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The Higgs at 125 GeV
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The Missing Superpartner Problem
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Why Supersymmetry?
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Gauge Coupling running at two loops



At a Crossroad




LHC implications for:

The Standard Model

The Supersymmetric Standard Model

Split Supersymmetry

Higgs and Naturalness



The Higgs in the Standard Model

Higgs quartic coupling A(u)
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Top mass M; in GeV
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The Higgs in the Standard Model
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Top mass M; in GeV
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At the Crossroads




“Why it's very natural, very natural.
I myself in your situation, ...
I'd wait till it was black night before
I gave up.”

Samuel Beckett, “Waiting for Godot”



SSM and the Higgs mass

e If minimal particle content

m% < mQZ + stop corrections

e Needs heavy stop, tuned

e Need to increase the tree level Higgs mass

e New singlet - NMSSM
W DO ANSH, Hg

or

e New U(1) at the TeV scale

m%—tree S (m2Z _|_g (% )



Squark-Gluino Bounds in the MSSM

Squark-gluino-neutralino model, m(i{?) =0 GeV
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Natural SUSY

Bare minimum light spectrum:

e For less than 10% tuning:

e At tree-level: Higgsinos < 250 GeV

S.D., Giudice (95)

The other sparticles can be heavier



m_o [GeV]

Bounds on Natural Supersymmetry

T, production: T, — b+, ;- W+, (BR=1, m, < 200 GeV); T, - t4%, (BR=1, m, > 200 GeV)

_A"
Ly |
b1 L

\ T T | T T T 1 | T \ I T | T T T 1 T \ T T
200 ATLAS Preliminary Observed limits (-107,;,)
— —— Observed limits (nominal)
180 J. Ldt=4.7fb" ys=7 TeV ---- Expected limits (nominal)
L Status: ICHEP 2012 All limits at 95% CL,
1605;’ P
140
120 g"ffﬂff_m"_ei")___ S
100 7
80k o
60
<106 C;y_/
404 J/ _
20 foof
0 Lo |s‘§.—‘;\ T Y I|
150 200 250 300 350 400

1T T T ‘ T T
T beg X W (m; <200 GeV)
2 Iepton (m = 106 GeV)

124 Ieptons + b -jets (m_, = 106 GeV)
i

e 1/2-leptons + b-jets (mw =2xm, o)
11

t — t+x (rrL > 200 GeV)
| ] 0 Iepton
—— 1-lepton

B== 2-lepton

450 500 250
mﬂ [GeV]

(GeV]

mO

1400

1200

1000

800

600

400

200

gg production; g— q q 7:::

| J 1 L} [ 1 L] ] I |

— ATLAS Preliminary

—

”_del =581b, 15=8 TeV

 0-lepton combined

IITIITIII1IIIII]I

I

|

l I 1 J l 1

— Observed limit (116 ,* )
Expected limit (10, —
Observed limit (4.7 fb", TeVI:

-
o
—
—
—
—
—

lllllllllllllllllllll

e Stop up to ~500 GeV (except region around top)

e Gluinoupto~1.2TeV
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The Gluino Sucks
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Gluino Bounds constrain all Low Energy Supersymmetry scenarios



A Natural SUSY Spectrum

e Involves one additional
singlet for the Higgs mass

e Requires low scale gauge
mediation to minimize
gluino running
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Prospects for Natural SUSY by December
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e Gluino probed up to 1.5-1.8 TeV
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At the Crossroads




You and your landscapes!

Tell me about the worms!
Samuel Beckett, “Waiting for Godot”



Split Supersymmetry

e Solves flavor and CP
problems

e Preserves successes of
Dark Matter and gauge
coupling unification

Mass

>10 TeV

125 GeV -

Scalar Superparticles

Gluino
Higgsinos
Electroweakinos

One tuned
Higgs



Unification in Split Supersymmetry
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125 GeV Higgs in Split Supersymmetry
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125 GeV Higgs in Split Supersymmetry

Arvanitaki, Craig, SD, Villadoro (to appear)
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e When tanf} > 3 the scalars are lighter than 100 TeV

e Gauginos and higgsinos one or more loops below



Long-lived Gluinos at the LHC

Arvanitaki, Craig, SD, Villadoro (to appear)

-w- T T vh- T

Gluino Mass in TeV

=l

Prompt Gluino Decays

Collider—Stable
Gluinos

" 3 45 e

Scalar Mass in Logm(%)



; B 1 L L] ] L] J L] l L I I l L I I I i L] i ] L] L] L ] ) _
oy iminarvy SUS o
@ 1400 — ATLAS Preliminary LU Opserved imit (+105)
oI = ) —
€ 1200 ”_det 5810, 1548 TeV B Expectedlimit (110,,) -
[ 0-lepton combined Observed limit (4.7 "', 7 Tev) ]

1000 — —]
800 i
600 — —
400 }— v T — —

Gluino Bounds from the LHC

~a . -~ N
gg production; g— qq 1,

200

» .
| 1 Y/ | I 1 L

200

600 800 1000 1200 1400
m. [GeV)

For prompt or
slightly displaced gluinos

G (PD)

CMS Vs=7TeV 50"

T T '.. T T “t ! L] v 1 . )
i : Theoretical Prediction Tracker + TOF E
1 - s gluino (NLO+NLL) . glulno; 50% ag ——
E ssssns stop (NLO+NLL) &~ gluino; 10% ag E
- W4i4! PairProd. stau (NLO) - stop ]|
- = GMSB stau (NLO)  _s«. pair Prod. stau “
- | - GMSB stau 7
107 E
102 %
10°F
o t | L 1 | 1 1
500 1000
Mass (GeV/c?)

For collider “stable” gluinos

Mgluino > 1 TeV for split gluino

2.5 TeV to 3 TeV ultimate reach for split gluino



Split Signatures beyond the Gluino:
Electroweakinos and Higgsinos

Neutralino decays

; 500.‘-1“IIIIIIIII']']I]['I]IIIII"Il"l']'llll_l.
o) .~ ==sssm combined observed -
) " s, combined observed (+16 ) ’
QS -  mmmm combined median expected -
— 400 B « combined expected (+15) =
"~ e 2]2] ObSErved 3
I trilepton (M) observed ]
300 ~0 % miss
“PP = X, X, WZ+E,
200
100 _J
I u.ulﬁ

CMS Preliminary  \'s=7TeV,L_ =4.98 fb"

100 150 200 25300 350 400 450 500

M. =m_. [GeV]
. 1,

10°

95% CL UL oxBF [fb]




Pure Wino LSP phenomenology
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Higgsino LSP:
The Minimal Model for Unification

Only light Higgsinos in the Spectrum

Mass splitting ~355 MeV

Soft pions with sub-cm charged tracks

Working search strategy ?



What can the Higgs tell us?




Naturalness and Higgs Properties

A Natural Higgs is not the SM Higgs



Signal strength (u)

The hints for a BSM 125 GeV Higgs
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Conclusions

e Natural Supersymmetry
e Requires new ingredient in the MSSM for the Higgs

e Gluino mass constraints push natural SUSY to the corner

e LHC will further test Natural SUSY by the end of 2012

e Split Supersymmetry

e Higgs Mass points to Mini Split

e Higgs Mass and Properties

e A non SM higgs favors naturalness



What is Next Experimentally?

e This year

T, production: T, - b+¥,, ¥~ W"’+;z? (BR=1, m. <200 GeV); F,— t+z:’ (BR=1, m. >200 GeV)
1 ul
7\ T ‘ T T 7T ‘ T 17 ‘ 1T T T ‘ \\\\\\\\ ‘ T T 7T | LI ‘ 1T T T ‘ T

\
. Observed limits (-165YSY

ill the st = S
F [ ATLAS Preliminary =250 TS Cineory ) T = bHL, %= W, (my <200 GeY)  —
® 1 € SLOp gap T 200 y T e e i) Ll n, e ]
vy e _I. Ldt=4.7fo" {s=7 TeV ---- Expected limits (nominal) B /2ieptons * bijeis (m, = 106 GeV)
ol?é_ 1 80 — . e 1/2-leptons + b-jets (m_, =2 x m..)
E [ Status: ICHEP 2012 All limits at 95% CL — ~u ( 200 Gev) 7 2,
_ -t (m. > ©
3 1 60 = =/ ‘— b-leﬂton
e Probe Glumo upto 1.8 TeV : 7 e
¢ 140 j . __— 2-lepton
120 —
Lm,

eomeon <07 _;
e Studyh —vyy e E
60 ———m—:@e—e\/—/ . :
20 e =
Y Ve AR R A O IR R { P
0 150 200 250 300 350 400 450 500 550

m; [GeV]

e Study Higgs couplings

e Continue looking for sparticles
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