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OVERVIEW

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

|

MSUGRA/CMSSM : O-lep +j's + E,

MSUGRA/CMSSM : 1-lep +)'s+E, ..

MSUGRA/CMSSM : multijets + E,

Pheno model : O-lep +j's + E, ..

Pheno model : O-lep +j's + E, ...

Gluinomed. 7 (§— qar ): 1-lep+js+E,, ..

GMSB : 2-lep OS__ + E; .,

GMSB: 11+ s+ E

GMSB:2-t1+|s+E

GGM :yy + E ——

Gluino med. b (§—>bbj’) : O-lep + b-j's + £, ...

Gluino med. 1 (g—mx J:1dep+bjs+E, ..

Gluino med. t (g—)ttx ): 2 lep (SS)+ s +E, .

Gluino med. 1 (a—mx ) multi-'s + E; .

Direct bb (b, bx ):2b-jets +E, ..

Direct tt (GMSB) Z(—»ll) +b-jet + E _—

Direct gaugino (% l, - 3I i° ): 2-lep SS + E T miss

Direct gaugino (% 12 - 3l i, ) 3-ep +E, miss
AMSB long-lived i

Stable massive particles (SMP) : R-hadrons

SMP : R-hadrons

SMP : R-hadrons

SMP : R-hadrons (Pixel det. only)

GMSB : stable ¥

RPV : high-mass ep

Bilinear RPV : 1-lep +'s +E, ...

MSUGRA/CMSSM - BC1 RPV : 4-lepton + E .
Hypercolour scalar gluons : 4 jets, m_=m,

Inclusive searches

T miss

T miss

DG Third generation

Long-lived particles

RPV
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4= 5 mass Iw =(0.03-4.7) o

gmass (large mg) f5=7TeV
Gmass (m(@<2TeV.light7;)  ATLAS
Preliminary

gmass (m(@) <2 TeV, light ')
§mass (m(Z,) <200 GeV, m(%") =L(m(Z )*m(d)
g mass (tanf < 35)
gmass (tanf > 20)
g mass (tanf > 20)
gmass (m(%.) > 50 GeV)
§mass (m(z°) <300 GeV)
g mass (m(x ) < 150 GeV)
g mass (m(x ) <210 GeV)
g mass (m(x,) < 200 GeV)
b mass (m(%.) < 60 GeV)
t mass (115 <m(i°) < 230 GeV)
1, mass ((m(7,) < 40 GeV. Z,,m(%,) =m(L,), m{L¥) =Hm(Z]) + m(7,)
z‘ mass (m(x ) < 170 GeV, and as above)
%, mass (1 <t(%,) < 2 ns, 90 GeV limit in (0.2,90] ns)
g mass
Smass
{ mass
g mass

v, mass (4;,,=0.10, 4,,,=0.05)
q=gmass (Ct o, < 15 mm)
g mass

sgluon mass (exd: m,, < 100 GeV, m,, = 140 = 3 GeV)
1 | I R . 1 L L 1111 1 L1 11

*Only a selection of the available mass kmits on new stales or phenomena shown
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No evidence for SUSY



Extra dimensions

v

LQ

Excit. form. New quarks

Other

Large

Large ED (ADD) : diphoton

RS with k/M_, = 0.1 : diphoton, m.,

RS with k/M,, = 0.1 : dilepton, m,

RS with k/M_, = 0.1 : ZZ resonance, m
RS withg /g =0.20: tt - l+jets, m

ADD BH (M5 TM=3) : multijet, £p N, ¢

ADD BH (M, IM,=3) :
ADD BH (M,,, /M ,=3) :

Quantum black hole : dijet, F (mS
(qQqqq contact interaction : x(m ) |
qqll Cl : ee, uu combined, ml ,

uutt Cl: SS dilepton +jets + £, ... |

OVERVIEW

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: March 2012)
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T T TTT]
Mg (6=2)
M ¢ (GRW cut-off)
Compact. scale 1/R (SPS8)
Graviton mass
Graviton mass
Graviton mass
KK gluon mass
My, (5=6)
My (5=6)
My, (5=6)

ED (ADD) : monojet

UED :yy + E

T miss

iy

SS dimuon, Nm part
leptons + jets, ¥p

M, (5=6)
A

A
SSMZ':m_, . |isass0m" @01} (ATLASCONF-2012.007) 22178V Z' mass
SSM W' m, . |estom®@omiiioaiaie 245Tev. W mass
Scalar LQ pairs (8=1) : kin. vars. in eejj, evjj |es1on”@om) 1112408 e0Gev 1° gen. LQ mass
Scalar LQ pairs ($=1) : Kin. vars. in ppjj, pvjj |e=10m" @011 Presminscy) sssGev 2" gen. LQ mass
4" generation : Q, Q,— WqWq |e=iiamnzom)iiz02350) 306GV Q, mass
4" generation : u‘u — WbWb  |e=1.0m" @011 11202.3¢76) 404Gev U, mass
4" generation : d @, — WIW! |iSiom" 201} irekminsry) as00ev d, mass
New quark b’ : b'B' )Zb+x m - |ts20m" @011) (Presmminsey) 400Gev b' mass
T +A A, 1-lep + jets + E,M‘ L*1.0 1" (2011) [1109.4725) 420Gev. T mass (m(A ) < 140 GeV)

TT
e AngSeited quarks ¥

Excited quarks :
Excited electron :
Excited muon :

: p-y resonance, m
Techni-hadrons : dilepton, m___
Techni-hadrons : WZ resonance (vill), m
Major. neutr. (LRSM, no mixing) : 2-lep + jets
W, (LRSM, no mixing) : 2-lep + jets

H™ (DY prod., BR(H" —pu)=1) : SS dimuon, m
Color octet scalar :
Vector-like quark : CC,m,
Vector-like quark : NC, m,

-jet resonance, m

et
dijet resonance, m,
e-y resonance, m

Q' mass

qQ* mass

e" mass (A = m(e"))
u* mass (A = m(u"))
pTI(n, mass (m(prlm,.) -m(=n,) = 100 GeV)

rwz
N mass (m(WR) =2TeV)

H " mass

dijet resonance, m, Scalar resonance mass

Q mass (coupling X o = v/im,)
fnass (couplung Koo = \Im(1
|

| | I lll

ILdt = (0.04 - 5.0) fo”’

A (constructive int.)

p_mass (m(p_) =m(x,) +mw,m(ar) - 1.1m(p7))

W, mass (m(N) < 1.4 GeV)

I | B B

ATLAS

Preliminary

fs=7TeV

| L L 11!

10" 1 10

*Only a selection of the avallable mass imits on new states or phenomena shown

No evidence for anything else...
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NOT ALL MODELS CREATED
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AND WE FOUND
SOMETHING™!
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WHY HAVEN'T WE FOUND ANY THING
-| SE AND WHERE 1O LOOK!

* What are we looking for so far?
* Physics of EWSB
* EWV naturalness
» Dark Matter

- Odd balls



PHYSICS OF EWSB

Weakly coupled Strongly coupled



PHYSICS OF EWSB

Weakly coupled Strongly coupled

e




EVW NATURALNESS
AFTER DECADES OF RESEARCH...

Extra Dimensions

Supersymimetry

AdS/CFT

Strong Dynamics

Something Else?



R. Sundrum
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How do we put it on trial?{?



DARK MAT TER/WIMP MIRACLE

1 m>2
QX X ~ %S |
(ov) g%

T we have weak scale couplings anad
masses this works out right

Just one number; maybe we put too much
sieel il L esRlE s A e weEs



WHERE ARE WE AT/

EWSB Naturalness )M Oddballs

Signatures S



WHERE ARE WE AT/

EVWSRB Naturalness

Signatures
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Oddballs

VWho Knows



WHAT'S EXCLUDED?

» ATLAS and CMS have done well at the following things so far:
» Basic two body final states and close to these...

» Really blatant oddballs

e tinine = MET



BUMPS AND BIG SIGNAL
SEARCHES

CMS Preliminary 2011

= - ]
@ B - e Data - .
D40 :_J.L dt=4.7 fb B ZZ/Zy | Very High ptT Results
Q E Js= B tt s
L p Ns=ErTeV B Z+Jets ]
I:IWZ _ :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII:
210° — W' (600 GeV) = E N o —e— data 2011 ]
E - 1 5 10 ATLAS Preliminary Total BG .
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10%
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P, jet1 [GeV]



BUMPS AND BIG SIGNAL
SEARCHES

CMS Preliminary 2011
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Nothing here... move along our p-value Is big



Ekin [GeV]

OBVIOUS ODDBALLS

N
o

W
-
I

W
O
|

2sof
200F

150F

100

>0 ATLAS Simulation

O"...I...l...l...l

S50F
00F

g|=10e, m= 500 GeV —0.1

0

02 04 06 0.8

.1.

12

14

1 6
ul



SUSY OVERVIEW

+ Experiments have looked for SUSY In a variety of different flavors and channels:
M s MET

* bjets +MET

e lepatets S FIME T

SR e L Ndicpions FIMET

S Seilcpions = MET

* diphoton+MET

* multileptons

+ R-hadrons

> EMISIES



SUSY OVERVIEW

~or the most part
exclusion Is based on '- R

NSRRI (D)-|ets <
( ) < >J b \SM partner

+k leptons

cascade

production

SM partner
NLSP /

cascade



SUSY OVERVIEW

* Where do we expect exclusions?

100 Wino TeV Gluino TeV

| Wino LHC7 | Gluino LHC7
Wino LHC14 Gluino LHC14

104} . .

0.01 Y N
1500 2000 2500 3000 1000 1500 2000 2500 3000

Mwino [GCV] Mgluino [GeV]



SUSY OVERVIEW

* Not all searches as powertful as they could be (at least at |/ib)
particle mass relevant decays 1400 -
g Mgluino § — bgl I i Kats,
= = — I u PM,
b1 Mispottom by — bG 1200 B Reece,
— : : Shih
) | i
- £ 800 -
[ P E , ,
1400 7 = : B
’ A | 600 -
1200 ] 400 ATLAS jets+MET (1/fb) I
200 P R L A Ara v
, 200 400 600 800 1000 1200 1400
A | Mporom [GeV]

CMS SS dileptons (1/fb)
CMS OS dileptons (1/fb)

el R LA rticl mass | relevant decays
ATLAS 6-8jets+MET (1.3/fb) | «—— | PAIMICIC | as it 2t/

ATLAS /+jets+MET (1/fb) g M it g — tty

CMS ¢+ jets+MET (1/fb) i Moo e

200 400 600 800 1000 1200 1400
M, stop [GeV]



REGARDLESS OF SUBTLE

DETAILS

0 500 1000 1500 2000

bino

wino

higgsino (Z—-rich)

higgsino (h—rich)

chargino

slepton (flavor dem)

slepton (tau rich)

sneutrino

gluino

sbottom

stop

0 500 1000 1500 2000
Gluino mass [GeV]

Exclusions
keep pushing
forwards

o n
(o0} o
o o
o o

squark mass [GeV]
o
3

1400
1200
1000
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60%

Squark-gluino-neutralino model, m(i?) =0 GeV
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ATLAS Preliminary
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Expected limit 1o

[ ATLAS EPS 2011
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WHAI'S NOT EXCLUDED
YEI.

* Final states without much MET

» primarily 3rd Generation final states produced from direct
production of 3rd generation partners

* Long lived final states

- Odd balls

» All of these ideas may be correlated!
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HAVEN'T DIRECTLY
SEARCHED STATES FOR
NATURALNESS

* We care about the third generation, top partners in particular
for naturalness - don't HAVE to have other things around..

VWe've been walting on this
search for a long time...




ATLAS TO THE RESCUE

Search for Scalar Top Quark Pair Production in Natural Gauge
Mediated Supersymmetry Models with the ATLAS Detector in pp
Collisions at /s =7 TeV

stop pair in GMSB Natural model

;‘ 350 B | I I | I | ] I | I I | I I I I I | I ' I I I I I I I I I |
[)) = ATLAS pre"minary == CL observed limit (95% C.L.)
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_ & Reference points _
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ATLAS TO THE RESCUE

Search for Scalar Top Quark Pair Production in Natural Gauge
Mediated Supersymmetry Models with the ATLAS Detector in pp
Collisions at /s =7 TeV

WTHS%@*? " =mn= —A,;/2; tanf = 10

stop pair in GMSB Natural model

; 350 B | I I | I | ] I | I I | I I I I I | I ' I I I I I 1 I I I |
b Z [)) - ATLAS pre"minary == CL observed limit (95% C.L.) -
9 — » - = CL, expected limit (95% C.L.)
, o 300 |- det=2.05fb,\s=7TeV - —
soft JetS Eée - J 0 T Expected CL_limit +1c a
_ % Reference points _
y + 0 ~ 250 - T e __
t1 | X1 \/ X1 | G - -
’ 200 —
— - 150 | —
X — =~ [ -
1 X1 A X1 G - ]
) 100 ; —
soft jets . P ]
r 7 z 1
7 50 B | | | | I | l | 1 I | 1 | | I | | | | | | | | | I | | | |
b Z 100 150 200 250 300 350 400

m- [GeV]



HAVEN'T DIRECTLY
SEARCHED STATES FOR
NATURALNESS

* We care about the third generation, top partners in particular
for naturalness - don't HAVE to have other things around..

Not quite there, but we are
getting there SOON:!



MODEL BUILDING 3RD

» lo avoid constraints we'd like to separate off first two
generations from the third

» Compositeness - Csaki, Randall, Terning
* Flavor Mediation - Craig, Mcullough, Thaler

» Other 3rd generation fun - Craig et al. and others in the
past

All avoid naturalness for stops, but do
we really care! Depends on Higgs
sector




SRD WITHOUT MET

» Only talked about “SUSY" partners
REEIERSIoos, XDs, etc.

« Good Models!



SRD WITHOUT MET

Exclude Triangles not Points
» Only talked about “SUSY" partners Wb
- Little Higgs, XDs, etc.

« Good Models! no...BUT

» Can still profess ignorance and look for;
motivated states 7t

Peskin

ht



IMPLICATIONS FROM HIGGS

* Why do we care about 3rd generation? HIGGS

* We now have something concrete to say If we have found the
thing!

Higes at |25 Gev, what does it mean!?

Another nail in the coffin for strong coupling?

Not too great for SUSY either, right!
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SUSY AND 25 GEV HIGGS

201

Maximal Mixing

1.5
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X;>0
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No Mixing
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FIG. 6. Higgs mass as a function of Mg, with X; = 0. The
green band is the output of FeynHiggs together with its as-
sociated uncertainty. The blue line represents 1-loop renor-
malization group evolution in the Standard Model matched
to the MSSM at Mgs. The blue bands give estimates of errors
from varying the top mass between 172 and 174 GeV (darker

band) and the renormalization scale between m:/2 and 2m;
(lighter band).



SUSY AND 125 GEV HIGGS

@RGEEE options:
» Maximal Mixing and "light™ stops

* No good high scale models and low scale models have to
be at "high" scales

» SUSY really heavy and tuned - Split SUSY

» SUSY effects Higgs properties (do we care about 3rd gen as
much?)



SUSY AND 125 GEV HIGGS

* “"Low’ scale models = Long lifetimes

10g,0(Mmess/GeV) for my, = 125 GeV

Contours of constant NLSP lifetime

Draper,

_/W// PM R
Reece,
10 —,/J/’/1///,J,,/f~/“’”’/”“’~’/’-

=10m

__~_/,j///////**’””””’dﬂfﬁf” Shih
i cr=1% )

- 1m

=01m

cT
1O3M

VF (TeV)

cT

: f 102+ :
Y T a— 150 200 250 300 350 400 450 500
Mg (TeV) o (GeV)

* Tuned models = Long lifetimes as welll quasi-stable R-hadrons

How much do we care about stops!



L ONG LIFETIMES

* These exist as a whole branch of BSM models without Higgs
motivation

» Handful of searches already, but typically tied to obscure
models!

- Can give us deep Insights!



HIGGS CORRELATIONS

|
m,, = 124 GeV CMS,\s =7TeV m, =124 GeV CMS, \'Ig =7 Te
B Combined (68%) | L=4.6-4.8 b | Combined (68%) L = 4.8 fo —
Single channel .
[~8 Single channe -~ Single class
H - bb B Dijet-tagged |
L
H . . _—
o Both photons in barrel, Rg"%o.94
H—yy
B Both photons in barrel, Rg““<0.94_
H—-> WW
| | _ _
77 il One or both in endcap, R ">0.94
1 1 I 1 1 l L1

1 l 1 11 i i 4
0 05 1 15 2 25 3
Best fit O'/GSM

One or both in endcap, R;"‘”<0.94
B ‘

O 1 2 3 4 5 6 7 8 9
Best fit O/OSM
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HIGGS CORRELATIONS

Single Scalar Model

120

Figure 3: Left: Favored region, 90% CL, in the m; — my, plane, derived from the combination of
the three search channels, for the one-scalar model described in Sec. 4.1. Right: Constraints for
myp, = 125 GeV. The three bands show the 1o allowed regions from Higgs produced via gluon fusion
decaying to two photons (ggF h — 7, pink), Higgs produced via gluon fusion decaying through
two Z-bosons (ggF h — ZZ*, blue), and Higgs produced via vector boson fusion decaying to two
photons (VBF h — v+, beige). The three curves show the theoretical predictions as a function of
my: ggF h — v (solid-pink), ggF h — ZZ (dashed-blue), and VBF h — vy (dotted-beige). The
region to the right of the green line at m; = 300 GeV shows the 90% CL experimental (combined)

bound.

122

104 1
my, [GeV]

128 1

2
A3
Ve
bX
S
[
o

Single Scalar Model

(O8]
=

B
n

i1 ggF ho> 77"

e
o

J—
W

—_
(=

=
in

=
=)

200 300 400
m; [GeV]

500 600

Carmi,
Falkowski,
Kuflik,
Volansky
+

many others



HIGGS CORRELATIONS

* By combining

exclusive channels AT THIS EARLY

JUNCTURE, we can already make important statements
about BSM physics

map = 2TeV

********************************************************************************* Curtin,

77777777777777777777777777777777777777777777777777777777777777777777777777777777777 Jaiswal,
PM

Electroweak Baryogenesis in the MSSM is donel



OTHER ODDBALLS!

New Odd Tracks (NOTs)
eg:
X B X S (37 1)0 s (37 1)0

Y YN(171)1/9 (171)—1/9

1 7 3
FXCZRY

Microbarn cross sections without detection!



BSM THEORY STATUS
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BSM THEORY STATUS

* No sign of 1t



BSM THEORY STATUS

* No sign of 1t

* | ots of holes

Role of BSM theory now:

* Low MET
Model for explanations
> [N M=K
* 3rd gen Models for experimentalists

* Long Lifetimes

- Odd balls
Obvious MC implications:

SV eeas 1o pe DeiEr
BSM has to be ready for weird things but with accuracy




