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Alternative Talk Titles

“Looking for the Particles
of the Early Universe in
Collider Experiments”

“Cosmo-Particle Searches
at Collider Experiments
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Outline

* What we know and what questions
we're trying to answer

+ Supersymmetry and other Ideas

» Searching for New Physics in
Collider Physics Experiments

- Tevatron Results

- Some stuff about the LHC in
advance of its turn-on
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Dark Matter = Supersymmetric Particles?

Supersymmetric Dark matter
Particles?

-~
o “Not good enou ly provide
SUSY provudes G a %andidate’f] need topJ;spcribe
full calculation early Universe physics and

correctly predict the Dark
Lof VQYS,USY,_D'MW_ Matter relic density
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Different Types of SUSY Solutions

Cold Dark
matter
Produced in
the Early
Universe

Sparticle Masses and

Lifetimes matter

Warm Dark
matter
Produced
later in time

Cold Dark
matter
Produced
after a
month or so
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Can we Make and Discover Dark Matter?

* Lots of high energy collisions
between particles in the Early
Universe

* Recreate the conditions like
they were RIGHT AFTER the
Big Bang

+ If we can produce Dark

Matter in a collision then we
Hac can STUDY l’|' 09
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The CDF D‘rec‘ror'

*mn““w"mm’“- A
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SIEST

e ;,:‘,_.—-\1‘

Powerful multi pur'pose detector

High quality identification for electrons, muons, taus, jets,
Missing Energy, photons, b's etc.
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Review

How does one search for new
particles at the Tevatron?

* Bang a proton and an anti-
proton together and look at
what comes out (an event)

+ Compare Missing Energy from
Standard Model events to the
expectations for SUSY/Dark
Matter
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Going from Collisions to
experimental results

How many collisions
(events) passing a
set of

requirements Lo many proton
anti-proton

T

Y X O-production

[

How often a proton

anti-proton collision

produces a SUSY
event

collisions happened

Number of background events from Standard
Model Sources follows the same procedure

Hadron Collider Results
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X Acc?p‘rance

How vJeII the
detector does at
detecting SUSY
events. Usually
estimated with

Monte Carlo.

Also takes into
account the
requirements
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Example Final States:
Two photons and Supersymmetry

Standard Model: Supersymmetry:
P 0 ¥4 F

9

p——8——7

vy +No Supersymmetric

Particles in Final State Yy+Supersymmetric
Particles in Final State
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Standard Mode'* Supersymmetry:

P— o G
g 4
G

P 0
V

....
4,
4,
L 4

SUSY Particles
Leave the detector
->Missing Energy

Missing
nergy

“
.
.
A J
“
“
.
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Signal Vs. Background

40 _||||||||

35 h

30 19 (gives us confidence we got

Solid line: Background
Expectations
Points: Example data >
Data is consistent with
background expectations

that part right)

20 |

15 F

Events

10 F

SUSY events would
show up out here
Is these a events from
SUSY or just a
fluctuation?

70

Mlssmg Ener'gy
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- Look at each

event

* Put the

measured
missing
energy in a
histogram

» Compare the

expected
predictions
from
Standard
Model and

from SUSY L
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Three TZEeS of Searches

1. There are some theories that are so
compelling it is worth doing a
systematic and deep search to see if
it is realized in nature

2. To misguofe a famous US Supreme
Court Justice "I don't know exactly
what I'm looking for, but I'd know it
if I saw it”

- Broad, model-independent searches

- E.\{(er,ujrs that are "un-Standard Model
ike
3. Follow up on any hints in our data or

other people’'s data
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MSUGRA

Minimal Supergravity:
breaking is mediated by the
gravity sector

At the unification scale:

600

B
o
o

I

I T I ! T ! T T

[T T I

- scalars have mass m,

- gauginos have mass m;

mSUGRA or Constrained
MSSM used as

Runnjng MLss (GeV)

benchmark 2 |

5 free parameters (at Mg, 1) |
determine the sparticle masses

* my: common scalar mass at Mgt

* m;,,: common gaugino mass at Mgt

ZUU -
—>m; 2
0} u
—200 |-
i | | | | | | | | | | | | | |
4 6 8 10 12 14 16
Log0Q (GeV) P
|
EWK GUT

* fanp: Ratio of the Higgs VEV <
*+ Ap: common trilinear coupling at Mgt
- sign(p): ¢ is the Higgsino mass parameter




The SEar"ricle Masses

800
- a‘ §
600r b
L 7.7
> L f 78
G 400F
= |
- T —_— .
200r . et
For large values of i 7
tanf Stop, Sbottom - | | | |
and Stau can get 0 oo T
much lighter
>Can also h Need complementary
~an aiso have a searches for low tanp and
significant effect on high tanp
F  the branching ratios . Cagregen <9
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Golden Search Channels

Three main ways to look for minimal models
with Cold Dark Matter Models (MSUGRA -
type models)

* Direct production of Squarks and Gluinos

- Heavy, but strong production cross
sections

- Direct production of the Gauginos

- Lighter, but EWK production cross
sections, also leptonic final states have
smaller backgrounds

» Indirect search via sparticles in loops
- Affect branching ratios




Aside before we begin...

Most analyses will look “Tt's a Jot of
like they were easy work to make it

Noto Bene: It's 2009 look this easy
and we're 8 years into | - Joe DiMaggio
running T

This is a lot harder than & “{&;
it looks and it takes a 7. *5§
lot longer than it aF
should

I'll ¥ry to comment
periodically on lessons B =l e -

-

C
s
.

- Yogi Berra
Auaust 2009
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Squark and Gluino Searches in Multijet + Met

Three main production diagrams
inal states are_mass depende

2 jets + MET 3 jets + MET 4 jets + MET
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Start from difficult backgrounds

. m: ~ SUSY and Background Cross-Sections Nofe: Des i.l.e .'.he

Expected SM

Ef>180 GeV/c?

1615

Er>120 GeV/c?

3712

=

T ot huge production

e . Bottorm — cross sections only
about 25% of the
~ final background is
e N QCD
. SUSY
e Jee, o =~ The rest is ttbar and
o S other EWK
13 Tt processes

2 jets 3 jets 4 jets

Selections H.>330, H.>330, H.>280,

E{>90 GeV/c?

48+17
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Unified Squark/6Gluino Search

N,y 22 MET>180 HT>330 CDF Run Il Preliminary N3 MET>120 HT>330 CDF Run Il Preliminary N, 24 MET>90 HT>280 CDF Run l Preliminary
—+— Data(L=201") e —&— Data(L=20f0") - —o— Data(L=20f")
I —— QCD+non QCD Bkg g —— QCD+non QCD Bkg. 10° —— QCD+nan QCD Bky.
. — non QCD Bkg. C — CD Bk ; () — non QCD Bkg.
> F . L non Q i .
0 f Total Syst. Uncertainty ; % 10 Total Syst. Uncertainty % s i , Total Syst. Uncertainty
g — BH8ig M- 349 Gelle 0 ¢ —— Bg+Sg. M, =249 GeVic C r —— Bkg.+Sig. M, =267 GeVlic*
® L M, - 385 GeVic o M, -270 GeVid 9 wf M, - 438 GeVic’
PR RIS a f |
£ N £
9 il § | °
o 1F 2 T 2 1L
o’ 50”'166”'15‘6'ér‘:u"'és‘u"'ér‘:umésu”arlad 10"_ T T "ll_\
. o 50 10 150 200 250 300 350 % o 1 20 20 300
missing-E-[GeV] missing-E.{GeV] missing-E;[GeV]
[ J [ J [ )
2 jets + MET 3 jets + MET 4 jets + MET
{Mna L=2.0 fb™

etical uncertainties not included
calculation of the limit
—e— NLO: PROSPINO CTEQ6G.1M
No syst. uncert. (PDF & Ren.)
—i— observed limit 95% C.L.
evidence --4-- expected limit 95% C.L.
physics
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Gauqgino Pair Production in Multilepton + Met

eee, eeyp, egp:u, MUK, Supersymmetric Trilepton Event ~ €ee. eep, epp & pup
eet, eut, & UUt .
3 Tight Leptons

2 Tight leptons. e + MET
+ 1 track
+ MET AN SUSY Leptone/p 2 Tight leptons
' P X p_ ~+1 Loose lepton
1 Tight leptons U + MET

+1 Loose lepton Missing Energy
+1 track ~—

+ MET

1 Tight lepton
+ 2 Loose leptons
g + MET




Unified Gaugino Pair Production Analysis

WIDrell Yan Channel Background
B Diboson 3 Tight 0.49:0.04:0.08
Three Leptons @ g 2 Tight + 1 Loose 0.25:0.03+0.03
B Fake 1 Tight + 2 Loose 0.14+0.02+0.02
2 Tight + 1 Track 3.22+0.48+0.53
1 Tight + 1 Loose + 1 Track 2.28+0.47+0.42

CDF Run I Preliminary,I Ldt=2.0 fb

>
EDrell Yan 3 -
Two LeptonsS mpiboson - st
+Track - A ——
B Fake z g
I Fake lepton
—— Signal
10"
3 leptons
10?2
| 09

1 II ll’l'll
120 140 160 180 200

David Toback Texas A&M Universit 5 Missing E; (GeV) )()Q



Tri IeE'rons in mSUGRA

o Z8Ur — : » —
9 - op _ | : R | o
> 0 Vhe details of the | S
e chai | N 1 ©
€7t full decay chains | . 1o 2
¢ 200 of the gauginos | 17
... affects the final | = 140
= state kinen | 1 Look at
200/ ’ . J130 the lines
: . of
190; Gauginos Decay dominantly .+ i4— J120 constant
1305 via on-shell s!ep*l‘ogs N G 5 ] M,
- ~ W i N augin —
: m(7; ) < "?(Zz ).: ;z%m?zanﬁi,ay 4110
| N via of f-shell W/Z 3
o ' ~0
L m(7y) > m(7z ) '
0 20 40 60 80 100 120 140
m, (GeV/c’)
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Cross Section limits
vs. chargino mass

|F +F

M, = 60 GeV

Gauginos Decay dominantly
via on-shell sleptons

%l
Z+
M, = 100 GeV
% I

Z*
Gauginos Decay

dominantly
via off-shell W/Z -0

X1
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CDF Run I Preliminary_[ Ldt = 2.0 fb™ Search for ziz:

_|LEP direct
- limit

Theory 6, o xBR

-------------- 95% CL Upper Limit: expected
Expected Limit+ 10

Expected Limit+ 2 ¢

95% CL Upper Limit: observed
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“uy,,
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.....................
....................
.............................................

0 110 120 130 140 150
Chargino Mass (GeV/c?)

CDF Run Preliminaryj Ldt=2.0fb"

Search for szg

LEP direct
limit

Theory o, ;*BR
-------------- 95% CL Upper Limit: expected
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Chargino Mass (GeV/c?)
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mSUGRA Exclusion Region

m,, (GeVic’)
] Mo
(2% B
= =

b
[
=

210

200

190

180

Excluded Region in mSUGRA

. ||

Search for y,y,

- CDF Run Il Preliminary j Ldt=2.01b"
[ mSUGRA tan(p)=3, A,=0, 1>0
m(&g), M{ig) > M(3)

m(iy) = m(7,)
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LEP direct limit

Excluded at 95% C. L.

r%llllllllllllllllllllll

100 120 140
m, (GeVic’)
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High Tanp

» Likelihood fits
including Higgs mass
limits, g-2, and other
experimental data to
the MSSM in the
plane of m,,, and tanp

- Prefers high tanp

- Stop and Sbottom
masses can be very
different than the
other squark masses

* Gaugino branching
fractions to t's can
rise to 100% as the
stau gets light...

Hadron Collider Results

Allanach, PLB 635, 123 (2006)

/P(max) l

1 0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
{

0 10 20 30 40 350 60
tan B

The Tevatron has
moved towards having a
full suite of high tanp

targeted searches
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Indirect Search: B. =2

The search for B, 2 pu is
perhaps the most
sensitive to SUSY since
sparticles show up in

b

loops

Especially sensitive at
high tanp (Br o« tanf®)

In the Standard Model,
the FCNC decay of
B, 2utu is heavily

suppressed

MSSM +

HYA°

= ~ tan®p M
§ SM !.«L+
ZO
Wi
b o

BR, (B, > u"u")=(3.5+0.9)x10"

(Buchalla & Buras, Misiak & Urban)

Hadron Collider Results
David Toback Texas A&M University
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Looking at the Data

Heavily 25| | COF Il (2 1)
optimized =
search
using
Neural Net

Techniques

N
=]

-
th ©

.y

N b O O O

Candidates/24 MeV/c?

-
0 o

[

primary

vertex ‘3 A,
3 B""
dg. ~ _.#&displaced vertex
i

The backgrounds are combinatorial and estimated
and checked from data using sideband techniques

Can't predict the backgrounds from MC -> Makes
predictions for sensitivity at the LHC precarious

David Toback Texas A&M University Avudu;'r’200'9




Sbottom Searches

Two primary Sbottom
searches jn
b+jets+Met

1. Sbotitoms fro
gluinos

Direct sbottom pair
production

2.

Special tricks to identify b-quarks
from their long lifetime

Jet

N-Events

Displaced tracks

Decay lifetime

’h
Lxy //%eondary vertex
-
Primary verlex . > 7/
do -
Prompt tracks

t:
.t
“.
-1
CDF Run Il Preliminary JL dt=2.5 -

- Two inclusive b-tags
10

- [ EWK BOSONS

8 OTop

| [ Mistags

L [ Inclusive Multijets

|

- — Signal M(§)=335, M(b)=315
* CDF Data

Backgrounds
are roughly
half QCD,
half EWK

il
0.5

1 15
(NI aT™I ™}



Limits on SEar"ricIe Production

Most sensitive to large sbottom masses
Complementary to direct Sbattom searches

Submitted to PRL, : . )
e iv-0003 2618 Which are gluino mass indgpendent

-1
COF Run Il Preliminary | Let-25%" COF Run Nreliminary | | La25
Té_ = 95% CL limit (for m[b]=250 GeV/c?) “L 350 N Observed 5% CL I.imlit 5 (100% BR)
— «::: Expected limit S """ Expected 95% CL limit i 0
S — 95% CL limit (for m[5]=300 GeV/c?) 8 [ M(%) = 60 GeVic? ¢%) B~ b, (100% BR)
Yo imit (for m[b]= eV/c - 2
= — — M(G) = 500 GeV/
O 1 = --:» Expected limit = 300 - @ e
@ - )}
) § — bb (100% BR) P
% b — b’ (100% BR) = 250
e E i
Q10 F S
----- -—
[ 8 200
PP _ w D@ Run |1 310 pb’’
-PP— 99 at \I§_1 .96 GeV Sbottom Pair Production
oL Excluded Limit
10" ' ——PROSPINO NLO (CTEQ6M) -
- Ha=te= Mg [ CDF Run | excluded
M(9)=500 GeV/c® M(%)=60 GeV/c* _
| 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 100 1 1 1 1 1

|250 300 350 I400I 200 N 250 a 300 N 350 a 400 N
M(Q) [GeV/c?] Gluino Mass (GeV/c?)



Lightest Squark = Stop?

Direct counting

Experiments

Dileptons+Jets+MET

[
-~ 140
Cth'm"'Je"""MET 130 Scalar top in the Dilepton Channel:t — v b 3 \ DG, L=11fb"

- . ’ —
o~ < ..
§ 120 2 Br (- Wb)=100% /* CDF Preliminary --- Expected

' > - Run II, 1 fb! Lo s

100L ~COF Runli285pp" e D@, L = 995 pb' M 110 Observed
- —D0 Run Il 360 pb’ <M T 2R%,
- — Observed Q(\r\ < . = 100 % # T, 100 "' s,
25 807 -Expected "‘,./" " P 90 4 '\‘

[

g

?

~~~ E
>

o) 2

Q E

~— =

R e

E (7]

------ CDF Expected &

40 :Z: ="LEP 6 = 56°

L wiEPe=0O & P -"/ CDF Observed
20 5057 /r,-.__f_- """""" 1) 60% LEPII
Cil ‘ LS 40\\\ § excluded
40 60 80 100 120 140 60 80 100 120 140 180 180 200 401~ LEPIechuded

il YNV NV A 11
M- [GeV/c?] 60 80 100 120 140 160 180 200

mf (GeV) ‘ lllll Vel QU1 Y t Stop mass (GeV) 9




Stor

Dilepton+Jets+
Met sample is a
fairly pure
sample of top-
pair production

However, Some

Searches

Sample made
of tops and

stops

2

£ Final state particles are
of the dllePTOH the samg as in top

pair production

events in Run I
didn't “look” like
tops
Do a systematic
fit of the
kinematics for
an¥ evidence of
ight stops

M,

155

hi;=155 GeV ! l.':[:IFIFlunIIIPIIE|IIlnIT'|El|r;|r[I2.i"|1'b'1]I I-dlatal r

B stop (DILBR=0.16)

M‘x'=1 25.8 GeV
M =43 9 GeV

150

ed Stop Mass, B-Tagged Channel

M1'o =

EeV 175 GeV

+ 2+ Light Flavor




Can set limits on S‘l'oE Admixture

Branching Ratio limits are mass dependent-...
Small chargino mass Large Chargino mass
Observed 7/5% CL Observ\d 95% CL

CDF Run Il Preliminary (1.9 fb™) 2 CDF Run Il Preliminary (2.7 fb™)
. BR(/%X\I)10 LA
85 M(,)=105.8 GeV/c?| 85 M(x)=125.8 GeV/c®
80 =/ BR¥(7, 7 vI)=1.0 BRE-70)=1| g0 BR(~%,b)=1
75 75

Dl calOieayens
9t 0 . _ BR (x1—>x1vl)—0.50
BR (x14;(1\'|)—0.50

M(x;) GeV/c?
2]
I = IIIIH|IL
‘IIH III||H\I|H!I‘\I I‘III

M(%)) GeVic?
[=2]
(8, ]

60
60 BRY(}, ¥, V1)=0.25 .
2t S0
55 55 BR (x1—>x1vl)-0.25
50— 50
g 5 S

Excluded by LEP
45 Lo by N N 135 140 145 150 155 160 165 170 175 180 185

120 130 140 _150 160 170 180 M) GeVic?
M(t)) GeVic? oU s o= -
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Events / 25

High tang — Light 7's

Complementary search for Squarks:

25

2

15

1

0

0.5

Met

+ \
~ +
0 T 1z

D@ Preliminary, 0.96 fb™'

Recent Precision Cosmology
data favors places like the
co - annihilation region

— 7 has a mass in between
the X, and X’

DO Preliminary, 0.96 fb™

0 50 100 150 200 250 300 350 400 450 500

; 200: 7 /
é ll?l;af Iv + jets o B
Z— W + jets g 180-_
{/-tvw wz,zZ g C
W Il jets £ 160 et -
B single-t E & L >
o) Signal i m_ “ >
-_—’
1200 |
100
80:— [T] observe d
C ---- Expected
L 60/
Al l I_I_LI L I B B )
3 6 60 80 100 120 140
MET (GeV) 2psity m, (GeV)

L=

1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0



Gauge-Mediated SUSY Breaking Models

X; — 16 models provide

a warm dark matter candidate
Consistent with Astronomical
observations and models of inflation

Early Universe Later Universe

Nanosecond lifetimes Warm

——————— > Dark
Matter
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Search for anomalous yy events at CDF

PR ARBARRARE Aaa ARRD BERERRERESEams Data is
22N consistent with
N 25 e RUH I Da‘l'a backgr'ound
= 10"¢ . from CDE.. expectations
S | | (gives us
Y -
>10 3 confidence we
W 4+ | got that part
1k r'lgh‘l')
T 3j — +N One possible
Mlssmg Ener'gy " exception

CDF PRL 81, 1791 (1998), PRD 59, 092002 (1999)
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The interesting event on the tail

* In addition to yy+Met
this (famous) event has
two high energy
electron candidates

- Both are unexpected
- Very unusual

+ Good example of
getting an answer which
is far more interesting
than what you asked
for

- How unusual? SM
Predicts about 10-¢ or

SO
Hadron Collider Results

David Toback Texas A&M University

eeny’TCondido’re Event

e Candidate
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Is the eeyy+Met Candidate SUSY?

Selectron pair production and decay?

~0 —’7/
Al __-~-"
” ~~~ ~
~ -+ . ~ ~
e - £ G
/// €
Q000000
\\ >0 —’}/
~ ZI -
é"— \\ __—<~~ ~
P S~~_ T =6
e

Others like it in the Tevatron Data?
None in Run I
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Searches for More Events

For most of the last ten years
Tevatron searches have
focused on low lifetime
searches 2> yy+Met

Searches for more eeyy+Met
events have also been null in

Run IT

Maybe we haven't seen them
because the lifetime is large
and most of the SUSY events
just leave the detector?

Hadron Collider Results

David Toback Texas A&M University

m( 7]} (GeVic)
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.ﬂ].]f]’[]_ DELPHI L3 OPAL
e e — ¥ — GGy

[30=ys=209 GeV’

a1
i
HE
I
i
il
N
] 1
| i
h !
Y W
i | / Excluded at 95% C.L.
i 2 3 i 5

o ZIIIIIEIDIIIIHEIJIIII45]IIIIEIDIIIIbD]
m[é ) (GeV) c}']

EP limits make a
Tenuous Assumption:
Tevatron production

rate is ~3 event per
100 pb-!
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High and Low Lifetime Searches

The lifetime and 30 _ -7
associated particle _ e e TT=a_ o~
production dictate .2 jef 6
different final 10000~
states S o 79 ==Y

* yy+Met for small \<_—1—<:_~ ~
lifetime =3~ ~6

* Delayed Photon
+Met for large

life'rime (z’t ) /CDF Calorimeter = Photon ~
f delayedy .9”'“'0' i?.
prompt y g_ 10} delay&ad .
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vy+Met

CDF Run Il Preliminary, yy+X, 2 fb”
S N L B L B B

[ Bckgio,,

Events / 0.5
—
2

separate

Can straightforwardly

QCD backgrounds

" MMM It ins with no intrinsic Met from
= o EWK that does

—— QCD ({gkesfT
-—z R (real ;)
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T Non-collision 0.89+0.32 0.84 +0.30 077 +0.27
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Low lifetime GMSB
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No evidence for new
physics

Blessed with 2.6 fb-1, GPS
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All Neutralino Lifetime Searches

102 = —e— 7 + E_+Jet data
- — Al
B Collisions
B f— (B:eam_Han
10 osmics . .
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photons in y+Met+Jet events
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Lots of other possibilities

Two worth mentioning here:
1. CHAMPS
+ Charged Massive quasi-stable particles

* Like GMSB in that the lightest
abundant sparticle in the early
universe is different than it is today

2. R-parity Violating SUSY
* Perhaps Supersymmetry is correct but

has nothing to do with the Dark
Matter problem (Axions?)

- Still worth looking for, just harder to
know where to look
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Long-Lived Charged Sparticles (Champs)

* New emphasis in the
theory community about
the role of long-lived
sparticles in the Early

niverse and today as
Dark Matter

* Use timing techniques

- Heavy particles
arrive later

- Can measure the
"mass” of weakly
interacting charged
particles (muon-like)

100 ps
Time-
of -Flight
detector

®

[
Muon CHAMP
Auaust 2009



CHAMP Search

CDF Run Il Preliminary (1.0 fh"]
—

* Dominated by
measurement
resolution

* Can set limits

10"
0

10

- Small
differences
between each

Accepted for
publication in PRL,
arXiv:0903.2618
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R-Parity Violating SUSY

sneutrino —»ep, U, et

ut

* One advantage of RPV
SUSY is that single- .

article production is
owed

- Decays also depend on the

al
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sheutrino —ep, tu, et

o-BR excluded at 95% C.L in
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Tea'l'r'on Sum

* The Tevatron has
performed a broad and
deep set of searches for
Supersymmetry in ~3 fb-1

- Unfortunately, no sign
of new physics

The Tevatron is still  REESCEEEIES
running beau‘rlfulllr and the R 7
e

detecfors are collecting il iz . 10
data at unprecedented “Don't look back
levels — something

* For the time being it is might be gaining
still leading the search for on you"

Cosmo-Particles -Satchel Paige

c -y - — - -



From the Tevatron to the LHC

* The Tevatron allows us to look
at the conditions of the Early
Universe about 1-10 ps after
the Bang

-100 GeV particles

* The LHC allows us to go about
a factor of 10 earlier

-1000 GeV particles
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Where in the world is the LHC?

France

=S ‘;.‘ = ot “
)‘4_ >

~ Geneva SW'Tzerlan d cern

- ,._g_‘_v . .
¥ Jura Mountains

Actually... It's down here

100 meters
Underground!



Another view of the LHC

B

S Sl .

Lake Leman

27 km in Circumference!

One of the largest and
1e most complex scientific
strument ever conceived &
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SUSY at the LHC?

*+ At the LHC energies, using the
same techniques we should be able
to produce SUSY particles

* Primary difference is Tevatron is
Proton Anti-Proton, whereas LHC
is Proton Proton = More sensitive
to squark/gluino pair production if
the masses are accessible
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Experimental Constraints on mSUGRA

Higgs Mass (M,))

| ot 5" " w Branching Ratio b — sy

5

f/ ﬁ\\

b )Zit S

Magnetic Moment of Muon

: :
fyg If confirmed...

+ /\—\
oy

pov | 7
- WMAP Dark Matter
57

Favored region
Nijmegen " 09
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Only Limits on B> pup has sensitivity at
the Tevatron in these models

95% CL Limits on @ (B s — uu)
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Use a Giant Detector

— » I f,. s " Ex PIOded
e~ o N view” of the
Detector

All these
pieces slide
together

Actually there are
two different giant
detectors

R~ Huge

v ‘% Total weight: 12,500 tons
HUMAN "~ Overadll diameter: 15 m
Overall length: 21.6 m
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http://cmsdoc.cern.ch/cms/TRIDAS/html/CollisionSide.html

International Project
Roughly
2,500

scientists
from ~40
countries
around the
world on
this huge
project
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Everxone is excited!
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Detector Spokesperson describing the
experiment to Stephen Hawking
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From Swords to Plowshares

Workers in Murmansk sitting on brass casings of some
decommissioned shells of the Russian Northern Fleet

Used in building the detector!




Hypothetical Timeline
Today: Phenomenologist's use data :
on both the Dark Matter density |
and the Standard Model results
to constrain SUSY models »> Tell
the experimentalists at LHC
where to look

- 2010-12: First evidence for
SUSY particles at LHC

+ 2013-15: Establish that we live
in a Supersymmetric world

- 2015-2020: Precision
measurements of the particle
masses and SUSY parameters -
compare Dark Matter relic

densi‘r‘y predictions to those from
WMA

« 20?? Compare to Direct Detection
methods Does the SUSY LSP
has the same properties as the
dark matter in the Milky way?

2

Qgsusy M



Conclusions

The Tevatron continues to produce first
class results, but the LHC, our “$9
Billion window to the Universe”, is about
to start taking lots of data

If our understanding of Cosmology and
Particle Physics are correct then we
know what we are looking for and what
it should look like in our detectors!

Maybe something even more interesting
will show up as we recreate and study
the conditions right after the Big Bang
in collider experiments

The future is bright for Cosmo-Particle
Physics! But, we have a lot on our plate
as the LHC data starts to come inl
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Lots of Gaugino Pair Searches

Another possibility is to look for
Very Heavy Gauginos>WZ+Met->eejj+Met

- -
10 CDF run Il Preliminary 2.68fb” o Signal x10 P CDF run Il Preliminary 2.68fb
2 - Two Jet Invariant Mass —Data 2 - M,=1000, A,=0, tan(B)=10, 1>0
9] ‘ Bkgd = r
] | Eéaee o5 N
~ —TT - |
g2 | [ Wt & TE * P
: L + | 2
o mwz X T o7t 15 Prospino NLO
1 mww 21071 —e— O, Data Limit
= E Gy, Expected Limit
e F [ ] Ogse, Expected Limit +1
RSB e B I 640, Expected Limit £26
102 =
107 -
_I 1| | L 11 11| ‘ | | | 1 ‘ 11| | | 1 _3
20 40 60 80 100 120 140 160 180 200 220 240 107 =
Mij (GeV) T |
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Xz° mass (GeV)

No evidence of new physics > set limits
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