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Tevatron Run Il Preliminary, L < 10.0 fo
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1 h
L = Ln— (MEWIWH + §M%ZMZ“)[l +2a-+ O(h?)]

g Bl 4 o+ O(R)] + .
J

Contino etal ’10, 12

SM: (a,c) = (1,1)

7&8 TeV LHC data & Tevatron + EWPD

15 Espinosa, Grojean, Muhlleitner, Trott ’ 12
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So, why SUSY?




Theory:

[Pm PV: = 0
P, M, = i(nupPy — anPM) = i1, P, + symm. ,
(M, Myl = —i(nupMye + symm.) .
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Theory:

[Pm Pl =0
P, M, = i(nMpPy — anPM) = i1, P, + symm. ,
M., Mp?: = —i(anMw + symm.) .
P, Qal = [PuQia] =0,
:MW, Qrg: — i(UW)aﬁ Q% ,
My, Q] = i((_fuu)dg' QY

{Qh, Q4 = {Qia,Q;5} =0,
{Qu:Qja} = 28505,Pu,

J o
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Unification of the Coupling Constants
in the SM and the minimal MSSM
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3-loop:
Jack, Jones 97
RH, Mihaila, Steinhauser °05,’07,°09

Amaldi, de Boer, Furstenau ’91
Langacker, Luo ’91
Ellis, Kelley, Nanopoulos '90

Tuesday, September 25, 2012



Fine Tuning
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My=300 GeV, M, ,,=100 GeV, Ay=0
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| am not a SUSY fan.




CMS Preliminary L _=4.98fb"\s=7 TeV
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........................... L] 1] LA L ] L] LI l'l 1 1| LIl
MSUGRA/CMSSM : O-lep + s + £, 3@ §mass
MSUGRA/CMSSM : 1-lep + s +E, 4= §mass IU* =(0.03-4.7) 1"
" MSUGRA/CMSSM : multifets + £ e, Smess gameny) fs=7Tev
s Pheno model : Odep +['s + E, qmass (m(g) <2 TeV, ngni‘:) ATLAS
§ Pheno model : 0dep + |'s + £y 00 g mass (m(q) <2 Tev, 'Gh'i‘:) Poaladety
2 Guinomed. 7' @ ol): 1Hep + IS+ Ey gmass (m(7,) < 200 GeV,m(i") = Km( ) vmi@)
3 GMSB : 2-lep OS, + Ey mua g mass (tang < 35)
= GMSB:1-t+fs+E,__ g mass (tang > 20)
GMSB : 21 'fs+E'm 0 mass (tang > 20)
g MY E e § mass (m(3;) > 50 GeV)
- Ghslnomed.s(ﬁ—'bsi"):o-lepi»b-j'soey,',_ Ems(m(i‘:umose\l)
% thomed.?@—atfif):ﬂep*»b-j’soe,ﬂ_ 5mass(m('if)<1506e\l)
@ Mmed.?@-»ﬁf):z-lep (SS) * S+ E e gmass (m(3") < 210 GeV)
5 Gluino med.T @-1T7") : multfs + £, §mass (m(7") < 200 GeV)
& N?E(s,—’bx‘):2b-jeta+5,,_ v Smas(m(i‘:)tﬁoceV)
________ ... Duect 1t (GMSB): Z(-l) ebiet ¢ £, Umass (115 <m(f,) <230 GeV)
o  Direct gaugino (7.7, — 317°): 24ep SS + £, 7, mass ((m(F3) < 40 GeV.53.m(F;) = m(T;). mil¥) = Len(G) + m))
- Direct gaugino (77, — 31 7,): 34ep + E e 7 mass (m(F,) < 170 GeV, and as above)
“ AMSS : long-lived 7, ¥, mass (1 <t(¥,) < 2 ns, 90 GeV limit in [0.2,90] ns)
:§ Stable massive particles (SMP) : R-hadrons g mass
< SMP : R-hadrons b mass
E SMP : R-hadrons Tmass
g» SMP : R-hadrons (Pixel det. only) 3 mass
. .. GMSB:stableT
RPV : high-mass ey Vv, mass (4}, »0.10, i,,.#0.05)
g Bilinear RPV : 1Hep + s+ E, anmn(q,< 15 mm)
MSUGRA/CMSSM - BC1 RPV : 4-lepton + £, ___ § mass
oo Fiyporcolour scalar gluona : 4 jets, my = m, sgluon mass (excl: m, < 100 GeV, myg= 140+ 3 GeV)
1 1 P L il 2 | A L i1l 2 1 2 4 11l 1 2 1 1.1

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 2012)

107

*Only a sefection of the avalable mass bmils on new stafes or phenomena shown

1

10
Mass scale [TeV]
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Enlarged Higgs sector: Two Higgs doublets

Hq

<
|

(H]1> (Ul—l—(gb]—l—i){])/\/i)
H]2 q5]
( ) ( 2 )
]12 v2 | (¢2 | ZXQ)/\/_

miH1Hy + m5HoHy — mis(eqpH{HS 4 h.c.)

12 2 2
g - +g _ _ g _

| (H1Hy — HyH»)? + 2 |HyH>|?
_8 2

gauge couplings, in contrast to SM

physical states: h9, HY A9 H=*

Goldstone bosons: G9, G*

Input parameters: (to be determined experimentally)
tan g3 =U—2, Mfl: —m%Q(tanﬁ + cot8)

v1
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Z¢1¢2 Z¢2
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For moderate to large values of tan beta and large non-standard Higgs masses

5 5, 3 m |1 - 1 (3m’ ~ 5
m, =M,cos"2p+——|=X,+1+ - 32na, (Xtt+t)

4mx” v- |2 1627\ 2 v?
- 2X] X’ _a . .
= log(MgUSY/mtz) X =— t (1 _ 12Mt2 X, =A, —u/tan f —=LR stop mixing
M g5y SUSY
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Z¢1¢2 Z¢2
/‘)‘\
/ \

- - -=- 4+ -=A F--+---
\ /
\*/

For moderate to large values of tan beta and large non-standard Higgs masses

3 mtll - 1 3 m?> N
2 2 2 t ¢ 2
m:=M2cos 20+ — X +t+ — —mo, | X t+¢1
g ‘ & 4x° v° [2 t 167772(2 v’ 3)( t )}
t=log(M?,, /m}) X, = 2)292 (1_ Xfi X, = A, —u/tan f —LR stop mixing
MSUSY 12]\4SUSY

Mu precision observable for SUSY
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=.

= ATLAS 2011 — 2012

D O s=7TeV: [Ldt=4.7-481b" + Best fit

= 1 — 68% CL

o s =8 TeV: [Ldt=5.8-5.9 fb

= ---95% CL

© 4 —H—=yy

S v —H-—>2z" >4

CD :l .

O 1 1 1 1 i e e --9--q--y--p--b-cpmmmoq--4q--
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|-loop
[J. Ellis, Ridolfi, Zwirner 91], [Okada, Yamaguchi, Yanagida '91], [Haber, Hempfling '91]
[Chankowski, Pokorski, Rosiek '92], [Brignole ’92], [Dabelstein '95], [Pierce, Bagger,

Matchev, Zhang ’'97]

2-loop
[Carena, Espinosa, Quiros, Wagner ’95], [Haber, Hempfling, Hoang ’97], [Espinosa,

Navarro '02]
[Hempfling, Hoang ’'94], [Heinemeyer, Hollik, Weiglein ’98 + Rzehak ’'05], [Zhang ’98],

[Espinosa, Zhang ’'00], [Degrassi, Slavich, Zwirner ’01], [Brignole, Degrassi, Slavich,
Zwirner ’02], [Dedes, Degrassi, Slavich ’03], ...

— FeynHiggs [Heinemeyer, Hollik, Weiglein +
Hahn, Frank, Rzehak + Degrassi, Slavich]

CPSuperH [Lee, Pilaftsis, Carena, Choi, Drees, Ellis, Wagner]

3-loop

[Martin ’07]
[Kant, RH, Mihaila, Steinhauser ’10]
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: 3-loop: )
130 Kant, RH, Mihaila, Steinhauser ’10 .

2000

000 OC

b ©)3 &)-(5

~ 30,000 diagrams

m;, = 500 GeV |

m;, = 1000 GeV .

mg = 500 GeV

mg = 2000 GeV
pususy = 800 GeV,
tan 3 = 10,

My = 1500 GeV .
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MSSM Higgs Mass

140
XZ — \/ng
B0 maenegy e
> 0 T
g B
§ 110
XZ — O
100 Suspect
: FeynHiggs
9()l | | | L i
200 300 500 700 1000 15002000 3000
Mgz [GeV] Hall, Pinner, Ruderman ’| 2
see also:

Heinemeyer, Stal, Weiglein ’ 12
Arbey, Battaglia, Djouadi, Mahmoudi, Quevillon 12
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Grey: excluded
Black: Ryy > |

Red: Ryy> 2

Benbrik, Gomez Bock, Heinemeyer,
Stal, Weiglein, Zeune ’12

100 150 200 250 300 350 400 450 500

M A (GeV)
Parameter Minimum Maximum
Mgusy 750 1500
Moy ~ 2M, 200 500
Ré? _ o(pp — hi) x BR(h; — X) A=A, = A —2400 2400
o(pp — Hsy) x BR(Hsy — X) D 20 3000
A
tan (3 1 60

X =YY
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NMSSM: 7 Higgs bosons:  Hi,Hy, H3, Ay, As, H", H™
MSSM: m3 =~ MZ cos* 283 + Ams:
NMSSM: m3 ~ Mz cos? 203 + \*v? sin? 20 + Am?

Radiative corrections:
Ellwanger ’93; Elliot, King, White ’93; Pandita ’93; Ellwanger, Hugonie ’05; Degrassi, Slavich ’10;
Staub, Porod, Hermann ’10

NMSSMTools Ellwanger, Gunion, Hugonie '05

Hall, Pinner; Ruderman ’[2

King, Muhlleitner, Nevzorov ’12

Benbrik, Gomez Bock, Heinemeyer, Stal, Weiglein, Zeune ’12
Signal could be the heavy Higgs, also in the MSSM!

Belanger, Ellwanger, Gunion, Jiang, Kraml| |2
Have we seen two Higgses?

Tuesday, September 25, 2012



Tuesday, September 25, 2012



s it a Higgs!?
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s it a Higgs!?
s it the Higgs?
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s it a Higgs!?
s it the Higgs?
s it a SUSY Higgs!?
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s it a Higgs!

s it the Higgs!

s it a SUSY Higgs!?

Which one! Which SUSY??
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s it a Higgs!

s it the Higgs!

s it a SUSY Higgs!?

Which one! Which SUSY??

Experiment ® Theory
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Higgs production in the Standard Model
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LHC Higgs XS WG:

g%\ASSM 2 9%4881\4 2 gMSSM 9184881\4

MSSM 1

o (g = ¢) = ( Py ) Utt(gg—><b)+< ey > obb(8g — @) + T o (g — ),
£ b 1 b

Tuesday, September 25, 2012



LHC Higgs XS WG:

g%\ASSM 2 9%4881\4 2 gMSSM 9184881\4

MSSM 1

o (g = ¢) = ( Py ) Utt(gg—><b)+< ey > obb(8g — @) + T o (g — ),
£ b 1 b
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LHC Higgs XS WG:

15 A Pl
t
JMSSM(gg N ¢) _ < gSM ) Utt(gg N qb) + ( gSM ) abb(gg — Cb) + gSM gSM Utb(gg — Qb)a
t b t b

All contributions for NLO MSSM Higgs known:
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LHC Higgs XS WG:

GMSSM 2 9%4881\4 2 gMSSM 911;488M
t
t b t b

All contributions for NLO MSSM Higgs known:

NLO: RH, Steinhauser ’04; Anastasiou, Beerli, Daleo '08; + Bucherer, Kunszt '06;
Mubhlleitner, Rzehak, Spira ’07/°08; Aglietti, Bonciani, Degrassi, Vicini '06;
RH, Hofmann, Mantler ’| |; Degrassi, Slavich ’08/°10/°12; + Bagnasci,Vicini ' /712
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pp @ 10 TeV

160 1 1 1 ’L 1 1
b+5+t-|;5t —
b+
140 | t+f - ]
b+t ————- w
120 | _ LO b4b+t+f L
b+b+t+t without resummation —  — L
S 80}  My=130GeV A
b . ' ;""

RH, Hofmann, Mantler ’ | |
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102

o(pp — ¢ + X) [pb]

102

-y

- N

o D~
R

mhmax scenario

Ll IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| L 11

—
o
N

LHC HIGGS XS WG 2010

o(pp = ¢ + X) [pb]

tanf; = 30
mhmax scenario

—
o
N

—
o 2 1A 11

M, [GeV]

LHC HIGGS XS WG 2010
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@ collinear logarithms: ~ agln(my/My) ~ asIn(5/200)
@ resummation: bottom quarks as partons
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10
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H + X) [fb]
3,

o(pp — bb

—_k
o

MSTW2008

\s=7TeV .

LHC HIGGS XS WG 2010

uo=(2mb+|\/|H)/4

bb— H (NNLO)
gg— bbH (NLO)

100 200

300 400 500

M, [GeV]

Santander matching:
O.4FS_|_wO.5FS

14+ w

M
w:Iog—H—

My

RH, Kramer, Schumacher’| |

see also
Maltoni, Ridolfi, Ubiali ’12
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SUSY Higgs Xsecs




SUSY Higgs Xsecs

e SUSY theory predictions lag behind SM




SUSY Higgs Xsecs

e SUSY theory predictions lag behind SM
* only partially transferable




SUSY Higgs Xsecs

e SUSY theory predictions lag behind SM
* only partially transferable
* calculational and conceptional issues
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SUSY Higgs Xsecs

e SUSY theory predictions lag behind SM
* only partially transferable

* calculational and conceptional issues

e QCD uncertainties need to be fixed
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What now!




What now!

® find another particle




What now!

® find another particle
superpartner, charged Higgs, exotic Higgs decays,...
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What now!

® find another particle
superpartner, charged Higgs, exotic Higgs decays,...

® if not: precision physics
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What now!

® find another particle
superpartner, charged Higgs, exotic Higgs decays,...

® if not: precision physics

® if not; understand naturalness, ...
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Conclusions

® Theory seems intact
® SM still unchallenged
® SUSY gets cornered

® be prepared for precision physics!

Tuesday, September 25, 2012



ADD X-dim @ 9 TeV,

:

Compositeness@60TeV,

Leptoquark@1.5 TeV
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“Borrowed” from material by:

Sven Heinemeyer, Maggie Muhlleitner, Carlos Wagner, ...
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