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THE BOSON WHICH MUST NOT BE NAMED

Energy Energy

» Short-hand: Higgs boson \l/ \ i

» Breaks the electroweak cuciamapic N/ | N0/ Mgt
Symmetry

» Four different production
modes at hadron colliders:

- gq Fusion " usion B “*H \I§= 7TeV -

o x BR [pb]

Ry £ : = ; :
@ & = O, gluon fusion
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GGS SEARCH CHANNELS

ATLAS search channels and mass ranges vs. CMS search channels and mass ranges

Channel
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4.8
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W/Z + jets, tt, VVV

4.6

20 %

H - 72Z%) s pivy

200 — 600

250 — 600

VV.t, 7 + jets

4.7

4.6

7%

H — ZZ%) — 055

200 — 600

130 — 164, 200 — 600

7 +jets, tt, VV

4.7

4.6

H—WW — lvjj

300 — 600

W + jets, tt, multijets

4.7

H—ZZ = 0t

190 — 600

W/Z + jets, tt, multijets

4.7

lest signal strength |, — o/osum by profile likelihood ratio

Exclusion limits using on u at 95 % confidence level with the C'Ls method
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HIGGS SEARCHES IN ATLAS

 largest excess in H — vy at 1265 GeV Selected dpholon sample

. Data 2011
5 % ——— Bachground model
Local significance: 2.8 O (1.5 0 with Look- SM Higgs boson m, = 120 GaV (UC)

Elsewhere Effect) ot R [P




HIGGS SEARCHES IN ATLAS oo

 largest excess in H — vy at 1265 GeV

— Observed CL_ limit
— Expected CL, limit H-—1yy
B ATLAS

+ 20 Data 2011, \s =7 TeV

ILdt -49f"

Local significance: 2.8 0 (1.5 O with Look-
Elsewhere Effect)

95% CL limit on O‘/G‘SM

“ — Lvlv inconclusive (no real excess)
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HIGGS SEARCHES IN ATLAS oo

 largest excess in H — vy at 1265 GeV

— Observed CL, limit
— Expected CL, limit H-—1yy
Bt ATLAS
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HIGGS SEARCHES IN CMS  worismonono mn

* largest excess in H — v at roughly 125 GeV

SM
ESy

T e Observed CLs Limit ; 5 ;
T essesees Median Expected CLs Limit C . preillmlnaryi .
.._ [ + 1o Expected CLs ---;ﬁur7--T9V~L-¢ 4;-':16-‘!----"

o
=

Local significance: 2.9 0 (1.6 0 with Look-
Elsewhere Effect)

: [ +2c ExpectedClLs
%; ----- Median Expected (HIG-11-033)

o JoH=>T7Y)

U

e Like ATLAS: nothing from H — bb, H — 7T
H—-WW — tvlv,H — ZZ — llvv, llqq

* Excess in golden channel: H — ZZ — 0000
@ |19.5 GeV, local signif.. 2.5 o (1.0-1.6 o LEE)

Combined exclusion limit:
95% CL: 127.5-600 GeV (end 201 1: 127-600 GeV)
99% CL:  129-525 GeV
allowed mass range: |114.4 - 127.5 GeV (95% CL)
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HIGGS SEARCHES IN CMS  worismonono mn

Exclusion

* largest excess in H — v at roughly 125 GeV

Local significance: 2.9 0 (1.6 0 with Look-
Elsewhere Effect)

e Like ATLAS: nothing from H — bb, H — 7T
H—-WW — tvlv,H — ZZ — llvv, llqq

* Excess in golden channel: H — ZZ — 0000
@ |19.5 GeV, local signif.. 2.5 o (1.0-1.6 o LEE)

I0(H—= ££ — 41)

95% CL

my [GeV/ic?] ;

—_—
TT1

- | =0Observed i
: == =Expected + 10
reeeemeee-| R tm*zo_
T N B . T

400 500 600

olH— ££ — 4l)

Combined exclusion limit:

95% CL: 127.5-600 GeV (end 201 1: 127-600 GeV) | mu[GeV/c?]

99% CL:  129-525 GeV
allowed mass range: |114.4 - 127.5 GeV (95% CL)
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HIGGS SEARCHES IN CMS  worismonono mn

ik Exclus!on

* largest excess in H — v at roughly 125 GeV

SM

-l
o

Local significance: 2.9 0 (1.6 0 with Look-
Elsewhere Effect)

e Like ATLAS: nothing from H — bb, H — 7T
H—-WW — tvlv,H — ZZ — llvv, llqq

* Excess in golden channel: H — ZZ — 0000
@ |19.5 GeV, local signif.. 2.5 o (1.0-1.6 o LEE)

I0(H—= ££ — 41)

95% CL

my [GeV/ic?] ;

—

) N Cered < 10
Combined exclusion Iimito T (R S SO A ek M T G I I Y T O T el “1' '-'Tl.lEx"”ic'teIdltlzlol-
95% CL: 127.5-600 GeV (end 201 1: 127-600 GeV) ™./
99% CL:  129-525 GeV

allowed mass range: |114.4 - 127.5 GeV (95% CL)

olH— ££ — 4l)

:' L R R R

- CMS Preliminary —s— Observed

- Ns=7TeV m Expected (68%)
L=4.6-4.81b" Expected (95%)

CL, of SM Higgs hypothesis

200 300 400
B Higgs boson mass (GeV)
00 ..
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HIGGS SEARCHES IN CMS  worismonono mn

ik Exclus!on -

* largest excess in H — v at roughly 125 GeV

SM

—

Local significance: 2.9 0 (1.6 0 with Look-
Elsewhere Effect)

e Like ATLAS: nothing from H — bb, H — 7T
H—-WW — tvlv,H — ZZ — llvv, llqq

* Excess in golden channel: H — ZZ — 000/
@ |19.5 GeV, local signif.. 2.5 o (1.0-1.6 o LEE)

10(H—=> ££ — 41)

95% CL

my [GeV/ic?] E

—

iy +Obsewéd i
-Expected +10

Expectedeo

400 500 600

mu [GeV/c?]

olH— ££ — 4l)

Combined exclusion limit:
95% CL: 127.5-600 GeV (end 201 |: 127-600 GeV)
99% CL:  129-525 GeV
allowed mass range: |114.4 - 127.5 GeV (95% CL)

Local significance: 2.8 0 (0.8 0/ 2.1 O with LEE)

- CMS Prellmlnary —=— Observed
- Ns=7Tev B Expected (68%)
L=4.6-4.81fb" Expected (95%)

CL of SM Higgs hypothesis

110 115 120 125 130 135 140 145
«® Higgs boson mass (GeV)
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HIGGS SEARCHES IN CMS o evonono e

* largest excess in H — v at roughly 125 GeV

Local significance: 2.9 0 (1.6 0 with Look-
Elsewhere Effect)

e Like ATLAS: nothing from H — bb, H — 7T
H—-WW — tvlv,H — ZZ — llvv, llqq

* Excess in golden channel: H — ZZ — 000/
@ |19.5 GeV, local signif.. 2.5 o (1.0-1.6 o LEE)

SM

-l
o

fo(H—= — 4|
95% CL { “L )

olH— ££ — 4l)

Combined exclusion limit:
95% CL: 127.5-600 GeV (end 201 1: 127-600 GeV)

99% CL:

129-525 GeV

allowed mass range: |114.4 - 127.5 GeV (95% CL)
Local significance: 2.8 0 (0.8 0/ 2.1 O with LEE)

.9
Ps%/ J.RReuter

m, = 125 GeV CMS Preliminary

Bl Combined (68%) \s=7 TeV

- 4.6-4. ¢
- Single channel L 6485

' e |

105005115225335-1

Best fit o/, pos and BSM

ik Exclus!on e

my [GeV/ic?] E

R oy B B B )

- | ==—0Observed
-Expectedilo
ExpectedzZo

400 500 600
mu [GeV/c?]

- TT T T [T T T T [T T T T[T TT1T7T1]
- CMS Prellmlnary —=— QObserved

- Ns=7Tev == Expected (68%)
L=4.6-4.81fb" Expected (95%)

110 115 120 125 130 135 140 145
Higgs boson mass (GeV)
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HIGGS SEARCHES IN CMS

* largest excess in H — v at roughly 125 GeV

- M

Local significance: 2.9 0 (1.6 0 with Look-
Elsewhere Effect)

e Like ATLAS: nothing from H — bb, H — 7T
H—-WW — tvlv,H — ZZ — llvv, llqq

* Excess in golden channel: H — ZZ — 000/
@ |19.5 GeV, local signif.. 2.5 o (1.0-1.6 o LEE)

fo(H—= — 4|
95% CL { “L )

olH— ££ — 4l)

Combined exclusion limit:
95% CL: 127.5-600 GeV (end 201 1: 127-600 GeV)
99% CL:  129-525 GeV
allowed mass range: |114.4 - 127.5 GeV (95% CL)

Local significance: 2.8 0 (0.8 0/ 2.1 O with LEE)

m,, = 113.5 GeV | CMS Preliminary

B Combined (68%) \&=7ToV

=4648 '
~&@~ Single channel o

TP
DESY 'JRRGUJEGI” 2o 0T B fitolc,,, sos and BSM
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Tevatron (pp @ 1.96 TeV)

TEVATRON STRIKES BACK

* [wo major search channels: H — bb and H = WW

—

10t E
pp—tiH

1 T | 1 1 |
olpp - H +X) [pb|
V2 = 1.96 TeV
NSTW2008
me = 173.1 GeV

Branching ratio

e

Exctuded by LEP

o,

Events produced at Tevatronin 1fb
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February 27, 2012
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95% CL Limit onc / o,

Implications on Higgs and BSM

D@ excl. 159 < M(H) <

£10720 130 140 150 160 170

180
Higgs mass (GeV)

|66 GeV

- DO Preliminary, L <9.7 fb”
SM Higgs Combination

—
o

1 UIIYYII

]

«—— LEP Exclusion

DO Exclusion—___

— Qbserved
=== Expected
[ Expected +1 s.d.
[ ] Expected +2 s.d.

100 110 120 130 140 150 160 170 180 190 200
Higgs Boson Mass (GeV/c?)
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TEVATRON STRIKES BACK

e [wo major search channels: H — bb and H = WW

Tevatron (pp @ 1.96 TeV)
> 8 o(pp — H + X) [pb]

Ve 196 TeV
NSTW2008
m = 173.1 GeV

1

Events produced at Tevatron in 1 fb'
» 70

T 6ol
o 60.
m 50}
40{ ‘ ‘ =
30. ‘ : ' -—W”—°|‘fbb

—— ZH —» wob
20 : : : e ZH =3 TDD

Branching ratio

10: e H — WW — VYV

P pp—tiH +

Fxchsded by LEP

14 120 _.'Il\iullf(:c\.‘;'ﬂ 162 0 1 ! 2 100 120 140 nggs mass (GeV)

J myy (GeV/c?)

Tevatron Run Il Preliminary, L < 10 fb™'
| o et ot | 'II!IIII’IY[Y!Y'I'!'Y" ot A |

e
. xpected : i : :

o'bp,,m.d | Tevatron i !

. HoExpected i “Emm"*‘:

Tevatron combination

AR R A e

4P Expected- - s

* Full dataset 10/fb in almost all channels
* Combined exclusion: 100 - 106 GeV
147 - 179 GeV (95% CL)
*  Broad excess in region |15 - 135 GeV
2.7 O local (2.2 O local)
driven by H » bb (2.8 0 global / 2.6 local)

95% CL Limit/SM

G i i | I reerey 37,012
100 110 120 130 140 150 160 170 180 190 200
m,, (GeVic?)
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TEVATRON STRIKES BACK

e [wo major search channels: H — bb and H = WW

Tevo'rron (pp @ 1.96 TeV)

ol pp —~H + ) pb
VE - 1.96 T«\
NMSTW2005
m = 173.1 GeV

1

Events produced at Tevatron in 1 fb'
» 70

T 6ol
o 60.
m 50}
40{ ‘ ‘ =
30. ‘ : ' -—W”—°|‘fbb

—— ZH —» wob
20 : : : e ZH =3 TDD

Branching ratio

10: e H — WW — VYV

Fxchsded by LEP

130 140 150 160 17D 180 190 200 140 ; :
My [GeV)| m,, GeV/c) Higgs mass (GeV)

Tevatron Run ll Preliminary, L < 10 fo’

Tevatron combination

Y
o

* Full dataset 10/fb in almost all channels
* Combined exclusion: 100 - 106 GeV
147 - 179 GeV (95% CL)
*  Broad excess in region |15 - 135 GeV
2.7 O local (2.2 O local)
driven by H » bb (2.8 0 global / 2.6 local)

95% CL Limit/SM

100 110 720 130 140 150 160 14}0 180 190 200,
8 mH(GeV/c)

20 .
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COMBINATION AND INTERPRETATION

Bl@eciregion for SM Higgs boson: | 17.5-118.5 or 1225-127.5 GeV (95% CL)
B icd exclusion roughly: 120 - 555 GeV (ATLAS) | 14.5-543 GeV (CMS)

What did we expect! ...... Well, exactly what we see! Don't we! wems

Aa

Inofficial combination of two (and even four) experiments | WY sl
2 '... —(?02/ 5010.00033

0.0274940.00010
viXra unoflicial ATLAS+CMS combination - March 2012 2 data

—

95% CL limit on o/o™

JLep ©  LHC
excluded . g excluded

0 i
40 200
m,, [GeV]

0.1 —
120 150 200 300 400 500 600
Higgs boson mass GeVic*

+ Hints do not come from H =YY alone, but also H »bb and H =22~ Il : [ blog.vixra.org]

L]

s < p P n M dhe o] . "N
viXra global Higgs combination, diphoton channel - Mar 2012 viXra global Higgs combination, bb + ZZ channels - Mar 2012
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COMBINATION AND INTERPRETATION

+ Tevatron shifts the excess a teeny brt upwards:
3

Very compelling picture:
All (?) looks like SM Higgs

viXra unofficial ATLAS+CMS combined Higgs signal plot
March 2012

—

95% CL limit on o/o®™

LHC

N

LHC +
Tevatron

95%, CL limit on o/o*¥

01

Philip Gibbs

110 120 130 140
Higgs boson mass GeV/c*

* BEWARE: STILL COMPATIBLE
WITH BACKGROUND

J R.Reuter Implications on Higgs and BSM

130

120
Higgs boson mass GeV/c”
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COMBINATION AND INTERPRETATION

+ Tevatron shifts the excess a teeny bit upwards:
3

Very compelling picture:
All (?) looks like SM Higgs

viXra unofficial ATLAS+CMS combined Higgs signal plot
March 2012

95% CL limit on o/o®™

LHC

LHC +
Tevatron

95%, CL limit on o/o*¥

Philip Gibbs

120 130 140
Higgs boson mass GeV/c*

* BEWARE: STILL COMPATIBLE
WITH BACKGROUND

* 2012 decisive year
(and 8 TeV might be helpful)

J R.Reuter Implications on Higgs and BSM
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N

Significance of Observation (o)

e CMSPrelummary Oct2010 — 2 @7 TeV

—
E=N (o)) o o
P ) D P RNRUR FTLENL AU o )

N
——T—

| jgeCtéd Sighiﬁcance of Obsen;/ationi

— 1 @7 ToV

. —5RI@TTev |
S ._1‘)& @71\/. )

o

200 300 400 500
Higgs mass, m_ [GeV/c?]
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BEYOND THE STANDARD
MODEL

4

-

The Quest for the known and unknown Unknowns . ..

Implications on Higgs and BSM AIDA Meeting Z&SRiEaR



THE STANDARD MODEL - DOUBTS

w0 o @ escribes microcosm (too goody?)
e * )8 free parameters

41540 £0.037  41.478

20.767 £0.025  20.742

0.01714 = 0.00095 0.01645
0.1465=0.0032  0.1481

0.21629 = 0.00066 0.21579
0.1721£0.0030  0.1723

0.0992 = 0.0016  0.1038

0.0707 = 0.0035  0.0742 Vi —eieVyeV3 Ceo A

0.923 = 0.020 0.935

0.670 = 0.027 0.668

A(SLD) 0.1513 = 0.0021  0.1481
sin“0P'(Q,,) 0.2324 =0.0012  0.2314

eff
My [GeV] 80.385 £ 0.015 80.377

fermion masses

U -e Ce te

(RS || L L1 L |
ueV meV eV keV MeV GeV

e * Form of the Higgs potential!

March 2012

HIERARCHY PROBLEM CE T

* chiral symmetry:
* No symmetry for guantum corrections
to the Higgs mass: S -

———

lllllllllllll

OMjy o< A* ~ Mpianac = (10™°)" GeV* L

20000 GeV2 = ( 1000000000000000000000000000000020000 — 109 1012 1016 1018

1000000000000000000000000000000000000 ) GeV?2 A (GEV)
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Unification of all Interactions
Baryon asymmetry AN — ANz ~ 1079

(missing CP violation) 5
Standard Model

Flavor (three generations)

| | - v? 1 (GeV)
Ny NEUTNNO Masses: m, ~ 5 prere s e

" Opti IL.')’m'M;:n't(zr X.ra.iy G{as.’ ',b:.

Dark Matter o e

» ’
L

*  stable particle

weakly interacting
o mppr ~~ 100 GeV

Quantum Theory of Gravity
Cosmic Inflation

Cosmological Constant

0 9.
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IDEAS FOR NEW PHYSICS (SINCE [970)

(1) SYMMETRY FOR ELIMINATION OF QUANTUM
CORRECTIONS

- SUPERSYMMETRY: Spin-statisticc — = Corrections of particles of like statistics
cancel each other
- LITTLE HIGGS/TWIN HIGGS: Global symmetries —— Corrections of particles

of like statistics cancel each other

(2) NEW BUILDING BLOCKS, NEW SUBSTRUCTURE

- TECHNICOLOR/TOPCOLOR/SILH: Higgs a bound state of new strongly interacting
particles (with new strong interactions)

(4) NON-TRIVIAL SPACETIME ELIMINATES HIERARCHY

- ADDITIONAL SPACE DIMENSIONS: Gravity appears only weak
- WARPED SPACE DIMENSIONS: Geometric interpretation of hierarchy
- NON-COMMUTATIVE SPACE-TIME: Space-Time coarse-grained

(5) IGNORING THE HIERARCHY  essancesrumie
- THE A-WORD PRINCIPLE: Values are the way they are, because we (can) observe them!

Implications on Higgs and BSM AIDA Meeting 28.3.2012



HOW DOES A SIGNAL LOOK
LIKE? e

Implications on Higgs and BSM AIDA Meeting 28.3.2012



HOW DOES A SIGNAL LOOK
LIKE? e

Cornell T('F)

March, 21 2012
6o (MC4BSM 2012)

T =655 (9 O)

303...'........ ... .0...‘ .o-.. .. .°..°. .o.‘..”. . <_ March average
i : ' 1 = 32

20

10 -

Year: 1961 + x
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TAXONOMY OF SEARCHES

Looking for decay products of heavy new particles = usually high p jets, hard leptons

Production: mainly strongly interacting particles
Weakly interacting stuff (almost) only in decays

Dark Matter < Discrete Parity (name it the way you like: R T, KK)

X Pair production of new particles (Phase space price tag)
*  Shorter or longer decay chains

* Dark Matter = Missing energy (MET) in the detector

Different models lead to identical exclusive chains:

Crucial experimental steps:

| In the high-energy tails find a deviation from SM
2. Mass determination of new physics (a.k.a. Edges)
3. Sp|n determination of new physics (alk.a. +Universal extra dimension, little HIggS with T-parify

angular correlations) ol

' ' i, 0035 -
4. ldentify new physics model il | 2
= 0025 fophi LT
2 on
~ :
T 0015 -
y S o001 _ susy
- ,«,me ] 0.005 B
.,.o‘t )

/"_'\ R R SR SV 2. ™ 0 108060402 0 02040608 1
BN 2

m(ll) (GeV) cos 0

\~e*/ ]RReuter Implications on Higgs and BSM AIDA Meeting 28.3.2012

4th generation SUSY technicolor

Events/1 GeV/100 b




TAXONOMY OF SEARCHES

Looking for decay products of heavy new particles = usually high p jets, hard leptons

Production: mainly strongly interacting particles
Weakly interacting stuff (almost) only in decays

¢
Dark Matter < Discrete Parity (name it the way you like: R/ T, KK) g QL//_/

-

X Pair production of new particles (Phase space price tag)
*  Shorter or longer decay chains

* Dark Matter = Missing energy (MET) in the detector

Different models lead to identical exclusive chains:

Crucial experimental steps:

In theckgp—energy tails find a deviation from SM ; d A
Mass deté@ina‘tion of new physics (a.k.a. Edges) (Ll geasiyion SUSY ECIBEONr

Spin determ%gion of new physics (a.k.a. +Universal extra dimension, little Higgs with T-parity
(& :

angular corre%ons) oo

|dentify new physic&®godel Som
Y phy \?@0/. : | A -

< 0.025 _ P [
@ 3

g 002
> r
= 0015 -
~ L

< 001 - — SUSY

; ~ UED
0.005 - . PS

0-1 -0.8-0.6-0.4-0.2 0 (;.2 040608 1
cos 0
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MAXIMUM BIAS: SUSY SEARCHES

: : . 10§
» Production dominated for squarks and gluinos ' o_(pb}: pp — SUSY \\\ PR
» Decays and signatures are very model-dependent N \
3 N s epton

» Dominant experimental signatures:

MET, hadronic stuff (HT), (multi-) leptons, photons, | \
heavy flavors L/ A |

Procedure: Simplified Model for Limit setting,
new variables for discrimination (&, razor, M1;)

| photon + MET: GGMSB search

e i 100 200 300 400 500 600 700 800 900
G-OImo!xu:‘w'

iy m___ |[GeV
m. = 375 GoV CMS Razor analysis: sversge [GEV]

__WOmm Balance of visible and missing momentum

: %0 (theory) Multi-Jet searches:
— — Expected CMS Preliminary Vi=7TeV fl. di=44M

=< o (onper) o 1000 g MET// HT > 3.5 discriminator

L)) arifis X3 X .
S
e

R A rer;;OT”(rr_rr?TTxJ) .
. ata Vs=7TeV) 3
Ldt~

1
13410 Total SM Prediction
[ CCD+tf- og (Template) =
ATLAS [0 Alpges 1i— qLe
B Apger W {aasiv
B Aoges 2wy 1
SUSY Point (1220,130) 1

Signal Region
27 jets p_> 55 GeV

]

800 (= 1R2GeV, Razor Inclusive
- L Hybnd CLs 95% C.L. Limits
T T | 700@ — — Median Expected Limit
1000 1500 2000 600 — Expected Limit =10

mg [GeV] o '-.__' . w— Obscrved Limit

500
400

Events / Q_.‘2S GeV'?
q

S

U
Al '.I T JIRARLL BRI Bl i
b = .
" i
rauad i wal i aual saual siaual i
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MAXIMUM BIAS: SUSY SEARCHES

10 f

» Production dominated for squarks and gluinos o (pb] ppasm PR
» Decays and signatures are very model-dependent | \
» Dominant experimental signatures:
MET, hadronic stuff (HT), (multi-) leptons, photons,
heavy flavors

Prospino2.1

Procedure: Simplified Model for Limit setting,
new variables for discrimination (&, razor, M1;)

100 200 300 400 500 600 7()() 300 900
[(JL\ ]

J"f

Same-Sign Dilepton Searches:

Nt

xz

| |

CMSPrehmmary L =47fb \s=7TeV S R —>'VX “X

-—A

'll"'l L Il

det-mub 57 TeV

ur Ple |c

L =0GeV
p>0 >
= - 1722 GeV -
> ——— Observed Limit (NLO+NLL)

Expectod Limit INLO+NLL)
- NLO Obs. Limit (L =35 pb")

- Observed 95% CL
-« Expected
« Expectedt 1¢ A

ATLAS .
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| SRR I I | I

Cross Section Excluded at 95% CL [pb])
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BRSO vs. SUSY WA PREJULDIGEE

CMS Preliminary
700 —

_ Vs=7TeV, JLot ~1 fo! GMSB: Mngas=250 TeV, Ny=3, 10, Cypay=1
— 2011 Limits B COF 2,7, tanp=5, <o ATLAS Preliminary 2
----2010 Limits DO 3,7, tanf=3,u<0_] (o7 TV

tanf = 10, A =0, u>0 [ LEP2 %

[ Jiere T
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SUMMARY SUSY SEARCHES

ATLAS SUSY Searches” - 95% CL Lower Limits (Status: Dec. 2011)

MSUGRA/CMSSM : 0ep +'s + E,
MSUGRA/CMSSM : 14ep + rs+s,: i3 m
MSUGRA/CMSSM : muttijets + E; ..
Simpl. mod. : 04ep + s + E; . I Lat=(0.03-2.0) fb”
Simpl. mod. : 0lep +j's + E; ., qmass (m(g) <2 TeV, liyn'i?) fs=7TeV
Simpl. mod. : 0dep +j's + E; .. gmass (m(q) <2 TeV. Iig\ti‘:)
Simpl. mod. : 04ep + 'S + Er s Gmass (m(g) <2 TeV.m(x,) <200 GeV)
Simpl. mod. : 04ep + 'S + E s Gmass (m(d) <2 TeV,m(i,) <200 GeV)
Simpl. mod. @ q°) - 1-1ep +J's + E g gmass (m(Y;) <200 GeV.Am(i % ) / Am@.%") > 1/2)
Simpl. mod. : 0-lep + b-jets +j's + E ., gmass (m(b) <600 GeV. light,)
Simpl. mod. §—T%,) : 14ep + bets + 'S + Er g Gmass (m(z)) <80 GeV)
Simpl. mod. (51—>bzf) -2 bjets + By, b mass (m(i,) < 60 GeV)
Simpl. mod. (ifi:—i?;li‘:):zlep S8+ Ey oy, i mass (ight . m(1) =-21-(m(1':)+m(i2)))
GMSB : 2-lep OS; + Er s g mass (corresp. to A <35 TeV, tanf < 35)
GGM + Simpl. model:n-»Erm G mass (m(bino) > 50 GeV)
GMSB : stable © T mass
AMSB : long-fived ¥ i, mass (0.5 <t,) <2ns)
Stable massive particles : R-hadrons gmass

Stable massive particles : R-hadrons b mase
Stable massive particles - R-hadrons Tmass
Hypercolour scalar gluons : 4 jets, m, = m,, agluon mass (excl: myg < 100 GeV, myy~ 140+ 3 GeV)
RPV : high-mass eu v, mass (13,,=0.10, 1,,,=0.05)

Bilinear RPV - 1-lep +j's + E; ., 3=9 mass (cT,¢p < 15 mm)
llllllI 1 llllllll 1 lllllllI

107 1 10
Mass scale [TeV]

*Only a selection of the available resulls ieading to mass Kmils shown
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BONMIMARY SUSY SEARCHIES

CMS Preliminary
Ranges of exclusion limits for gluinos and squarks, varying m(x°)

T1: 599X’ |ap 1.1 fb7!, gluino

T1: g—qq’ |Ep + jets, 1.1 fb7!, gl

T1: g—qqx’ |MT2, 1.1 fb !, glui

T2: —¢%° |ap 1.1 fb71, squark

T2: g—qX’ |Ey+ jets, 1.1 fb™!, sq

Tlbbbb: §—bb%" |Ey+b, 1.1 fb~ !, gluino

Tlbbbb: g—bbx" |MT2, 1.1 fb !, gluino

Tllnu: g—qqx™ |1F1*, 0.98 fb~!, gluino _

T1Lh: g—qqxs X" [1%17, 0.98 fb !, gluino

T52z: §—qqXy |Z+E, 0.98 fb~!, gluino

T5zz: 5—qq¥s |)ZB, 2.1 fb~!, gluino

T52z: §—qqXy |Ep + jets, 1.1 fb !, gl

T52z: §—qqX3 |y 1.1 o', gluino

Titttt: g—¢txy [151F, 1.1 fb !, gluino, . -
0 200 400 600
Mass scales (GeV/c?)

800

For limits on m(g),m(gq) > >m(g) (and vice versa). o?°! =0~
~+ ~0 :m(g) +7n(§<0)
m(x™),m(Xy) =————

m(x°) is varied from 0 GeV/c* (dark blue) to m(3)—200 GeV/c? (light blue).

0.
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BONMIMARY SUSY SEARCHIES

SUSI ILESSIGINERIG@RE)= | LA RINED

|. Gluinos heavier than 700 - 900 GeV (except for freakily tuned cases)
Squarks (1./2. gen.) heavier than 800 - 1200 GeV (except for freakily tuned cases)
3rd generation squarks begin to be tickled (limits of rather 250-400 GeV)

Electroweakinos rather weakly constrained: roughly heavier than 150 - 350 GeV
(very model-dependent)

. What does the “Higgs evidence” tell us about SUSY?

Implications on Higgs and BSM AIDA Meeting 28.3.2012



SUSY & THE LIGHT HIGGS OXYMORON

e SUSY predicts a light Higgs boson: 60 GeV S My S 130 [135] GeV

3 M? X? 1 X7
M? =~ M2 cos*(28) + yt llog SUSY = L (1 — 5 L >]
8> my Mgy sy 12 Mgy gy

e Large Higgs mass (120 - 130 GeV) for :

|. Decoupling regime (Higgs very SM-like, heavy SUSY-Higgses O(I TeV) )
2. Moderate to large tan B 2 10 3. Heavy stops 4. Large Mixing

Scenario Mh/max
VCMSSM : AMSB | 2 | O Ge\/
o 2 . GMSB | 1215 GeV
cms, \I‘ 7TeV L= 4etb'

mSUGRA | 1280 GeV | 50— =

“45 : 95%CL Excluded

no-scale 123.0 GeV ‘E‘S,?:f;":‘,’

NMSSM | 1235Gev | DE S el g

35| I LeP
NUHM 128.5 GeV 30 }

Arbey et al,, 2012

max Rod
MSSM m, ™" scenario, M_ =1 TeV

300 400
m, [GeV]
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SUSY & THE LIGHT HIGGS OXYMORON

e SUSY predicts a light Higgs boson: 60 GeV S My S 130 [135] GeV

3y M? X2
M2 ~ M2 cos®(28) + ==L [1og SUSY t (1
n “ 82 m2 M2, oy

1 X2
12 M3y sy

e Large Higgs mass (120 - 130 GeV) for :

|. Decoupling regime (Higgs very SM-like, heavy SUSY-Higgses O(I TeV) )
4. Large Mixing

2. Moderate to large tan B 2 10 3. Heavy stops

Scenario

VCMSSM ] RMEE
NMSSM ~—— AMSB . GMSB

mMSUGRA
no-scale

cNMSSM
NUHM

‘1111[1111/1

Arbey et al,, 2012

B
3
-

* Severe constraints on SUSY from Higgs sector

* Other models (LHM, RS,ADD, SILH, ...) less
predictive for M\, = much less constrained

J R.Reuter Implications on Higgs and BSM

Mh/max
121.0 GeV
121.5 GeV
128.0 GeV
123.0 GeV
123.5 GeV
128.5 GeV

o5 Ccms, \I‘ 7TeV L= 4etb‘
. Ll l Ll L) L
§45 ] 95%CL Excluded :
| ] Observed :
' . EXPRCtRd
40 0 210 Expected
3 +20 Expected

35 x B LEP
30 |

max Rod
MSSM m, ™" scenario, M_ =1 TeV

300 400
m, [GeV]
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SUSY & THE LIGHT HIGGS OXYMORON

e SUSY predicts a light Higgs boson: 60 GeV S My S 130 [135] GeV

3y M?2
M2 ~ M2 2 2 It 1 SUSY
h 7 cos™(28) + 372 0og mt

* Large Higgs mass (I20 - 130 GeV) for :

3. I—Ieavy stops

Scenario Mh/max @@
VCMSSM AMSB |
NMSSM - GMSB | Y5 GeV

cms Js = 7TeV L= 46lb'
= 50 ! L2 ¥ et v
@ |28O Ge\/ 545 ' 96%CL Excluded '
scale 123.0 GeV e | ["] Observed

; Expected
CNMSSM e B e

35| I LeP
NUHM 128.5 GeV 30 :

v S, S

Arbey et al,, 2012

° Severe ﬁs on SUSY from Higgs sector

MSSM m[™ scenario, M_ =1 TeV

@ odels (LHM, RS,ADD, SILH, ...) less
predlctlve for M, = much less constrained m, [GeV]

200 300 400
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GENERAL BSM SEARCHES
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GENERAL BSM SEARCHES
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EXOTIC SEARCHES

WE
LOVE
EXOTICS!

<y
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EXOTIC SEARCHES

X lgnorant (a.k.a experimental) ansatz: Search for

deviations from SM in all channels (“Look-everywhere effect™)
WE
LOVE
EXOTICS!
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EXOTIC SEARCHES

X lgnorant (a.k.a experimental) ansatz: Search for

deviations from SM in all channels (“Look-everywhere effect™)

WE
X Dogmatic (a.k.a theoretical) ansatz: Search for LOVE

the one-and-only signature (“Survival of the fittest model [fitter]’)  EXOTICS!
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EXOTIC SEARCHES

X lgnorant (a.k.a experimental) ansatz: Search for

deviations from SM in all channels (“Look-everywhere effect™)

WE
X Dogmatic (a.k.a theoretical) ansatz: Search for LOVE

the one-and-only signature (“Survival of the fittest model [fitter]’)  EXOTICS!

Many extensions of the SM have bee eI DT
developed over the past s = thl:p*t ::'iTMET
Supersymmetry - e B

s Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonanc
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

efc...

=

Extra-Dimensions
Technicolor(s
Little Higgs.4=
No Higgs _~
GUT
Hidden Valleyg,
Leptoquarks
Compositeness

4" generation (t', b')
LRSM, heavy neutrino '/
efc...

from H. Bachacou
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EXOTIC SEARCHES

X lgnorant (a.k.a experimental) ansatz: Search for
deviations from SM in all channels (“Look-everywhere effect™)

X Dogmatic (a.k.a theoretical) ansatz: Search for
the one-and-only signature (“Survival of the fittest model [fitter]’)  EXOTICS!

Many extensions of the SM have been

Supersymmetry

Extra-Dimensions
Technicolor(s
Little Higgs 4=

GUT

Hidden Valleyg,
Leptoquarks
Compositeness

4" generation (t', b')
LRSM, heavy neutrino
efc...

from H. Bachacou

.‘ »
DESY |

~o¢ JRReuter

1jet + MET

epton + N
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons
Lepton-jet resonance
Lepton-photon resonanc
Gamma-jet resonance
Diboson resonance
Z+MET
W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance
efc...

Implications on Higgs and BSM

LOVE

5 jets, Hr = 1132 GeV

Hr =693 GeV
AIDA Meeting 28.3.2012




GENERIC SEARCHES

Example W — Iv. Search variable M leads to exclusion plot:

I' T ] T 1 1 I T T 7 l. T 1.7
CMS Preliminary W
jun-um" B W v
ve=T7Tev B Diboson
W—uv .Top

== DY~

B vunije:

¢ Dot
_W(mw-z.arm

sead iuiad oouel 1

AL dl‘ 1

A u-‘

J\‘”—'L"\.L “-
i . .17
500 1000 1500 2000 250C

M, [GeV]

— N Gl Lt e

W’ xsec NNLO with mass-dependent k-factor.

AL (eaarves | rwe Maca

) (fb)

— YN (tnerved Covbaed
w—— N LaeCd C ottred
S— Theor e Crows Sechion wih b Techer
Theorwtical Cram Section withour kAacor
Fhworwionl Crom Section b W, Ls = 10 TeV)
w0 Theorwtosl Crams Section for W, Lo = 8 85 TV

cMs Prediminary
I : \Sl?T.iv
™ e | ‘Ti-a‘;-d..*f_b.'. P

+v

—
o
w
L
.

W' — eln

o BR

B LA.HL bbb

| ORISR

ol ALiL A 12 A L A ’i.-,\-.x"'
S00 1000 1500 2000 2500 3000
W' mass (GeV)
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Example W = Iv: Search variable M,

GENERIC SEARCHES

(W' e/p+v)(fb)
‘ 00'"3‘ L

o-B_B
2

cus Prellminury Iiw_:ul‘ .
Itm-uo B W
Ve=T7Tev B8 Diboson
W—uv -709
E=pY 1l
B vunijer
* Do
_W'(mw-&.afow

ol

..DJ lll.‘ ‘lll‘ AA‘.IJ llll‘ llll‘

L

2000 250C
My [GeV]

1000 1500

— WA (Ol Lt T

— BN ©AMy o2 | rRe o

— W Dyt Corbmed

N Lasecied Comtwed

— Do ion Crown Secion wilh b facher
Theorwical Croms Section wihow b Aacior
Thor wicwl Crows Section b W, s = 90 ToV)
l\-trd(nuhn—l-d“[ “ 0T

mm
-

1500 2000 2500 3000
W' mass (GeV)

——

leads to exclusion

Large ED (ADD) : moncjet

—_— Large ED (ADD) : diphoton
UED Iyy + l: e

e B3 with k/M_, = 0.1 - diphoton, m_,

RS with /M, = 0.1  dilepton, m,

RS with KiM,, = 0.1 : ZZ resonance, m,, , .
HS wma 1g,=0.20 :tT — lvjets, m

ADD BH (M3 M,=3) - muitiet. To . N,

ADD BH (M., /M,=3) - S8 dimuon N

ADD BH (M, I | =3) leplons + jets, Tp -
Ouantum black hole - dijet, F (mS

xtra dmensions

E

"7 gQaq cori@act nEiaction | /(m ) 7

aqll Cl . ee, up combaned, nhw'

uutt Cl - SS dilepton + jets + £,
SSMZ -m_,

QSM W' m,

4

Lo

Scalar LQ pairs (g=1)  kin. vars_ in pujj, uvjj
4" generation . T,—~ Wawg
4™ generation u 7 — WbWb
4" gencration - d 3, WIWt
New quark b’ bb—7b, X, m_

<M +A A 1lep+jets + F

New quarks

form.

Excited quarks * dijet resonance. m“
Excied electron - e-y resonance, m_
Excled muon _p-y resonance, m
Techni-hadrone : dilepton, m_,
Techni-hadrons - WZ resonance (vlll), mT i
Major. neutr, (LRSM, no mixing) . 2-lep + jets
W, (LRSM, no mixing) : 2-lep + jets
-* H* (DY prod | BR(H*—py)=1) SSdimuon, m_
Color octet scalar - dijet resonance,
Vector-ike quark : CC. m_
Vector-kke quark - NC, Mg

~—>

g 307 8

plot:

ATLAS Exotics Searches® - 95% CL Lower Limits (Status: March 2012)

 Scalar LQ pairs (8-1) - kin. vars. in ecjj, cm'

L1 2010 19906.12900
oL 201 11Las28
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L0 ) 12 TG
L1068 2010 2 e
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ol |E=A050 &' (010 LATLAS CONF. 2012007

1 ) lllllll | B e I [ |

My (8=2)
M (GRW cut-off) ATLAS
Compect scale 1/R (SPS8) Preaminary
Gravilon mass

Graviton mass

Graviton mass

KK gluon mass
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A (construchve nt )
A
29 Tov Z2'Mass
213Tey YV Mmacs
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5 Gav 9"gen LO mass

WG O, mass
H040W U, Mate
Mo d, mass
Soowy D'mMass
amoey T mass (mlA ) < 140 GaV)

q" mass
Q" mass
0" mass (A = m{e*))
u* mass (A = m(u”)

p e, mass (mip fo,) - mix) = 100 GeV)
p, Mass (mip ) = mix,) +my, ma) =1 nn(pr)i

H* mass

| 5 B M

; s o

N mass (m(W,) = 2 TeV)
W, Mass (miN) < 1.4 GeV)

Scalar resonance meass
Q mass (couplingx o, =vim,)

L1 1 111
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1 10
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Mass scale [TeV]
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L

-SSONS L

-ARNE

D FROM LRC RS-,

We really understood the Standard Model !!

[PD]

Production Cross Section, o,

Lie. cMs 95%CL limit

Q

i
o

EX > 30 GeV
In®|<24

36 pb”’

. E;>10GeV !
| ARG >07 |

36 pb™”

CMS measurement (statdsyst)

- theory prediction

- 22
7770

11" L 47h"

I
"

JHEP1O{2011)132
CMS-PAS-EWK-10-012

PLB701(2011)53%

CMS-PAS-EWK-11-010 CMS-PAS-HIG-11-025

Implications on Higgs and BSM

CMS Preliminary

lE \\\ A
E \s=TTeV. L =40 pb’! \m

1 10 10 "
|- mass (GeVic')
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BSM LESSONS LEARNED

* 4th generation almost ruled out (Higgs search, 4th gen. quarks enter non-perturbative regime)

« Z limits: roughly 0.9 - 2.3 TeV (but very model-dependent, zillions of models!)
W’limits: roughly 1.2 -2.5TeV  (but very model-dependent, fermions vs. weak bosons)
Graviton resonances: |.l - 2.1 TeV  (but very model-dependent: RS, ADD, generic spin-2)
Technicolor resonances: only below 0.7 TeV

Leptoquarks: still only 0.35 - max. 0.6 TeV

Top Resonances: roughly | TeV  (entering boosted top regime now!)
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BSM LESSONS LEARNED

* 4th generation almost ruled out (Higgs search, 4th gen. quarks enter non-perturbative regime)

« Z limits: roughly 0.9 - 2.3 TeV (but very model-dependent, zillions of models!)

« W’limits: roughly 1.2-25TeV (but very model-dependent, fermions vs. weak bosons)
Graviton resonances: |.l - 2.1 TeV  (but very model-dependent: RS, ADD, generic spin-2)
Technicolor resonances: only below 0.7 TeV

Leptoquarks: still only 0.35 - max. 0.6 TeV

Top Resonances: roughly | TeV  (entering boosted top regime now!)

DESY |
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BSM LESSONS LEARNED

* 4th generation almost ruled out (Higgs search, 4th gen. quarks enter non-perturbative regime)

« Z limits: roughly 0.9 - 2.3 TeV (but very model-dependent, zillions of models!)

* Wlimits: roughly 1.2 -25TeV (but very model-dependent, fermions vs. weak bosons)

« Graviton resonances: |.l - 2.1 TeV  (but very model-dependent: RS, ADD, generic spin-2)
Technicolor resonances: only below 0.7 TeV

Leptoquarks: still only 0.35 - max. 0.6 TeV

Top Resonances: roughly | TeV  (entering boosted top regime now!)

() 2012: 3x Ium|n05|ty, . I4x energy
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OH MY GOD-PARTICLE: HIGGS REVISITED

Forgot to mention: a theorist's interpretation of statistics | Erler, 1201.0695
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OH MY GOD-PARTICLE: HIGGS REVISITED

Forgot to mention: a theorist's interpretation of statistics | Erler, 1201.0695

all data except LHC all data

200 225 250 275 300 110 115 120 125
M, [GeV] M, [GeV]

Why does M, proof the existence of BSM ???
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OH MY GOD-PARTICLE: HIGGS REVISITED

Forgot to mention: a theorist's interpretation of statistics | Erler, 1201.0695

all data except LHC all data

120 125
M,, [GeV]

Why does M, proof the existence of BSM ???
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