs physics: 2011 [SSM_ -



Higg:S Boson at the LHC Discovered 1n the difficult region with
20fb ! for each expt.

 SM Higgs boson can be discovered at = 5
o after =1 year of operation (10 fb-!/

experiment) for my = 150 GeV

ATLAS + CMS
(no K-factors)

» Discovery faster for larger masses L is per experimen

:
g
S
3
g
#

 Whole mass range can be excluded at 95%
CL after ~1 month of running at 1033 cm-?
s -1,

results are conservative:

-- no k-factors
-- simple cut-based analyses

-- conservative assumptions on detector
performance

-- channels where background control 1s g 10’
difficult not included, e.g -
e 0 F. Gianotti
ECFA. 29/01/01 Luciano Maiani 33
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Energy reach for

SUSY particle
searches of a PP
collider vs E&Lum.
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Nb. of Observable Particles

wews oluino == squarks === gleptons == ¥ -~ H
Post-WMAP Benchmarks
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Updated Post-WMAP Benchmarks for Supersymmetry

2004

M. Battaglia’, A. De Roeck’, J. Ellis’, F. Gianotti', K. A. Olive’ and L. Pape'

LBGICJHMAEFKD

= CLIC3TeV |

LBGICJHMAEFKD

LBGICJHMA N

o 8 &

LBGICJHMAEFKD

particles s 5‘ rer
representative 1
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The parameter X, is given by




A. Delgado, G. F. Giudice, G. Isidori, M. Pierini, A. Strumia, arXiv:1212.6847 [hep-ph]
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3. Implications of M}, ~ 126 GeV for the MSSM

’7 Main results:

e Large Mg values needed:
- Mg =~ 1 TeV: only maximal mixing
- Mg =~ 3 TeV: only typical mixing.
e Large tan/3 values favored
but tan3 ~ 3 possible if Mg~ 3TeV

How light sparticles can be with

the constraint M;, = 126 GeV?

e 1s/2s gen. q should be heavy...

But not main player here: the stops:

= mg, < 900 GeV still possible!

(see also G. Isidori et al. e.g.)

eM;, M; and 1 unconstrained,

e non-univ. m;: decouple £ from q

EW sparticles can be still very light
uut watch out the new LHC limits..

Roma, 13/01/2014 Implications of the Higgs discovery — A. Djouadi — p.13/27

TEIM, <3 TeV..” o e
S M <1TevV. ™ et o




| Supersymmetric constraints from By, — p"p~ and
B — K*u*u~ observables

!

F. Mahmoudi'?*|S. Neshatpour?| and J. Orloff?[!

~arXiv:1205.1845v1 [hep-ph] Compatlbler W
scale for New

Figure 1: Constraint from BR(B, — p*u~) in the CMSSM plane (M; , tan ) in the upper
panel and (My+, tan ) in the lower panel, with the allowed points displayed in the foreground
in the left and in the background in the right.




3. META-STABILITY OF VACUUM ?

If M, is too small:

*SM: the quartic coupling constant is driven to zero in the UV by the t-quark mass
*a stable minimum develops at a high-energy scale A,

* the electroweak minimum, and the present vacuum, is unstable

estability region depends upon M and A

N. Cabibbo, L. Maiani, G. Parisi, R. Petronzio, Nucl. Phys. B 158 (1979) 295, Leading Order;
recent analysis at NNLO: G.Degrassi, S.Di Vita, J.Elias-Miro, J.R.Espinosa,
G.F.Giudice, G.Isidori and A.Strumia,JHEP {\bf 1208} (2012) 098

CMPP, one loop,
My | A= Mgur ) givitsdresq—noV
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200

G.I. et al. - work in prog.




200

G.L et al. - work in prog.




SM regime

200

G.I. et al. - work in prog.




problem cured, no indication

of a preferred SUSY scale

G.L. et al. - work in prog.




4. PROBING SUSY IN THE HIGGS SECTOR

L. Maiani, A.D. Polosa , V. Riquer, New J. Phys. 14 (2012) 073029.:
ORSAY-ROMA Collab.: A. Djouadi, L. Maiani, G. Moreau, A. Polosa, J. Quevillonl , V. Riquer, EPJ C in press, arXiv: 1307.5205

eTwo Higgs doublets required (Dimopoulos & Giorgi): Hy, Hg

Recent work:

0 = : ; 0 = :
<0|Hu‘0> — U S8l 67 <O‘Hd‘0> == COSB? = tanﬁ < 00 P.Giardino, et al.arXiv:1303.3570 [hep-ph];

Ve = (2\/§GF)_1 — kg GeV)2 A .Djouadi, J.Quevillon,arXiv:1304.1787 [hep-ph];
NMSSM model:
Physical H bosons: h : 125 GeV G.~Belanger et al., JHEP 1301(2013) 069;
4 R.Barbieri, et al., arXiv:1304.3670 [hep-ph];
H , A, H= 777 Two Higgs Doublets:

B.Grinstein,P.Uttayarat,arXiv:1304.0028 [hep-ph];
O.~Eberhardt et al., arXiv:1305.1649 [hep-ph].

2 i : . 9 g :
MQZM%< cos” 3 COSBSIDﬁ)"‘Mi( sin” 3 cosﬁsmﬁ)_'_(() ES) )

—cos (3sin 3 sin? 3 —cos (3sin cos® 3 = 3

eEW interactions control the quartic potential, hence Mz

e h, H mass matrix contains Mz, Ma, tanf , 0

0 embodies the leading radiative corrections related to the top-sector and summarizes
all details and variations of the MSSM;

eabsence of the beauty-sector contribution: a very mild assumption for tan f<10;

swith M,=125 GeV, we can obtain o= o(M4, tan p) and determine all quantities in
the Higgs sector as function of M 4, tan 5, or My, tan p.

LAL Orsay, Feb 07, 2014 Luciano Maiani. Post-Higgs MSSM 20
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A.Djouadietal. 1}
AMZ,
12 + o
2 2 2 2 2 2 N_ 10 b o ] o )
, MM +ML—MH—-MiM3c, 0 3
AM22= M2(,‘2 +M252—M2 — m é, 8 P e )
VA A”B h «23-"6- Ma = 300 GeV
4 4} Ms=3TeV.tan3 — 2.5
" Figure 1: The entries AMZ, (solid), AMZ, (dashed), and AM3, (dotted-dashed lines) of the 9 | Moo 1 1oV tons - 30 AMZ,
radiative corrections matrix as functions of g with a fixed M4 = 300 GeV for three different 0 [, s
iz z1is
(Mg, tan ) sets and A; such that it accommodates the mass range M), = 123-129 GeV. AMZ,
o o o ~— _2 . N
H = cosaHY +sinaH? and h = —sinaHY + cos o H} -3 2 - 0 1 2 3
p [TeV]
2 2 2 2.2 2.2 2 42,2
Mi = 22 22 M2 a= arctan( M7+
0
i et N S —
310 | 01}
5 Ms = 3 TeV, tand = 2.5 02t
- Ma -~ 300 GeV Mg = 1.5 TeV,tans3 - &
O My =1 TeV.tan8 =30 B [Tr——d
= 305 b 03 ;
p= . Ms = 3 TeV, tand = 2.5
300 -0.5 r -?1
3 2 -1 0 1 2 3 3 -2 -1 0 I 2 3

u TeV, p [TeV]

Figure 2: The mass of the heavier CP-even H boson (left) and the mixing angle o (right) as a
function of p with (solid lines) and without (dashed) the off-diagonal components components

for M4=300 GeV and three (Mg, tan ) sets. A, is such that M, =123-129 GeV and A,=0.




A. Djouadi et al.

123 GeV < My, < 129 GeV
AMy /My

Ma = 300 GeV
tan3 - 5

Ms (TeV)

123 GeV < M,, < 129 GeV
Ao

My o 300 GeV
tan3 ~ 5

1.5 2
Ms (TeV)

128 GeV < My, < 129 GeV

123 GeV < M), < 129 GeV

tan3 - 30

Ms (TeV)

Figure 3: The variation of the mass My (left) and the mixing angle o (right), are shown as
separate vertical colored scales, in the plane [Mg, X;] when the full two loop corrections are
included with and without the subleading matrix elements AM?%, and AM?%,. We take M 4 =300
GeV, tanf = 5 (top) and 30 (bottom) and the other parameters are varied as described in the

text.




MIXING COEFFICIENTS AND COUPLINGS

etree level SUSY suggests a fit to h data with three couplings, 1n

alternative to the usual cv, cr fit: ,  cosa .  sina

0 .
C:r = S1N1 — ). C; — - . C,. =— —

0_,0 0 _,0
o=@, & =&

ecorrections to ¢t and ¢y from s-top and s-bottom exchange could be
appreciable (few to 10 percent) and are discussed in our Orsay-Roma

paper
emost exact: 5 couplings
eat present: cc only 1n total widths, T branching ratio known to 40% error

ea three-coupling fit 1s meaningful: cv, ¢t , cp

LAL Orsay, Feb 07, 2014 Luciano Maiani. Post-Higgs MSSM
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T T T T T T l o a0 01| CMS Preliminary m, = 125.7 GeV

ATLAS Internal :m, = 125.5 GeV H—> bb (VH tag) | 1% =62 (p,, =094)

WZH~bb | Hobb(ttHtag)

ﬁ;OY:;.ILm;::'D' ¢ == _ H - vy (untagged)

H— e | BE=EE== | Hoyy(VBFtag)

ﬁ:ﬁ:&ﬂ%;‘:ﬁ —i— H - vy (VH tag)

el B E H—> WW (0/1 jet)

Goatev fum.zorn’ 5 H— WW (VBF tag)

Q::Q\Yr}m“ave‘ —— H—)WW(VH (ag)

g . ::.;j’zugn]- 2.7 :l' H - 1t (0/1 jet)

G=7Tov fin=4a6m g H — tt (VBF tag)

Geatovfistezo7n’ H — tt (VH tag)

Combined H— ZZ (011 jet)

A e e HozZ@jew)|

1 | | | I | 4 2 0 2 4

-1 0 +1 |£=0.80:|:0.14J Best fit o/c,,
:‘;&%“Cfest-ﬁt regions a:l ORSAY-ROMA Collab.: A. Djouadi, L. Maiani, G. Moreau, A.
99 % CL E‘lgi;ehetnérzj; )ng) for Polosa, J. Quevillonl , V. Riquer, EPJ C in press, arXiv: 1307.5205
the Higgs signal stren in the
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overlapped regions are
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theoretical prediction for the 1 1
Higgs rates
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http://arxiv.org/abs/1307.5205
http://arxiv.org/abs/1307.5205

*in scenarios where the direct corrections are not quantitatively significant
(1.e. considering either not too large values of u tan B or high stop/sbottom
masses), one can use the MSSM relations to reduce the number of
effective parameters down to two.

ec.g. one can express cv 1n terms of the other two and fit data in the ci-cp
plane

*Note that although for the best-fit point one has ¢y, <1, actually cp> 1, as
required by SUSY, in most of the 1o region.

2.0

MSSM Higgs fit

99% CL

1.0 -
b 68% CL * g\
0.5
Fit of u ratios 68% CI
0.0
0.4 0.6 0.8 1.0 12 1.4

Ct

LAL Orsay, Feb 07, 2014 Luciano Maiani. Post-Higgs MSSM
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N

ORSAY-ROMA Collab.: A. Djouadi, L. Maiani, G. Moreau A.
Polosa, J. Quevillonl , V. Riquer, EPJ C in press, arXiv: 1307.5205

95% Cl
68% CL

‘sﬁ.
a‘ - n-.----

B&W IN PRINT

95%



http://arxiv.org/abs/1307.5205
http://arxiv.org/abs/1307.5205

o(pp — H+X) [pb
V6 =14 Te

100 120 145 180 230 300 400 300 ' 100 120 145 200 250 300 400 500
My [GeV] My (GeV]

Roma, 13/01/2014 Implications of the Higgs discovery — A. Djouadi

H - tt

VE = 14 TeV H — bb—
Horr

H o+ WW.

H 27—

H — hh —

a(A) x BR(A) [pb|
o(H) x BR(H) [pb)

M, = 125 GeV My, = 125 GeV
My = 557 GeV My = 557 GeV

2 4 6 8 10 ' 2 4 6 8 10
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5. POST LHC@ 8-13 TEV PROJECTS

| ~shigh Luminosity LHC (10xluminosity = 1.5 energy) =

~ eInternational Linear Collider, e'e” @ 0.5 TeV:

-site approved 1n Japan (Kitakami) + one reserve site (Sefuri):

- Japanese Mountainous Sites -

Site-A KITAKAMI

SEFURI Site-B 0

. Proton-proton Collider @100 TeV:

RN? FermilLab? China?
e T WAYNE Lake

TLEP tunnel in the Geneva area - “best” option = CE
=M Michigan
o ST \ : :

" Lake of Geneva
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6. CONCLUSIONS

* An “intermediate decoupling” region:

- tanp=1-10,
- My 1n few 100 GeVs,
- scalar top below 1 TeV

1s not excluded by present data on h(125) and by limits from Flavor Changing
Neutral Currents;

o1t entails 10-20% deviations of down fermions from ST: a better
determination of h couplings, in particular to b and 7 1s crucial;

ethree coupling fit to data very effective in mapping the allowed region;

e the fit 1s sensitive to the esperimental cuts: a fit made directly by tthe LHC
collaborations would be very useful;

ethe search for SUSY signal to continue in the next experimental round.

Look everywhere,

no time to give up
CERN, May 15, 2013 Luciano Maiani 29



