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Introduction

[ATLAS Collaboration '12] [CMS Collaboration '12]
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= Signal strengths compatible with a SM-like Higgs
v~ rate above the SM prediction both for ATLAS and CMS
CMS: no update on ~~ channel since ICHEP12
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A great time for Higgs hunters !
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A great time for Higgs hunters !
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Significance of the discovery:
a guote from Herbi ...
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Significance of the discovery:
a guote from Herbi ...

In July the Higgs boson was discovered and
finally gave meaning to all of our lives.
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Significance of the discovery:
a guote from Herbi ...

In July the Higgs boson was discovered and
finally gave meaning to all of our lives.

The question of mass has been settled and no
more silly diets are required.
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Search channels at the LHC

Dominant production processes for a SM-like Higgs at the
LHC.:

gluon fusion: g¢g — H, weak boson fusion (WBF): ¢q¢ — ¢'7H

R
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Main decay channels

Good mass resolution:

® H — ~v (loop induced)
o H 7717717l ,l=e,pu

Poor mass resolution:

® H—-WW*—=uvl vit,l=e,pu
® H— 711~
® H —bb
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Higgs phenomenology beyond the SM

Standard Model: a single parameter determines the whole
Higgs phenomenology: My

In the SM the same Higgs doublet is used “twice” to give
masses both to up-type and down-type fermions

— extensions of the Higgs sector having (at least) two
doublets are quite “natural”

= Would result in several Higgs states
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Higgs phenomenology beyond the SM

Standard Model: a single parameter determines the whole
Higgs phenomenology: My

In the SM the same Higgs doublet is used “twice” to give
masses both to up-type and down-type fermions

— extensions of the Higgs sector having (at least) two
doublets are quite “natural”

= Would result in several Higgs states

Many extended Higgs theories have over large part of their
parameter space a lightest Higgs scalar with properties very
similar to those of the SM Higgs boson

Example: SUSY in the “decoupling limit”
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Higgs physics in Supersymmetry

“Simplest” extension of the minimal Higgs sector:
Minimal Supersymmetric Standard Model (MSSM)

# Two doublets to give masses to up-type and down-type
fermions (extra symmetry forbids to use same doublet)

o SUSY imposes relations between the parameters
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Minimal Supersymmetric Standard Model (MSSM)

# Two doublets to give masses to up-type and down-type
fermions (extra symmetry forbids to use same doublet)

o SUSY imposes relations between the parameters
= Two parameters instead of one: tan 3 = I+, My (Or My=)
= Upper bound on lightest Higgs mass, M
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Higgs physics in Supersymmetry

“Simplest” extension of the minimal Higgs sector:
Minimal Supersymmetric Standard Model (MSSM)

# Two doublets to give masses to up-type and down-type
fermions (extra symmetry forbids to use same doublet)

o SUSY imposes relations between the parameters
= Two parameters instead of one: tan 3 = I+, My (Or My=)
= Upper bound on lightest Higgs mass, M
Lowest order: My, < My
Including higher-order corrections: M;, < 135 GeV
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Higgs physics in Supersymmetry
“Simplest” extension of the minimal Higgs sector:

Minimal Supersymmetric Standard Model (MSSM)

# Two doublets to give masses to up-type and down-type
fermions (extra symmetry forbids to use same doublet)

o SUSY imposes relations between the parameters
= Two parameters instead of one: tan 3 = I+, My (Or My=)
= Upper bound on lightest Higgs mass, M

Lowest order: My, < My
Including higher-order corrections: M;, < 135 GeV

Detection of a SM-like Higgs with My 2 135 GeV would have

unambiguously ruled out the MSSM, signal at ~ 126 GeV Is
well compatible with MSSM prediction
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Higher-order corrections to the upper bound on
M;, In the MSSM

VOLUME 66, NUMBER 14 PHYSICAL REVIEW LETTERS 8 APRIL 1991

Can the Mass of the Lightest Higgs Boson of the Minimal Supersymmetric Model
be Larger than mz?

Howard E. Haber and Ralf Hempfling

Santa Cruz Institute for Particle Physics, University of California, Santa Cruz, California 95064
(Received 3 January 1991)

In the minimal supersymmetric model (MSSM), the tree-level mass of the lightest Higgs scalar A°
cannot be larger than the mass of the Z boson. We have computed the one-loop radiative correction to
the upper bound on m,0 as a function of the free parameters of the MSSM. We find that the dominant
correction to m,o—mz is large and positive and grows like m*, where m; is the top-quark mass. As a re-
sult, the MSSM cannot be ruled out if the CERN e *e = collider LEP-200 fails to discover the Higgs
boson.

“One of the most expensive calculations in physics”
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Higher-order corrections to the upper bound on
M;, In the MSSM

ANL-HEP-PR-99-109
CERN-TH/2000-005
DESY 99-197
FERMILAB-Pub-00/028-T
KA-TP-10-1999
SCIPP-99/46

hep—ph /0001002
Reconciling the Two-Loop Diagrammatic and

Effective Field Theory Computations of the Mass
of the Lightest CP-even Higgs Boson in the MSSM

M. Carena %', H.E. Haber ¢, S. Heinemeyer 1,

W. Hollik ¥, C.E.M. Wagner "*% and G. Weiglein T
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The first hep-ph number in the year 2000

SLAC-PUB-8324
UCLA/99/TEP/48
Saclay-SPhT-T99/147
hep-ph,/0001001
January 1, 2000

A Two-Loop Four-Gluon Helicity Amplitude in QCD

Z. Bern*
Department of Physics and Astronomy
UCLA, Los Angeles, CA 90095-1547

L. Dixon'
Stanford Linear Accelerator Center
Stanford University
Stanford, CA 94309

and

D.A. Kosower
Service de Physique Théorique
Centre d’Etudes de Saclay
F-91191 Gif-sur-Yvette cedex, France

Submission history
From: Lance Dixon [view email]
[vl] Sat, 1 Jan 2000 00:00:58 GMT (30Kkb)
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Music, song and dance
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Music, song and dance

Do Phenomenologists Sing and Dance Better Than String
Theorists?

By cjohnzan | July 21, 2005 L0:40 am

You may recall my recollection in an earlier post about the dancing of the string theorist participants of the Strings 1998 meeting in

Santa Barbara, and you may have listened to the singing of the youth of the field at Strings 2005. A good time was had by all in each
case, [ understand.

Well, the good times continue. Last night, the participants of SUSY 2005, which is taking place in Durham (see some remarks in an
earlier post) showed that they can holler and shake their collective booty too. At a barbecue in the sunny long evening, we saw a
performance of the Institute for Particle Physics Phenomenology (IPPP)'s own Ceilidh band, (pronounced “Kaylee”), comprised of
several physicists, their spouses and offspring, (see here for a list and more info) and joined by special guests and physicists Howie
Haber on guitar, and David Lyth on fiddle, and led and smoothly MC’ed by the Institute's director James Stirling (also on guitar).
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Howie’s second life ?
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Howie’s second life ?

Is officially recognized and inducted as a

Great Blues Artist .

from

New York

in the

PBlues Hall of Fame o

An American Heritage, International Organization
June 10%, 2012

Chairman of the Board v
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Higgs & SUSY — SUSY & Higgs
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Higgs & SUSY — SUSY & Higgs

Higgs and SUSY

& = Howard E. Haber
IP__ p W W
e~ 16 December, 2011

IPPP
University of Durham
Durham, UK

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.15



Higgs & SUSY — SUSY & Higgs

King Henry and
Thomas Becket

Thomas Becket and
King Henry




Where Is the new physics that stabilises the
gauge hierarchy ?
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Where Is the new physics that stabilises the
gauge hierarchy ?

Large number of searches, many limits, .. |
[ATLAS Collaboration '12]

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

March 2012)

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV T |||||||| T |||||||| T |||||||| T LI
MSUGRA/CMSSM : 0-lep + j's + E¢ iss |L=47b " (2011) [ATLAS-CONF-2012-033] 1407ev.| §=gmass
MSUGRA/CMSSM : 1-lep +J's + Er s |47 (2011) [ATLAS-CONF-2012:041] 120Tev| g =g mass ILdt =(0.03-4.7) fo*
2 MSUGRA/CMSSM : multijets + Ey s L2471 (2010) aTLAS-CONF-2012-027) 850Gev.| g mass (large mg) fs=7Tev
S Pheno model : O-lep +J's + Eq s [L=471b*(2011) [ATLAS-CONF-2012-035]. 138Tev. qmass (Mm(g) <2 TeV, Iight?z) ATLAS
§ Pheno model : O-lep +J's + E igs [L=a7 " @2011) [ATLAS-CONF-2012-033] 940Gev| g mass (m(q) <2 TeV, Iigh&?) Preliminary
% Gluino med. % G- qﬁ?) T1-lep + 'S + Ep yes [L=4717 (2011) [ATLAS-CONF-2012.041] 900GeV| gmass (m(%l)) <200 Gev,m&k) :El(m&ohm(ﬁ))
3 GMSB : 2-lep OSSF + Eq miss [L=1.01* 2012) (ATLAS-CONF-2011-156] 810Gev. g mass (tang < 35)
= GMSB: 1T +]S+E_ . [ico1m” ow arias-conF-2012.005] 920Gev. g mass (tanf > 20)
GMSB : 2-T +js + ET,mlss L=2.1fb™* (2011) [ATLAS-CONF-2012-002] 990GeV. g mass (tanf > 20)
GGM :yy + ET‘mISS L=1.1fb™ (2011) [1111.4116] 805GeV. §Mass (m(?) > 50 GeV)
_ Gluinomed.b (§-bBY) : O-lep + b's + Er gy gmass (m&?i) <300 Gev)
-% Gluino med. t (G- tt ) 1 1lep + bej's + Eq g g mass (m(?l’) < 150 GeV)
©  Gluino med.t (ﬁatfg]) 2 2-lep (SS) + 'S + Et miss g mass (m&?) <210 GeV)
:f’ Gluino med. T G- tT%’) : multi-'s + Eq miss gmass (m&g) <200 GeV)
= Direct bb (b, bX’) : 2 bjets + Er s b mass (m(?;) <60 GeV)
~ DirectT{(GMSB): Z(~I) +bjet+E_ Tmass (115 <m(%) < 230 GeV)
o Directgaugino (XX} ~ 31%) : 2-lep SS + Ey 1, (ENSRUEHERERININEEEN & mass (m() < 40 GV, mk) =m(x), m(i%) = Lm () +m)
D 777777777 Direct gaugino (z% g ) 7”3]}2 ) 3-lep + By g [L=217 (2011) [ATLAS-CONF-2012-023] 250 Gev % mass (m&g ) <170 GeV, and as above)
2 AMSB : long-lived % K mass (1 <t(X’) < 2 ns, 90 GeV limit in [0.2,90] ns)
£ Stable massive particles (SMP) : R-hadrons g mass
_§ SMP : R-hadrons
2 SMP : R-hadrons
o SMP : R-hadrons (Pixel det. only) g mass
3 GMSB : stable !
777777777777777777777777777777777 RPV : hlgh-masseu L=11b" (2011) [1109.3089] 1.32Tev Q‘ mass (A5,,=0.10, A,,,=0.05)
§ Bilinear RPV : 1-lep +J's + Eq ss [t=10 2013) [1109.6606] 760Gev.| ( =g mass (CT gp < 15 mm)
MSUGRA/CMSSM - BC1 RPV : 4-lepton + ET,miss L=2.1 b (2011) [ATLAS-CONF-2012-035] 1.77 TeV a mass
7 sgluon mass (excl: msy < 100 GeV, mgy = 140+ 3 GeV)
1 1 L1 1111 1 1 L1 1111 1 1 11 1

*Only a selection of the available mass limits on new states or phenomena shown
y p

10? 1 10

Mass scale [TeV]

Interpretation in specific scenarios, e.g. CMSSM, and in
“simplified models”
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Tough times for SUSY hunters 7
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Tough times for SUSY hunters 7
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A look back to the pre—LHC days

Global fits in constrained SUSY models (CMSSM, ...):

Best fit point was close to SPS 1la (LM1, ...) benchmark
point:

Low scale SUSY point
= “plain vanilla” SUSY
— “best case scenario” for LHC and LC
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A look back to the pre—LHC days

Global fits in constrained SUSY models (CMSSM, ...):

Best fit point was close to SPS 1la (LM1, ...) benchmark
point:

Low scale SUSY point
= “plain vanilla” SUSY
— “best case scenario” for LHC and LC

Preference for light SUSY scale was mainly driven by (¢ — 2),
= light ¢, i, x, ...: light electroweak SUSY particles
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Particle spectrum of the SPS 1a benchmark point

800

m [GeV]
700 L

600 L g

U
500 L Ry UL 51

400 LFr0, A0

—_— c0

300 L

200 | [P —
4

Ir

1
h? .
100 | 0

0

= all SUSY masses below 600 GeV
= “plain vanilla” SUSY at its best
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Pre—LHC: Fit results for the CMSSM
from precision data

Comparison: preferred region in the my—m, , plane vs.

prospective CMS 95% C.L. reach for 0.1,1 fb~ ! at 7 TeV

[O. Buchmueller, R. Cavanaugh, A. De Roeck, J. Ellis, H. Flacher, S. Heinemeyer,
G. Isidori, K. Olive, P. Paradisi, F. Ronga, G. W. '10]
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- full CMSSM
300 parameter space
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— Best fit point was within the 95% C.L. reach with 1 b~
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Comparison: CMS results with

1 b1

[CMS Collaboration "12]

300
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e Y B e
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N MT2 -
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...

-

.......
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~
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= High sensitivity from search for jets + missing energy

Pre—LHC best-fit point excluded
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What has actually been excluded ?
A closer look on the SPS 1a spectrum
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What has actually been excluded ?
A closer look on the SPS 1a spectrum

Sensitivity for exclusion limits relies on the (strong interaction)

production of the gluino and the squarks of the first two
generations
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What has actually been excluded ?
A closer look on the SPS 1a spectrum

Sensitivity for exclusion limits relies on the (strong interaction)

production of the gluino and the squarks of the first two
generations

The SPS 1a spectrum would still be perfectly allowed if just
the gluino and the squarks of the first two generations were

heavy (while all other SUSY particles are kept at their SPS la
benchmark values)
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What has actually been excluded ?
A closer look on the SPS 1a spectrum

Sensitivity for exclusion limits relies on the (strong interaction)

production of the gluino and the squarks of the first two
generations

The SPS l1la spectrum would still be perfectly allowed if just
the gluino and the squarks of the first two generations were
heavy (while all other SUSY particles are kept at their SPS 1a
benchmark values)

= The searches for direct production of third generation
squarks and of electroweak SUSY particles do not yet have
sufficient sensitivity to exclude even a “plain vanilla” SUSY
spectrum like SPS 1a
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How robust are the limits on squarks of the first
two generations ?

LHC analyses so far assume that all eight squarks of the first
two generations are mass-degenerate

But: Squark spectra can be split within and across
generations

— could have important impact on LHC limits

Current limits are optimised for heavy degenerate squarks
Experimental efficiencies sharply deteriorate for lighter
squarks
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Reinterpretation of the ATLAS and CMS search results

(5 tb~1) for case of non-degenerate squarks (1st, 2nd gen)

[R. Mahbubani, M. Papucci, G. Perez, J. Ruderman, A. Weller ’12]

g V. § Cp V. §
2000 puue R - g 2000 , k , g
18000 ./ 1800 ,
\ \ ', T | Clim
G-;"[Tlim | i
, L=498b" \ '- L=498 fo!
1600 . 1600 5
> my; =50 GeV | = mg =50GeV | i
) ‘.~ ‘\2 (7] / | | g
O 1400 L oS O 1400 5 0.
m ¥ \\ _____ \\ '\\ m 1 i
= | . =
1200+ 1200 _t
1000- I 1000 5 s
q‘ﬂ-_%“‘---zﬂ———___,___h‘ -'.“ ‘k“‘-u.h“ _ﬂ_'“'--.___‘______ ______________ St
0000 600 800 1000 1200 S0 400 60 800 1000 1200
my, [GeV] me, [GeV]

= Squark limits are drastically weakened compared
to the degenerate case
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Are there possible hints for effects of new physics

elsewhere: how about the WW cross section ?
[D. Evans, HCP 2012]

(Non-Exhaustive) Summary of Diboson Cross Section Measurements

oo . __,L_ : x T oWy vy nzmT 1 e Tew) | ¥ & ' 3 ',,},',, : Bl "o Wiy v (4.8 1E, 188 Tov)
" P
E /‘ﬁ/ e — O WE /1w (B8 1b7, 1 56 Tei')
E 1 Lefe— COF WZ-+ii'v (7.1 o™, 1.9 TeV)
i COF Wy —ivy (1 17, 1,96 Tov) 5
R ; CMS WONEZ -luy (50 17, T Taw)
% ATLAS WIWIZ)— v 4.7 17 7 Tev)
3:-;5/;, e ATLAE Wy vy (1.02 5", 7 Tev) —inp— CME WZ /i1y {1.00 i, 7 Tov}
- ATLAS WZ—ii"y (408 57, T TeW)
: . e CMS WW v 3,54 i, B Tev)
o CMS Wy —+vy (5187, 7 Tov) ;
e ¥, CHMS WW i iy (182 fa”, T TeY)
L ATLAS WW—lvfv (46107, 7 Tev}
; e Thoory T A4 Theary
\ — Al Uncartminty — Sttt Usncenainty
Wy Cross Section Results Toted Uncartainty WI{W/Z) Cross Section Results Total Uncertainty
' : ' | I ' : ' ' : ' ' . I . ' L
1 2 3 1 2 3
[Measured/Predicted] [Measured/Predicted]
1 T T [ T T T T T " AETERER) 1 T T T T I T 1 T =T 7T T LS T
- ."J B0y — vy (38 MR, 1.9 Tel) ._._*._._ O ZE -0l v Jup te BE T, 196 TeW)
_ﬁ';,, Do Zy—ily (6.2 1k, 1.56 TeV) e COF ZZ—1iiv v (6 1b™, 186 TeV)
i COF Ly—07 (ug e 2", 1.96 Tav) - ATLAS ZE—wmislive (4.7 187, T Tev}
S A CMS Zy v vy (6107, 7 Tew) e CMS ZZ i (S02 10, 7 TeV)
o A ATLAS Fy—iiy (1.02 I, T TeV) s ATLAS FZ—/7 (5.8 i, B TeV)
< CMES Zy -y (5 F07, 7 Tav) o — CMS ZZ—iiri (526 17, # Tev)
! ey Thedory e Theary
o — SEL Uncartainty — Stat. Unoortainty
Zy Cross Sectipn Results Totnl Uncrstminky ZZ Cross Seclion Results Total Lincertninty
1 1 1 | 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1
1 2 3 1 2 3
i _ . Measured/Predicted
See bibliography in backup for inputs] 16 [ ]
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WW cross section: experimental results vs. SM
prediction

[M. Mangano, HCP 2012]

WW Cross-sections ww cont.
d Backgrounds

~ Jet-veto and other systematics of
kinematical origin are greatly reduced

in the o (8TeV)/a(/TeV) ratio

Future greater statistics in pp—ZZ will
. allow to greatly reduce such systematics
s also for the predictions at fixed-energy

] Results - 24
|.|'1-(ﬂ!“} o(pp - WW) X B (pb) SM NLO

Evente

Ewanis | 10GeY
= 3

ATLAS 7TeV 4.6 51.9 + 2.0(stat.) + 3.9(syst.) +2.0(lumi)  44.7*33 A
CMS 7TeV 4.9 524 + 2.0(stat.) £ 45(syst.) £ 1.2(lumi.) = »1.5-20 off
CMS 8TeV 3.5 69.9 + 2.8(stat.) + 5.6(syst.) + 3.1(lumi.) 573122

d Systematics (~8%0)
— Jet Veto efficiency (major), lepton, E7'ZS, lumi

A proposal for BSM interpretations of this discrepancy:

chargino production and leptonic decay
Feigl, Rzehak, Zeppenfeld, arXiv:1205.34682
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The MSSM is still doing well . ..
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Determination of the properties
of the state at ~ 126 GeV

Mass: statistical precision already remarkable with 2012 data

— Need careful assessment of systematic effects
for v+ and ZZ* channels,

e.g. interference of signal and background, ...

Spin: Observation in v+ channel = spin O or spin 27
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Determination of the properties
of the state at ~ 126 GeV

Mass: statistical precision already remarkable with 2012 data

— Need careful assessment of systematic effects
for v+ and ZZ* channels,

e.g. interference of signal and background, ...

Spin: Observation in v+ channel = spin O or spin 27

At which level of significance can the hypothesis spin = 1
be excluded (2 ~4’'s vs. 4 ~'s)?

Spin can in principle be determined by discriminating between
distinct hypotheses for spin 0, (1), 2

But: How should one model a spin 2 particle?

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.31



Parametrisations for the spin 2 case

Spin 2: non-renormalisable theory

= effective theory, in general has a bad high-energy
behaviour

— can have large impact on total cross section
— focus on angular correlations, shape of distributions

Bad high-energy behaviour can be damped by introduction
(ad hoc) of a “form factor”

— preferable to focus on observables that are insensitive to
form factors

Benchmark proposal under discussion in LM subgroup of the
LHC Higgs XS WG

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.32



C’P properties

CP-properties: experimentally much more difficult than spin
Can be any admixture of CP-even and CP-odd components

Observables investigated up to now (H — ZZ*, WW* and H
production in weak boson fusion) involve HV'1/ coupling

General structure of HV'V coupling (from Lorentz invariance):
a1(q1.q2)g" + a2(q1. @2) [(q1q2) ¢* — @' 5] + as(q1. ¢2)€""? q1,p920

Pure CP-even state: a1 = 1,a9 = 0,a3 = 0,

Pure CP-odd state: a1 = 0,a9 =0,a3 = 1

However, iIn most BSM models a3 would be loop-induced and
neavily suppressed =- Realistic models usually predict a3 < a4

= Observables involving V'V coupling provide
little sensitivity to effects of a C’P-odd component

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.33



C’P properties

Observables involving the ZV'V coupling “project” to the
CP-even component of the observed state
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the C'P properties of the new state

Which upper limit on a CP-odd admixture can be set?
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C’P properties

Observables involving the ZV'V coupling “project” to the
CP-even component of the observed state

The fact that we have observed the new state in the ZZ* and
WW* channels (at a certain level of significance) already tells
us that it is most likely not a pure CP-odd state

— Discrimination between the hypotheses of a pure CP-even
and a pure CP-odd state will be relatively easy

However, this will not be sufficient to determine
the CP properties of the new state

Which upper limit on a CP-odd admixture can be set?

= Channels involving only Higgs couplings to fermions
provide much higher sensitivity

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.34



Coupling determination: theory issues

o What is meant by measuring a coupling?
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o What is meant by measuring a coupling?

A coupling is not directly a physical observable; what is
measured Is ¢ x BR (within acceptances), etc.

— Need to specify a Lagrangian in order to define the
meaning of coupling parameters
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Coupling determination: theory issues

o What is meant by measuring a coupling?

A coupling is not directly a physical observable; what is
measured Is ¢ x BR (within acceptances), etc.

— Need to specify a Lagrangian in order to define the
meaning of coupling parameters

# Once (electroweak) higher-order corrections are taken

Into account, the Higgs couplings in the SM cannot be
treated as free parameters

— Cannot “measure” the couplings directly from a
comparison of SM predictions with the data

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.35



Coupling determination: experimental issues

# The experimental results that have been obtained for the
various channels are not model-independent

s Properties of the SM Higgs have been used for
discriminating between signal and background

s Need the SM to correct for acceptances and
efficiencies

# The total Higgs width cannot be measured at the LHC
without additional assumptions
— Can In general only determine ratios of couplings,
not absolute coupling values

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.36



Experimental input: single channel results

Single channel results: signal strength parameters ; for
separate search channels

— Most robust information for testing different models
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Experimental input: single channel results

Single channel results: signal strength parameters ; for
separate search channels

— Most robust information for testing different models

Interpretation is nevertheless not trivial.:

#® Assume same acceptances and efficiencies as in the SM?
#» How to disentangle different production modes?

Correlations?
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Experimental input: single channel results

Single channel results: signal strength parameters ; for
separate search channels

— Most robust information for testing different models

Interpretation is nevertheless not trivial.:

#® Assume same acceptances and efficiencies as in the SM?
#» How to disentangle different production modes?

Correlations?

Very useful for confronting theory predictions with
experimental results

Widely used In the literature

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.37



Single channel results vs. simultaneous
Information from several channels

Adding information from different channels increases
sensitivity

But: interpretation of the results is in general more difficult
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Single channel results vs. simultaneous
Information from several channels

Adding information from different channels increases
sensitivity

But: interpretation of the results is in general more difficult

Use lowest-order parametrisation of Higgs couplings
(effective Lagrangian)?

— Manifestly model-independent

But comparison of extracted couplings with “best” SM
oredictions (as defined by the LHCHXSWG, including
nigher-order corrections) is difficult

s the chosen basis for the couplings sufficiently general
to express the SM predictions including all available
higher-order corrections?

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.38



Strategy for the coupling analysis

As long as the SM continues to be (roughly) compatible with
the data:

— Use full SM predictions including all available higher-order

corrections (“best” SM predictions as defined by the
LHCHXSWG)

+ parametrisation of deviations

— Appropriate tools needed
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Strategy for the coupling analysis

As long as the SM continues to be (roughly) compatible with
the data:

— Use full SM predictions including all available higher-order

corrections (“best” SM predictions as defined by the
LHCHXSWG)

+ parametrisation of deviations

— Appropriate tools needed

In case SM gets ruled out = Move to other reference model

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.39



Parametrisation of deviations from the SM

Deviations from the SM: in general both the absolute value of
the couplings and the tensor structure of the couplings
(affects CP properties) will change
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Parametrisation of deviations from the SM

Deviations from the SM: in general both the absolute value of
the couplings and the tensor structure of the couplings
(affects CP properties) will change

— Determination of couplings and determination of
CP properties can in general not be treated separately
from each other

Deviations from the SM would in general change kinematic
distributions

— No simple rescaling of MC predictions possible
— Not feasible for analysis of 2012 data set
— Proposal of “interim framework”

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.40



Recommendations of the LM subgroup of the
LHC Higgs XS WG for analyses of 2012 data

Assumptions:

# Signal corresponds to only one state, no overlapping
resonances, etc.

o Zero-width approximation

# Only modifications of coupling strenghts (absolute values
of the couplings) are considered, no modification of the
tensor structure as compared to the SM case

= Assume that the observed state i1s a CP-even scalar

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.41



Recommendations of the LM subgroup of the
LHC Higgs XS WG for analyses of 2012 data

Use state-of-the-art predictions in the SM and rescale the
predictions with “leading order inspired” scale factors x;
(x; = 1 corresponds to the SM case)

Note: scaling of couplings is in general not possible if
higher-order electroweak corrections are included

In the SM: Higgs sector is determined by single parameter My
(+ higher-order contributions)

— Once My Is fixed the Higgs couplings are determined and
cannot be varied within the SM

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.42



Recommendations of the LM subgroup of the
LHC Higgs XS WG for analyses of 2012 data

Scaling of couplings < test of deviations from the SM

Note: acceptances and efficiencies are assumed to be as in
the SM

= This will have an impact on the interpretation in case a
sizable deviation from the SM prediction gets established

= Results obtained from the analysis with scaled couplings
cannot be interpreted as “coupling measurements”

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.43



Recommendations of the LM subgroup of the
LHC Higgs XS WG for analyses of 2012 data

Which kind of scaling factors should be considered?

In general, scale factors are needed for couplings of the new
state to
t, b, W, Z, ...

+ extra loop contribution to o(g9 — H), I'(H — gg)
+ extra loop contribution to I'(H — ~v)
+ additional contributions to total width, 'z,

from undetectable final states

Total width T';; cannot be measured without further
assumptions (otherwise only coupling ratios can be
determined, not absolute values of couplings)

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.44



Proposed “benchmarks” for scale factors K

Different “benchmark” proposals, based on simplifying
assumptions to reduce the number of free parameters

1 parameter: overall coupling strength u

2 parameters: e.g. common scale factor xy for W, Z, and
common scale factor for all fermions, s

For each benchmark (except overall coupling strength) two
versions are proposed:

with and without taking into account the possibility of
additional contributions to the total width

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.45



Proposed “benchmarks” for scale factors K

If additional contributions to I'; are allowed
= Determination of ratios of scaling factors, e.9. xix;/kx

If no additional contributions to I'(H — ~v), 'y, ...are allowed
= K~ Can be determined In terms of xy, ¢, k7, KW
evaluated to NLO QCD accuracy

Example: kv, kr analyses from CMS and ATLAS

CMS Preliminary {s=7TeV,L<51fb' Vs=8TeV,L<122fb"’
|_|_ 2_0 T T T T T T T T T ‘ T T T T T T T T T ‘ T T T T T T T T T ‘ T T T T T T T T T (T 4 T T T | T T T | T T T | T T T | T T T | T T T | T T T |
C ] o ]
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F . 3= . X Best fit
1.6¢ 3 - s =7TeV, [Ldt=4.8 fb —-2InA(k,, KF)<23
1.4f T = Lf is=8Tev.fLdt=5859m7 21N /\(K VKe) <60 ]
1 .2: .." 7 —\ \"‘ — B - \“
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HiggsBounds and HiggsSignals

Programs that use the experimental information on cross
section limits (HiggsBounds) and observed signal strengths
(HiggsSignals) for testing predictions of BSM models

[P. Bechtle, O. Brein, S. Heinemeyer, O. Stal, T. Stefaniak, G. W.,
K. Williams '08, ’12]

HiggsSignals:

ATL-CONF-2012-127

| A ATLAT v, ZZ, WW, 17, b analyses Hlgg=Siguals-0. 4. (hata '4‘-1:

I I I I [
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Example of HiggsSignals application

[P. Bechtle, S. Heinemeyer, O. Stal, T. Stefaniak, G. W. '12]

Signal strength ()

arXiv:1207.7214
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Example of HiggsSignals application

[P. Bechtle, S. Heinemeyer, O. Stal, T. Stefaniak, G. W. '12]

Signal strength (u)

arXiv:1207.7214
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o

MSSM Interpretation of scale factors  «;?

Higgs couplings to up-type and down-type fremions are
different = cannot be described in terms of common xr

Large SUSY contributions can affect relation between
coupling to bb and 77~

Extra contributions to (g9 — H), I'(H — gg), T(H — ~7):

t, 7 X, ...

Extra contribution to total width: 7 — Invisible, ...

Would need a larger number of free parameters than the ones
allowed in the benchmark scenarios

= Benchmark scenarios of this kind are usually

too restrictive to allow an interpretation within a
“realistic” model like the MSSM

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.50



Framework for future analyses of couplings:
ongoing work

# Use “best” SM predictions (as defined by the
LHCHXSWG) + parametrisation of deviations

# Use effective Lagrangian for parametrisation of deviations

— The tools that are used for obtaining the “best” SM
predictions need to be extended to incorporate appropriate
parametrisations of deviations from the SM

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.51



Which effective Lagrangian should be chosen  ?

# Should be sufficiently general so that the results can be
Interpreted in realistic models

s One should not assume from the start that the new
state IS a CP-even scalar

s Consider both changes in the strength and the tensor
structure of the couplings

= Analysis of couplings is directly linked with analyses of
spin and CP properties

# Needs to be practicable so that it can be implemented into
the tools that are used so far for the “best” SM predictions

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.52



Effective Lagrangian from integrating out
heavy particles

Assumption: new physics appears only at a scale
A > My ~ 126 GeV

Systematic approach: expansion in inverse powers of A
AL — Z Od 6 _l_z CL] Od 8

— Higher-dimensional operators, parametrise effects of
tree-level exchange and loop contributions of new heavy
degrees of freedom

— can parametrise deviations from the SM in terms of
coefficients q; (for on-shell matrix elemements some
operators can be eliminated via egns of motion)

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.53



Is this sufficient ?

How about light BSM particles?

Difficult to incorporate in a generic way, need full structure of
particular models

Need to be careful with interpretation of lower bounds on A
(compare with flavour sector): assumption A > M, was put In
from the start in this approach

= Analyses In terms of SM + effective Lagrangian and In
specific BSM models: MSSM, ...are complementary

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.54



Implementation of parametrisations of deviations
from the SM In tools for Higgs phenomenology

Ongoing efforts for HAWK, VBFNLO, Prophecy4f, HDECAY, ...

Example: Impact of anomalous V H H couplings on Higgs pr
spectra in W H and WBF [S. Dittmaier '12]

Anomalous VHH couplings in pr g spectra

W T H (acc. cuts) VBF (with VBF cuts)
o 1 Progll + X E " ' " ; similar VBF results by
VE — 14TV ] [ 1o | 3 pe + 5+ X 3 Hankele, Kldmke,
w2 F Lo T L Ve 1 Zeppenfeld. Figy '06

HAWK

0.0l F 005

L) 300

£ oc HW,, WHY
> o< HW,, W H!

£ = HB,,  B"Y
£ o HB,, B*"

300

0 TOME 1040 k=Tl o W 0l
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Impact of ACs larger in WH production than in VBF |
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How to interpret the observed signal
and what next?

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.56



SM vs. Supersymmetry

Detection of a SM-like Higgs with My 2 135 GeV would have
unambiguously ruled out the MSSM

= Signal at ~ 126 GeV Is well compatible with MSSM
prediction

#® MSSM can accomodate enhancement of BR(H — ~v)
(e.g.: additional particles in the loop, light stau, ...),
suppression of BR(H — 7777), ...

# [nterpretation of the observed signal at ~ 126 GeV IS In
principle possible both in terms of the lightest (1) and In
terms of the next-to-lightest (#) neutral Higgs of the
MSSM!

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.57



SUSY Iinterpretation of the observed signal  ?

Interpretation of the observed signal at ~ 126 GeV In terms of
the light MSSM CP-even Higgs A

Observed signal at ~ 126 GeV implies lower bound on M,

— Set parameters entering via higher-order corrections such
that A, Is maximised (m"®* benchmark scenario)

= Lower bounds on My, tan 3

Search limits from LEP and from LHC (H, A — 777~ search)
taken into account:
HiggsBounds

[P. Bechtle, O. Brein, S. Heinemeyer, O. Stal, T. Stefaniak, G. W.,
K. Williams '08, '12]
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HiggsBounds: determination of 95% C.L.
exclusion region from given cross section limits

[P. Bechtle, O. Brein, S. Heinemeyer, O. Stal, T. Stefaniak, G. W.,
K. Williams '08, '12]

In order to obtain an exclusion limit having the correct
statistical interpretation as a 95% C.L.:

o On the basis of the expected search limits for different
channels in a given model one needs to determine for
every parameter point the search channel having the
highest statistical sensitivity for setting an exclusion limit

o For this single channel only one needs to compare the
observed limit with the theory prediction for the Higgs
production cross section times decay branching ratio to
determine whether or not the considered parameter point
of the model is excluded at 95% C.L.

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.59



Lower bounds on M, and tan § from interpreting
signal at ~ 126 GeV as light MSSM Higgs boson A

Red: LHC limits from H, A — 7+t7— search; Blue: LEP limits

compatible with interpreting signal at 126 GeV as light

MSSM Higgs h (+ my varlatlon) [s Heinemeyer, O, Stal G.W.’11, '12]

100 150 200 250 300 350 400 450 500
= tan 3 = 4, Ma = 140 GeV, My = 160 GeV
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Analysis In - m;"** benchmark scenario

The mp'** scenario

EMSUSY =1TeV, |X:| =2 TeV, p = 200 GeV, M; = 100 GeV, M, = 200 GeV, M3 = 1200 GeV)

@ Run HiggsSignals with peak-centered y? method, Ami" = Amil' = 2 GeV.

FeynHiggs—2.9.2 + HS-1.0.0 2
20 T l:rll T7T _|q| T T =
H — 40

- 38
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&

14

12 B

tanp

10 | § i My =129Gev

2 IIIIIIIIIIIIIIII.IIII-:-_Id:'IIIIIIIIIIIIIIIIIIIIlIIIIIIIII

100 200 300 400 500 600
m [GeV]

@ Large ma and tan 3 > 4 favored (decoupling limit).
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Analysis in  m*** benchmark scenario

The m}'** scenario

(Mgusy = 1 TeV, |X¢| =2 TeV, g = 200 GeV, M; = 100 GeV, M, = 200 GeV, M3 = 1200 GeV)

@ Run HiggsBounds to obtain 95% C.L. exclusion limits from LEP and LHC

(no theory
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mass uncertainty yet).
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@ CMS limits: H/A — 77 (pre-ICHEP2012), SM H — ZZ*) s 4¢ and SM
combined (HCP2012).
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Analysis In - m;"** benchmark scenario

The my'*** scenario

{Mquﬂ =1 TeV, |X¢| =2 TeV, u = 200 GeV, M; = 100 GeV, M, = 200 GeV, My = 1200 GeV)

@ Find best-fit point and CL contour regions.

~Tocomon ] 2

20 contour

tanp

2 I | N T T R T T T I | I | N T N T T T | -| 1 I | N TR N Y O T T A | I | T R R T T T I | I | N T T T I |
100 200 300 400 500
my [GeV]

@ minimal x?/ndf = 22.4/35 at (ma,tan3) = (525.0 GeV,5.3).
@ HiggsBounds excludes part of the 68% C.L. region with m, = 128 GeV!?

600
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Analysis In - m;"** benchmark scenario
The m™* scenario

(Msusy =1 TeV, |X¢| =2 TeV, u = 200 GeV, My = 100 GeV, My = 200 GeV, M3 = 1200 GeV)
© Take into account Amt?

— Amj;' =2 GeV in HiggsBounds

Ay
1 contour

20 contour

tanp

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIlll:-.llIIIIIII.|IIIIIIIII
100 200 300

400

500 600
my [GeV]
@ Exclusion in large m4 region vanishes (now, my < 130 GeV is allowed)
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Lower bound on the lightest stop mass from
assumed Higgs signal at ~ 126 GeV

My, tan 3 chosen in decoupling region: My =1 TeV, tan 8 = 20
[S. Heinemeyer, O. Stal, G. W. '11, '12]

0.4

Co-lllllllllll

II—2IIII—1IIIIOIIII1IIII2III
X/ Msusy

= mg, > 150 (300) GeV for positive (negative) X;
= My ~ 126 GeV Is compatible with a light Stop!
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Interpretation of the observed signal at ~ 126 GeV

In terms of the heavy MSSM CP-even Higgs H

Scan over My, tan 3, Mgyusy, Xi
20

[S. Heinemeyer, O. Stal, G. W. '11]

90 100 110 120 130 140 150

MA (GeV)

= possible for low M, moderate tan 3
(in yellow region: v~ rate compatible with LHC results
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MSSM fit (pre HCP): comparison of with
MSSM interpretation in terms of  light Higgs &

[P. Bechtle, S. Heinemeyer, O. Stal, T. Stefaniak, G. W., L. Zeune "12]
o HC / TeV. data, W full fit, [J without TeV., ¢ without low. en. obs.
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= x* reduced compared to SM case, better fit probability

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.67



with

heavy Higgs H

comparison of

MSSM fit (pre HCP)
MSSM interpretation In terms of

[P. Bechtle, S. Heinemeyer, O. Stal, T. Stefaniak, G. W., L. Zeune "12]

o HC / TeV. data, B full fit, ] without TeV., ¢ without low. en. obs.
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= Viable description of data (lower fit quality than MSSM—h)



MSSM interpretation in terms of  light Higgs hA:
Rates In different channels normalised to the SM

Rate modifiers

All points: 121 < M, < 129 GeV

2 Allowed by HiggsBounds =Z
B A <230
Ax? < 5.99
2 2 2
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MSSM interpretation in terms of  light Higgs A:
enhancement of ~~ partial width from light staus

[P. Bechtle, S. Heinemeyer, O. Stl, T. Stefaniak, G. W., L. Zeune '12]
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wn
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= Light staus can lead to significant enhancement
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MSSM interpretation in terms of  light Higgs A:
preferred values for stop masses

[P. Bechtle, S. Heinemeyer, O. Stal, T. Stefaniak, G. W., L. Zeune '12]
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1

= M, ~ 126 GeV requires large stop mixing,
but stop masses can still be light
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Preferred region in  (My, tan 3) plane for interpretation of

observed signal in terms of A (left), H (right), pre HCP

251

20

tan B

.
§15.

10F

5.

200 400 600 800 1000 700 120 140 160 180 200
M, (GeV) M, (GeV)
= Effect of limit from H, A — 7*7— searches weaker than in
the m}"** scenario

= Need cross section limits from CMS to assess impact
of latest HCP results
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MSSM interpretation in terms of heavy Higgs H-:
preferred values for Mg+ and BR(t — H™b)

[P. Bechtle, S. Heinemeyer, O. Stél, T. Stefaniak, G. W., L. Zeune '12]
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= MSSM Iinterpretation in terms of heavy Higgs H can
be probed by charged Higgs searches
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Where do we stand and what next 2

What we know so far about the new state at ~ 126 GeV still
leaves open many possible interpretations

#» Many models of physics beyond the SM have a SM-like
Higgs over large parts of their parameter space

# Does the new state have the right properties to unitarize
W Wy, scattering?

# Fundamental or composite?
= Need high-precision measurements of the couplings
and the total width
Higgs self-coupling < experimental access to Higgs potential

= Strong case for an ete~ Linear Collider: “Higgs factory”
Decay-mode independent measurement; “recoil” against 7
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LC: high-precision measurements of
Higgs properties

“Recoil” method: ete™ — ZH, Z — eTe™, uT ™ [R. Poeschl et al. '12]

< 140 p—T—————————————
S 100 F ZH — ptp~ X

— . —«— Sig+Bkg

£ 100 | —— Sig

- -

2 soF — Fit to Sig+Bkg
H S Fit to Bkg

|IIIIIIlIIIIllIIIIIIJIIIIII

Measurement of mass, couplings, CP properties,
self-coupling, ...+ high sensitivity to additional Higgses

= ldentification of the underlying nature of electroweak
symmetry breaking
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The mechanism of electroweak
symmetry breaking

It seems very likely that the state observed at ~ 126 GeV IS
directly related to the physics of electroweak symmetry
breaking
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The mechanism of electroweak
symmetry breaking

It seems very likely that the state observed at ~ 126 GeV IS
directly related to the physics of electroweak symmetry
breaking

Other possibilities? Dilaton? ...
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The mechanism of electroweak
symmetry breaking

It seems very likely that the state observed at ~ 126 GeV IS
directly related to the physics of electroweak symmetry
breaking

Other possibilities? Dilaton? ...

One would expect to see other signatures of the EWSB
dynamics in such a case soon ...

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.76



What else ? Fundamental or composite 7

# Radion

o Composite “pseudo-Goldstone boson”, like the pion In
QCD = Would imply new kind of strong interaction

Relation to weakly-coupled 5-dimensional model
(AdS/CFT correspondence)

Discrimination from fundamental scalar

s Precision measurements of couplings (= high
sensitivity to compositeness scale), CP properties, ...

o Search for resonances
(light Higgs < light resonances?)

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.77



The quest for identifying the underlying physics

Discrimination between different kinds of underlying physics
via precision measurements of Higgs couplings

o o _—F,,—c_’EA.,i_W_Z_H—_ , "E"..“'."—T-e—{f}—w“z—'H—
ol - !
s b —- 2 E £20% .
(0 cosa/sinf 1 --
£ I g Hiaas/Radion mixing ™~ T
Eol { ¢ [Higgs/Radion mixing T
§ o E """"""""""""""""""" s I AR, S -
3 A0 shjef ' | i
’ _ "W .
i [stolasp——g T T
” x Model Independent Analyses 1 | g — 11- P
| 2HDM/MSSH { 8

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.78



Higgs searches after the discovery

Extended Higgs sectors with a (more or less) SM-like Higgs at
~ 126 GeV predict further Higgs states that may be heavier but
also lighter than the state at ~ 126 GeV

Example: interpretation of the signal in terms of the
second-lightest neutral SUSY Higgs would imply at least one
additional non-SM like light Higgs, may have mass below the
LEP limit of My,,, > 114.4 GeV (with reduced couplings to
gauge bosons, in agreement with LEP bounds)

= Observation of a SM-like signal at ~ 126 GeV provides a
strong motivation to look for non SM-Ilike Higgses
elsewhere

— The best way of experimentally proving that the observed
state is not the SM Higgs is to find in addition (at least one)
non-SM like Higgs!
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Search for a light non-standard Higgs

o Extend searches (e.g. H — v, bbH, H — bb, ...) to the
region below 100 GeV

# In case of SUSY, such a light Higgs could be produced In
a SUSY cascade, e.g. vy — x}h

= Could get a signal for SUSY + non-standard Higgs
at once

Higgs & SUSY, Georg Weiglein, Dine—Haber Symposium, UCSC, 01 / 2013 — p.80



Conclusions

# The spectacular discovery of a Higgs-like state at

~ 126 GeV has been the culmination of an almost 50 year
long effort

= Start of a new era of particle physics
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Conclusions

# The spectacular discovery of a Higgs-like state at
~ 126 GeV has been the culmination of an almost 50 year
long effort

= Start of a new era of particle physics

o The progress on probing the properties of the new state
has been amazing; we are looking forward to the LHC
results in the coming years

Determination of the underlying physics will require

comprehensive high-precision information on the new
state

= Strong case for an e*e~ Linear Collider “Higgs factory”
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Conclusions

# The spectacular discovery of a Higgs-like state at
~ 126 GeV has been the culmination of an almost 50 year
long effort

= Start of a new era of particle physics

o The progress on probing the properties of the new state
has been amazing; we are looking forward to the LHC
results in the coming years

Determination of the underlying physics will require

comprehensive high-precision information on the new
state

= Strong case for an e*e~ Linear Collider “Higgs factory”
» No convincing sign of BSM physics yet, many limits . ..
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Conclusions

# The spectacular discovery of a Higgs-like state at

~ 126 GeV has been the culmination of an almost 50 year
long effort

= Start of a new era of particle physics

o The progress on probing the properties of the new state
has been amazing; we are looking forward to the LHC
results in the coming years

Determination of the underlying physics will require

comprehensive high-precision information on the new
state

= Strong case for an e*e~ Linear Collider “Higgs factory”

# No convincing sign of BSM physics yet, many limits . ..
But SUSY and other BSM scenarios haven’t been as
much cornered as one might think
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Conclusions

f

= The prospects are bright
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Conclusions

= The prospects are bright, both for Higgs and SUSY
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Happy Birthday,

Michael and Howie!
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