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Exotics from the Energy Frontier

« Exotics: Anything not described by the Standard Model

— Does not include the SM Higgs boson (Beate)
— Here: does not include non-SM Higgs (Beate)

* Not just ad hoc models
— Supersymmetry **
— Extra Dimensions **
— GUTs
— Little Higgs, etc.

s “Despite success of: SM motivation for, Exotics:is,;strong ...



Why EXxotics?

Gauge hierarchy problem: why is the EW scale so small?

— In SM, Higgs mass driven to high scale by loop corrections
Dark matter problem: what is the nature most of the matter in the
Universe?

— WMAP/ BBN: only 15% can be baryonic

Unification hypothesis: do the forces unify at a high scale?

— Running couplings suggest unification of Strong, EM and Weak at GUT
scale ~1015 GeV

— GUT gauge group broken into SM at one scale?

— What about gravity?
Completeness arguments: new symmetry (breaking)

— New continuous symmetries

— New fermions

— New gauge groups

— Symmetry breaking (e.g. baryon/lepton number, CP-violation etc.)
Ascetics: Nature abhors a vacuum = physics abhors a ‘desert’
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Plotting a Course

+ If exotics were easy to find they would not be exotic ...
— Standard Model was once exotic
— Now closer to home (LEP, SLD, B-factories, Tevatron, etc, etc, etc)

SM ~ 1980 M ~ 2006 T
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 Exotics must have:
1. High mass scale and/or
2. Small/exotic couplings to SM
« Two complementary strategies
1. High energies = Tevatron, LHC, (LC)
2. Large statistics = Large lumi, rare decays, precision tests of SM
« Some overlap through Uncertainty Principle (e.g. proton decay)
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Supersymmetry
* Supersymmetry (SUSY) fundamental f o
continuous symmetry connecting ‘O § coectBhnds 8 scesemmese =

fermions and bosons 7 o

(5)
Aal), -

Q[F>=[B>  Q,B>=|F> i\

- . : 4 «s= incl. low Q2 ata .
{Qa,QB}—-Z.y“aBpu. g(_eneratt?rs obey anti - —
commutation relations with 4-mom a7 ' | Winter 2006

. . 21 1
— Connection to space-time symmetry N /T 207 Gov
- SUSY stabilises Higgs mass against loop I Exouded N, £ | 95%CL)
30 100 30(

corrections (gauge hierarchy/fine-tuning
problem)

— Leads to Higgs mass <135 GeV

— Good agreement with LEP constraints from
EW global fits )

« SUSY modifies running of SM gauge
couplings ‘just enough’ to give Grand )
Unification at single scale. o

Log,,(Q/1 GeV)
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SUSY Spectrum

« SUSY gives rise to partners of SM states with opposite spin-statistics
but otherwise same Quantum Numbers.

« Expect SUSY
partners to
have same
masses as SM
states
— Not
observed

(despite best
efforts!)

— SUSY must
be a broken
symmetry at
low energy

 Higgs sector
also expanded
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SUSY & Dark Matter

. R-Parity Rp = (-1 )3B+23+|— mSUGRA A,=0,
1 tan(B) =10, u>0

] Ellls et'al hep phl0303043

'mh = 114 GeV E

Dlsfavopred by BR(b—sy) =

:(3.2 +0.8) e 10 (CLEO, BELLE)
|. l

» Conservation of R, 800 L
(motivated e.g. by string :
models) attractive ;

— e.g. protects proton from
rapid decay via SUSY states

« Causes Lightest SUSY
Particle (LSP) to be
absolutely stable

* LSP neutral/weakly
interacting to escape
astroparticle bounds on
anomalous heavy elements.

« Naturally provides solution to
dark matter problem

* R-Parity violating models still

possible = not covered here 00 200 300 400 500 600 700 00 900 1000
my, (GeV)
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SUSY Signatures

Q: What do we expect SUSY events @ hadron colliders to look like?
A: Look at typical decay chain:

Strongly interacting sparticles (squarks, gluinos) dominate
production.

Heavier than sleptons, gauginos etc. = cascade decays to LSP.
Potentially long decay chains and large mass differences
— Many high p; objects observed (leptons, jets, b-jets).

If R-Parity conserved LSP (lightest neutralino in mSUGRA) stable
and sparticles pair produced.

— Large E;™miss signature (c.f. W=1v).

Closest equivalent SM signature t-Wb.




SUSY @ Tevatron

T. Plehn et al.
- SUSY searches key goal of z 10 ] — _
Tevatron experiments < O[Pb]: PP — B2, 80, LT, FaX). ¥V, 98- K0
- Hadron collider = large cross- R Vs =2Tey
section for producing strongly 2 - 1o
interacting sparticles S
— Jets + E;Miss searches f
- But small kinematic reach: o2
— Limited p; separation from SM
hadronic backgrounds L ‘ﬂ‘ ki f[ . f GV

— Shortdecaychains give limited 100 150 200 250 Igm 150 qm 450 500
signal multiplicity (jets, leptons)

« Alternative: lower backgrounds

— Trilepton searches (gaugino q B~
production) q Z’lo
* Alternative: rare decays g _ K- It
- Bs')llll X W' s
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Run II: Jets + E miss

E.g. CDF Selection:

3 jets with E;>125 GeV, 75 GeV and
25 GeV

Missing E;>165 GeV

H.=> jet E; > 350 GeV

Missing E; not along a jet direction:
« Avoid jet mismeasurements

CDF Run 11 Preliminary, 254 pb* = Data

Blind Box edge I:I W. 7 WW

it

Events / 20 GeV
)

px¢
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18
Liﬁ g
Observe: 3, ‘ ],
Expect: 4.1¥1.5 [ 150 200 250 300
F; [GeV]
Background:

— WiZ+jets with W—lv or Z—vv
— Top
— QCD multijets
 Mismeasured jet energies lead
to missing E;
No excess observed

— Exclude regions of squark / gluino
mass plane (MSUGRA projection)
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LHC: Jets + Em'ss

* Inclusive searches with Jets + n leptons + E;™ss channel.
* Map statistical discovery reach in mSUGRA m,-m,,, parameter space.

- Sensitivity only weakly dependent on A, tan(3) and sign(u).
« Syst.+ stat. reach harder to assess: focus of current & future work.

MLy, (GEY)
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First SUSY parameter to be measured
may be mass scale:

— Cross-section weighted mean of
masses of initial sparticles.

Calculate distribution of 'effective
mass' variable defined as scalar sum
of jet p; and E;™iss.

Distribution peaked at ~ twice SUSY
mass scale for signal events.

Pseudo 'model-independent'
measurement.

Typical measurement error (syst+stat)
~10% for mSUGRA models for 10 fb-
using parton-shower MC.

Errors much greater with matrix
element calculation = an important
lesson ...

LHC: Jets + EMiss
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« Alternative approach at Tevatron:
reduce hadronic background with
multi-lepton requirement

« Sensitive to gaugino
(chargino/neutralino) production

« Analyses depend on SUSY model:

— Low tanf3:
« 2e+elu
¢ 2ute/u
— High tanp (BR(t ) enhanced):
« 2e+isolated track (1-prong 1)
« Other requirements (typical):
— Large E miss
- m;>15 GeV, m,,/é m,
— Njet<2

» Also under study for LHC (large m, /

Focus Point scenarii)
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Branching fraction

Search for y2y: — ee+l+X
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CDF Channel

Run Il: Trileptons

DQ: 6 channels, 3.85+0.75 exp, 4 obs

Search for x1x2 —3l+X D@, 320 pb ]

M) = M) = 2M(c); Misiepton) > Mi)  Preliminary
.'0" tanfi =3, p > 0, no slepton mixing

Example
signal

SM
expected

Obs

nu/e +1

0.7tb1) |2.3+0.3

1.2+0.2

ce+l

(350pb) | 0.5+0.06

0.2+0.05

o(x;x3) x BR(3I) (pb)

pu+l gow pt) (320pb) | 0.2+0.03

0.1+0.03

eet+trk

_Search for yyy;oppteln

(600pb) | 0.7+£0.03

0.5+0.1

il

Number of trilepton events / 2 GeV

_—L " mass: 113 GeV/c? 40
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Run Il B, 3up D&

« SM BR heavily suppressed: b MSSM e COF Preliminary | 780 pb’”
:;l:l_-”'l'l'l
BR(B, —» 1" 117)=(3.5£0.9)x10° X
(Dedes et al., hep-ph/020702a)

- SUSY enhancements ~ tan®()/m,* -
a) Mp=150, 40-0, x>0, me=175 Gev * Complementary to trilepton searches

* Preselection (CDF): /
— Two muons with p;:>1.5 GeV/c . : HH

« Search for excess in B, (also B,) mass

window

— Displaced dimuon vertex =43
- Sideband based background estimate
normalised to data B+—uu*t K*

HY/A°

entries / 20 MeV/c?

B, search window
B, search window

sdeb nd

£

54 56 5.8
M, I GeVic?

40

30

8 — 1(0) CMU(CMX) events observed,
_ = — 0.88% 0.30(0.39 * 0.21) CMU(CMX) exp.
;frgffpmnsz « Combined Limit:
— BR(B¢->uu)<1.0 x 107 at 95%C.L.
. i * Future Run Il limit ~2x10-8 (8 fb-1)
1K 150 EGUMiH:EFGEF:TUQ 350 400
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* Prospects for kinematic measurements at LHC: measure weak scale
SUSY parameters (masses etc.) using exclusive channels.

« Different philosophy to TeV Run Il (better S/B, longer decay chains)
- aim to use model-independent measures.

 Two neutral LSPs escape from each event
— Impossible to measure mass of each sparticle using one channel alone

 Use kinematic end-points to measure combinations of masses.

« Old technique used many times before (v mass from 3 decay
spectrum, W (transverse) mass in W-1v).

« Difference here is we don't know mass of neutral final state particles.




CMS

 When kinematically
accessible ¥, can undergo 5{02 """" )ZOI
sequential two-body decay
to %°, via a right-slepton
(e.g. LHC Point 5).

 Results in sharp OS SF

dilepton invariant mass Mo = 100 e
edge sensitive to T T T T T T 9 e TR WA = <300 GeV
) ] [ e*e- + u+u- — signal i Co. u B 0
combination of masses of “f_ . .~ _ - smackg - e -pte | «tan(B) =6
] - Point 5 --- BUBYbacky | 30 — sgn(y) = +1
sparticles. 2 oL ATLAS e :
S0 30 fb1 ;¢ -
 Can perform SM & SUSY & atlfast 1 5 fb""
background subtraction §* LI SU3 ;
. . . . § 0 Physics | ™ ]
using OF distribution fao | TDR -1 © ]
e*te" + Uty - ety - ute- T - L L A B I
. 0, = ao = 0 50 100 150 200
- Position of edge measured sy M, (Gev)
with precision ~ 0.5% - o [ MR [ M2GD)
MPax = M(X9) |1-——o~ [l-——— = 108.93 GeV
(30 fb-1). M2ADN  MP(Ig)
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LHC: Endpoint Measurements

Dilepton edge starting point for reconstruction of decay chain.
Make invariant mass combinations of leptons and jets.
Gives multiple constraints on combinations of four masses.

Sensitivity to individual sparticle masses.

- '[<ile.—3«ég=<3~fég—'M,-%f)]m'- ron o vz e AR R SABARARAE
o b " 52. . ME _[T} = 479.3 GeV. ] "q reshold j 100 :bbq edge— ;‘E‘“:;ckg ?
o "q edge —.£ Iq edge 1 2% error 5 1% error --- SUSY backg
S o [ 1% error 1€ [ 1% error |2 (100 fo-1)[2 " (100 Fb7) gpg
0 -1y 18 -1y {8 1% int 5-
% oo (100 fb ) % (100 fb ) | E TDR, | g Wb Point 5__
£ TDR g 20 = TDR Ak Point 5 ]
“F [ATLAS | Point 5 ATLASY Point5 | | 7P o LATLAS:
0 4] 'atlno' I-’J{Iﬂl I IB{JD E{I!ID I10.'3 0 I2[|JDI I I-ﬂfI!J[JI ' E:‘IIJIIJI I IE!IIIJ[JI I I‘I ot o Igun 4nn| Ianul BOD ol OO_IE' :rlgéilo‘ +.4(1!0]:1ll‘l‘léo;}l Lﬁ_‘f_xl):)'_h 1(_)03
Mg (GEY) M, (GeV) M,, (Gev) My, (GeV)
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N 1075 Gev

LHC: Higgs Signatures

Lightest Higgs particle produced
copiously in ¥°, decays if
kinematically allowed.

Prominent peak in bb invariant
mass distribution.

Possible discovery channel.

118 } m,=500 GeV,
CMS , m,,, = 500 GeV,
- ¥ tan(p) = 2,
=1 100 fb' | ) A,=0, u<0
268
§ ¥
iss 1 TOTRE 5 _ TP )
oo gt T T
A v
£ 2 m_r'_LH“-'_‘—r'"—lr'J_L'_‘J_
8 i, ———

A =0, tanf=30, p=0

&

L L]

.............




LHC: Sparticle Masses

Mass (GeV)

CMS?

1 1
200 250 300

Mass (GeV)

1
650 700 750

Expected precision (100 fb™")

Combi ts from ed Fom ) £ =)
ompine measurements frrom edges : )—zo < :
= = £ = 1 g wa =
from different jet/lepton G
- - - s - | ATLAS MR
combinations to obtain ‘model- ok wr
independent’ mass measurements. ams | oses |-
Releled edpe Kinemeliv endpuiut 05; ' “lm ' 15',,, ' 2,',, 50 n“;
oedge | (n?= G- BE-0/0 . Mass (GeV) .
> C > 002 -
max [[ﬁ—f?[&’—;i? {g-hii-z) Eﬁi—ég”:.'llié'—?’::l] :'i oms - ' E 0m7s |
. s A ) 8 c ~0 - :
'17g edge {mife")" = { cxcept. for the special case in which £ ¢ §§ < €2 and g om - X 9 | § o F
£%% < ¢ where one must use [y — mﬂ]?'. aos = 0.0125 E—
o _ g ATLAS W E
Xq nige (e =X+ (i - &) [$+3"—?'{+\,XE$—X—?'{)%—“'XYJ /(2£) o [ 0075 £
r 0005
- - [ 20— HE-%) + (F+E-Hi -3 oms -
1*1=g threshnld [mﬁ{[‘“F: P vy a—" . - C E
{ l:ﬂ' EJ\JJ{‘E‘Fﬁ ('E‘l'l:] TBET% R ].I‘I{#fj LHCC 015n I z||m I z;n I 3||m I -0
e Alge | ()= (- 8- D¢ Point 5 Mass (GeV)
g etae (mpt = (g— - %)/ Sparticle
Fog higholge | (mif,)? = max (P, )%, (mFe) ) a. + 3%
g lowedge | (mT, )% = min (w2507, (5 - &4 - 21/ - 7] '55 ; + 6%
My enlpm AM =y — g IR i 9%
Table 4: The sbaalute kmemnatic endpainte of mvariant mesa quantities fomed fromm decay <hains x01 i 12%

ulthe by pes nentioned o the teed De koow paebicle rnases, The Eluwing shorthaned aotatisn has
been used: ¥ = m’!".:n._?: mj.-;,'fv: :rraég,ﬁ: mg wnd X is mﬁ o1 m% depending en which particle
participates in the Tbranched” decay.
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Extra Dimensions

M-theory/Strings = compactified Extra Dimensions (EDs)
Q: Why is gravity weak compared to gauge fields (hierarchy)?
A: It isn’t, but gravity ‘leaks’ into EDs.

Possibility of Quantum Gravity effects at TeV scale colliders
Variety of ED models studied (a few examples follow):

Large (>> TeV-)
— Only gravity propagates in the EDs, Meff,,__ . ~M, ..
— Signature: Direct or virtual production of Gravitons

TeV-1
— SM gauge fields also propagate in EDs
— Signature: 4D Kaluza-Klein excitations of gauge fields

Warped
— Warped metric with 1 ED
- Me!ffPIanckMMweak y
— Signature: 4D KK excitations of Graviton (also Radion scalar)




un II: Warpe
L.Randall and R.Sundrum, Phys.Rev.Lett. 83 (1999) 3370-3373; Phys.Rev.Lett.83 (1999) 4690-4693
« Concentrate on graviton decaying to two 1052 D@ Runll, 275 pba)
electrons or two photons — T st
 Backgrounds:
— Drell-Yan ee, direct yy production
— Jets: fake e, %>y,

Il QCD Background
£ 300 GeV RS Graviton

- Data consistent with background

* Limits on coupling (kIMPI ) VS m(1St KK- mOde) 1077700 200 300 400 500 600 700 800

DIiEM Mass (GeV)

RS Graviton Searches, 95% C.L. Exclusion Regions
0.1

-
(=]
B

Events / 10 Ge
3,

Diphoton RS Graviton Search

CDF Run Il Preliminary, 345 pb™
Data, E>15GeV, n|<1.04

= Total Background + 1o

[ sMyy (Diphox NLO)

dN/dM (1/GeVic’)
-]

Decay mode

[ dimuon {200 b

B dielectron (200 pb')
[ diphoton (345 pb ™)
1 I 1 1 1 1 I
600 T00

lI{I‘IIlIIII|IillllilllIlI]IIIlIIIIII.

i "'::.;. 0.01 I I I I L1
400 500 600 700 80( 300 400 500
Graviton Mass (GeV) Graviton Mass (GeV/c")
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m(yy) (GeVic’)




LHC: Warped ED

L.Randall and R.Sundrum, Phys.Rev.Lett. 83 (1999) 3370-3373; Phys.Rev.Lett.83 (1999) 4690-4693

Search for gg(qq) = G
- e*e~. ATLAS study
using test model with
k/M;=0.01 (narrow
resonance).

Signal seen for mass in
range [0.5,2.08] TeV for
k/M;,=0.01.

Measure spin
(distinguish from Z’)
using polar angle
distribution of e*e".

Measure shape with
likelihood technique.
Can distinguish spin 2
vs. spin 1 at 90% CL for
mass up to 1.72 TeV.

Events/4 GeV

®*'m,=1.5Te [signa
16|

[ 100 fb"’ Elsm
12

ATLAS
ol «——»
6/ Experimental
at ' resolution *

1460 1480 1500 1520 1540
e'e” Pair Mass (GeV)

'm, =1.5TeV 100 fb-!

10

10 ¢

1 ATLAS

A Test model cross section
® Cross section limit

100 fb-1

" 1 1 1
500 1000 1500 2000
Graviton mass (GeV)

A Test model cross section
® 90%CL
¥ 95%CL
B 99% CL

100 fb-!

ATLAS

£ 1 L L ! L L N | L 1 L
500 1000 1500 2000
Graviton mass (GeV)
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Run II: Large ED

Antoniadis, Benakli and Quiros, PLB331 (1994) 313; Arkani-Hamed, Dimopoulos and Dvali, PLB429 (1998) 263

 With o EDs of size R, observed Newton constant related to
fundamental scale of gravity M,:

G\ '=8ntR3M,2*?
- Search for direct graviton production in jet(y) + E;™ss channel.

Signal : graviton + 1

0 jet production | M, Lower Limit (95%CL) | 1 !CDF
— Data Main background: e CDF Il Preliminary (368 pb) %E&ERUHI)
40 — SM Prediction Jet + Z(W) [Z > wv ;
)
CDF Il Preliminary (368 pb") W - IV]

Events / 10 GeV
(23
(=]

L]
(=)

qlg G . = 4
alg .

3 4 5
EV%?"lt Misgisplg E éﬁeﬂv 30 400 Number of Extra Dimensions
T,

-
=]
Ll

rrrrrrrrrrrrrrrr

0100 150

*E;(j1) >150GeV, ET(j2)<60 GeV,
*E Miss>120 GeV,
*no leptons,
*E;™ss jsolation

Expected: 26530, Observed: 263
My> 0.85, 0.83 TeV (95%CL) for 6=5,6
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CMS

LHC: Large ED

Antoniadis, Benakli and Quiros, PLB331 (1994) 313; Arkani-Hamed, Dimopoulos and Dvali, PLB429 (1998) 263

 With o EDs of size R, observed Newton constant related to
fundamental scale of gravity M,:

G\ '=8ntR3M,2*?
- Search for direct graviton production in jet(y) + E;™ss channel.

3 [1Gg—>90G,q9~>qG,qq~>Gg || . . . " E
$ 979599795997 P9 | gignal : graviton +1jet 3 [ 8,0, =585 100
S H iwiev), iwiw) . = 11 [ ATLFAST
% 10°L ATLAS . productlon = - P 8,,>5,8> 100
. @fw‘“’ Main background: . 100fb ATLAS
UF Single jet, " Jet+Z(W)[Z>vwW,W~=>1Iv] F
L 100 fb_1 = total background E
Phoniotiggt ¥9 g ST "E e
103 A signal 3=3 M, =5 TeV ; LI
m signal 3=4 M, =5TeV q/g qk
ot Mp™aX (E;>1 TeV, 100 fot) [¢ foe 777 rmen 8
=9.1,7.0,6.0 TeV b e
! o 250 500 750 1000 ‘ 1250' ~ |150c; ' 1%50 for 5=2!3!4 a E| |£|‘T|11.I:erll1lyfﬂ|rlﬂtl1l | |cll.“|9|‘ I AR A A
ETmiss {GeV) 20 400 800 &0 1000 1200 1400 1800 1800

jet
ET-: ut {GE“
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LHC: Black Hole Signatures

Dimopoulos and Landsberg PRL87 (2001) 161602

- Inlarge ED (ADD) scenario, when
impact parameter smaller than
Schwartzschild radius Black Hole
produced with potentially large x-sec
(~100 pb).

 Decays democratically through Black
Body radiation of SM states —
Boltzmann energy distribution.

ATLAS Atlantis

 Discovery potential
(preliminary)
- M,<~4TeV > <~1day
- M,<~6TeV > <~1year
« Studies continue ...




News from the Frontier

* Exotics searches well underway at Tevatron
 Many new results improving on Run | / LEP sensitivity
« Statistics increasing rapidly now
« So far no sight of land

 New searches commencing next year. at LHC
« Good prospects for exciting discoveries
* EXxciting times ahead!



BACK-UP SLIDES




I

NON STANDARDS
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Model Framework

 Minimal Supersymmetric Extension of the Standard Model (MSSM)
contains > 105 free parameters, NMSSM etc. has more - difficult to
map complete parameter space!

« Assume specific well-motivated model framework in which generic
signatures can be studied.

« Often assume SUSY broken by gravitational interactions -
MSUGRA/CMSSM framework : unified masses and coupllngs at the

GUT scale - 5 free parameters - ML
800 a0 EI‘#
( ’ ’ ’ ’ ) _ %
* R-Parity assumed to be conserved. S “
« Exclusive studies use benchmark H g
points in mMSUGRA parameter space:

« LHCC Points 1-6;
« Post-LEP benchmarks (Battaglia et al.); ¢ **
« Snowmass Points and Slopes (SPS);
 etc...

My g (GeV)

400 A0

200 F==4%

o %
0 500 1400 1500 2000 1} 500 1000 1500 2000
my {GeV) g, {(GeV)
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Run II: Stop/Sbottom

Inclusive Double B-Tagged Events

 Lower mass than ‘light’

: ;6 CDF Run Il Preliminary, 156pb™
squarks / gluinos esp. o 1
at large tan(p) / A, 2 B oD it
° i e B Top
o
generic jets + E_miss ks Expect:2.6%£0.7
T e Observe: 4
channel E
Glluilru::! — E?.,bl, 95:% .E'.L'. E:I-cc!uslinln 'r‘r.””.- 1I5F;I‘:1:|ll:|'l
EBD—E EEE:;E:};W COF Run 1| Freliminary - ¢80 700 T80 200 250

Missing E; [GeV]

E 260 m(§ =500 gevie .

@ 2401 t+« CDF sbottom search

E 2204 .+ Sbottom signature: b production

% EDG_ {incl. double tag) _ + ETmiss> 80 Gev

K .+ Assume:
140] f_ — light gluino: sbottom produced in
1201 COF Run | excludad g cascade
00— : — BR(g->bb)=100%

180 200 220 240 260 280
Gluino mass [ GeV/c?]
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D@: Stop Searches

Low mass stop squarks well-

motivated: can co-annihilate with

", to give observed DM density
0

X

-

1

C
C
“"a 0
xl

Requires small t, - x°, mass

difference =» decays to charm

Search for 2 c-jets and large E;™'ss.
— E;(jet)>35, 25 GeV

— E Miss>55 GeV

Main backgrounds:

— Z#jj > vjj, WHjj & wjj

Dan Tovey 33

Cross Section (pb)

Events/5 GeV

10°

10

T A ~0
Search for tt, (t, > cyx,)

6

E CDF Run Il Preliminary, 163 pb'1
51—

C -+ Data
4 [ qcomultijet

L D W/Z+jets, Top, diboson
3 — -

- "‘L.l- |:| t, (110 GeV/c?), 1} (40 GeVic)
= MLl T | Expect:8.3+2.3-1.7
na LL | Observe: 11

C |__|__L
0: |1|]|_DqE_A_A]_A|||||\|||||
40 60 80 100 120 140 160 180 200

Missina E. (GeV)
r Theory Cross Section (Prospino)
--- CTEQ 5M, Q=m(t,)

[] cTEQ 5M, Q=0.5m(t,), 2m(t,)

e
1T, III|

—»— CDF 95% C.L. Upper Limit

M(x,)=50 GeV

CDF Run Il Preliminary, 163 pb'1

| 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1
60 80 100 120 140 160
Stop Mass {GeV/c')
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CMS

Full Simulation

* Full Geant4 simulation of signals + 3 - 4.20 fb™ LT
backgrounds now priority. 5 [ Nocuts H B e
c 50 at
* Invariant mass of dilepton+jet g o | trendpotnt
bounded by M, ,m"=271.8 GeV and i ATLAS
g =501 GeV S0F Preliminary
* Leptons combined with two jets o Su3
with highest p; 107

$ lepton Edge JH f& &Tﬁ H m* ras)
(100304 GeV T ] )

\\‘\\\‘\\\‘\\\
0 20 40 60 80 100 120 140 160 180 200

* Flavour subtraction & efficiency op +
correction applied

: Larger of M(llq) | ; .¢ " = 100 GeV
DS wp I S 60F- m e
%g & ATLAS 3 F Smaller .m, , = 300 GeV
>E M 4.20 fb- g2 b of M(llq) | A=:300Gev
L @ 1(2):Prellm|nary 211 00+2|1 0 G 40f .tan(B) =6

10° : -sgn(u) =

o 3(?05_
T 27 4.20 fb-1
2 ATLAS 2j100+2110
ngmﬂ'ﬂ‘d"é@g"aéd"s&' et et | O ° Preliminary
0 200 400 600 o icayy © ° Ly N R sl
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Sbottom Mass

* Following measurement of squark,
slepton and neutralino masses
move up decay chain and study

35

Il susy

Events / 28 GeV

30 |
! [

CMS

ID
Entries
Mean
RMS

103
291
504.6
152.8

alternative chains.

Post_-LEP Point B:
« One possibility: require b-tagged m,=100 GeV,
PR " : m,, = 250 GeV,
jet in addition to dileptons. tarie) = 10,
« Give sensitivity to sbottom mass A=0, p>0

2538 / 20
0.3074E-13
-0.1512E+16
0.2550E+13
0.2699E+11
-0.6571E-02
25.57

500.1

42.22

15

] ks). :
(but actually two peaks) 10 fb-

10

0 200

M(b,)® 5xBR(b,)+M(b,)®cxBR(b,)

M(b) = =503.9 GeV

5xBR(b,)+05xBR(b,)
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CMS

800 1000

M(x3 b) (GeV)

M(%,b) =500£7 GeV

Warwick, April 2006



CMS

Gluino Mass

« Can also move further up the decay chain to ¢ [Mx,;bb) =915 GeV
gain sensitivity to gluino mass. El - Pl
 Can use either light squark decay or sbottom 1300 fb-1 | .
(as here). .
] ] - } Post-LEP|
« Problem with large error on input ¥°, mass PointB |
remains - solve by reconstructing difference )
of gluino and squark/sbottom masses. ) N L.
+ Allows separation of b, and b, with 300 fb-1. S
[ —m— 1 Post-LEP
Sbottom Chain Squark Chain s : ::: ’ Point B

10 fb-! 60 fb*! 300 fb-! 10 fb! 60 fb-" 300 fb"

M(sbottom) 5007 50214 497%2 M(squark) 53610 53212 536%1

o(sbottom) 4215 414 3613 o(squark) 60£9 361 31#1

M(gluino) 59417 59214 5913 M(gluino) 59217 59512 59012

6(gluino) 4217 463 393 o(gluino) 755 5942 5912

M(gl)-M(sb) 9243 88+2 90+2 M(gl)-M(sq) 5743 4742 44+2

o(gl-sb) 1714 20£2 23£2 o(gl-sq) 943 165 1142

. Y
o 20 40 60 80 100 120 140
M(3 b b) - M(x} b) (GeV)
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CMS

LHC: Model Parameters

« Alternative use for SUSY observables (invariant mass end-points,
thresholds etc.).

« Here assume mSUGRA/CMSSM model and perform global fit of model
parameters to observables

— So far mostly private codes but e.g. SFITTER, FITTINO now on the market;
— c.f. global EW fits at LEP, ZFITTER, TOPAZO0 etc.

Point m, [m,,| A, | tan(B) | sign(u)
LHC Point5 (100 (300 {300 | 2 +1 __
SPS1a 100 (250 |-100 10 +1 Variable Value (GeV) | Stat. (GeV) | Scale (GeV) | Total
e 7707 0.8 008 0.08
miges 4285 14 4.3 45
mi 300.3 09 3.0 3.1
\;:> b 3780 10 3.8 3.9
min 201.9 16 2.0 2.6
min 1831 36 18 41
m(f) — m(x?) 106.1 16 0.1 16
mns (32) 2809 23 0.3 2.3
e 80.6 50 0.8 5.1
. 1 m() — 099 x m(%x}) | 5000 23 6.0 6.4
Parameter Expected precision (300 fb-") “"‘Eqi‘;""&f’"ﬁ” 4242 100 12 | 109
m, + 2% m(ﬁ)_m(é) 706 25 07 26
my, + 0.6%
tan(p) + 9%
A, +16%
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CMS

LHC: SUSY Dark Matter

« Can use parameter measurements Baer et al. hep-ph/0305191
for many purposes, e.g. estimate mSLUGRATan =104 =0, >0
LSP Dark Matter properties (e.g. .2
for 300 fb-1, SPS1a)

- Q h%?=0.1921 £ 0.0053 "]

h .

LHC Point 5: >50 error (300 fb-1) ~

d'.i-
.'-.
\ 1 \ .-d-'_.

- Iy
~ 10g,(0,,/pb) = -8.17 + 0.04 SPS1a: >56 A
0.8 - i *
2 100 g T T T T 1000 e T T T T T S'" error (300 fb 1) EH:?ﬁ’——_r _!4/ =
11 yYi——rrIrra T T . - -
Micromegas 1.1 1 || DarkSUSY 3.14.02 = =10-1+pb r,.."":;?__
¥ wl (Belanger et al.) L " || (Gondolo et al.) x08 o 5
. | +ISASUGRA7.69 | ™ |+ISASUGRA7.69 | E ’
' 0.4
800
600 - pr
i | op
“ 300 fb-! |
| 400 - 1
a0 ATLAS
: : o5 1 15 2 p5 3 35 4 45 &
I 200 - J mﬂl,’Ta‘l.l']
20 - _ L —my=tdi ey aBUBVHe'® Brboeaiot
: ‘ — BB, )10 ooadaIl <0 iz Sagas
o Jhﬁ e poee 100 0 L 1

L el b b by by [0 I 0
%.170.1750.180.1850.190.195 02 0.2050.21 021502 -8.4 -8.35 -83 -8.25 -8.2 -8.15 -8.1 -8.05 -8 -795-7.9
on log,gfo, /1 pb)
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ee +uu - eu Entries / 2 GeV

: + MC Data
ol ; JrJ”Jf ot b
L T
0 50 100 150 200
« Two edges from: M, (GeV)
QI VN |
A L X
0 ~/
Ao 7 R 7 IZl

200[

150

50

20.6 fb1  ATLAS
No cuts Preliminary

MC Truth, I

MC Truth, I,
i

Dan Tovey

CMS

Full Simulation

10°

20.6 fb-
No cuts Soft lepton
/

107} s

Entries / 4 GeV

F

rd lepton

lOé‘ i T SR

S E A I 1 ATLAS i

: iiE Preliminary
:m, = 70 GeV ” BT R R §
° — | 1 i: |: ::I: Ell EJ E:L :Eli Il il E:I A :
iz =390 GV Ee 100 150 200

0
«tan(f) =10 p. (GeV)
T,

*sgn(u) = +1

Each slepton is close in mass
to one of the neutralinos — one
of the leptons is soft
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CMS

LHC: SUSY Dark Matter

« SUSY (e.g. mSUGRA) parameter space strongly constrained by
cosmology (e.g. WMAP satellite) data. | mSUGRA A,=0, /glepton - \

tan(B) = 10, u>0 s

200

KFocus point' ! Ellis et'al. hep-ph/0303043 ::nilc?rlr"alt_lglg
region: significant ' imy, =114 GeV Jkelle
R component to ; i pure Bino. Small
LSP enhances i slepton-LSP
annihilation to E ! mass difference
gauge bosons )| My =104 GeV makes

N b : 7, T measurements

difficult. /

ﬁBqu' region: t- \

channel slepton
exchange - LSP
mostly Bino.
'Bread and Butter'
region for LHC

500 600 700

\Expts. //ﬂ
my;, (GeV)

Dan Tovey 40 Warwick, April 2006

Also 'rapid \
annihilation funnel’
at Higgs pole at

high tan(p), stop
co-annihilation
region at large A0/

200 300 400 200




LHC: Coannihilation Models %

Small slepton-neutralino mass e
difference gives soft leptons : :

« E,miss>300 GeV
— Low electron/muon/tau energy . 2 OSSF |ept:ns
thresholds crucial.

P,>10 GeV
+ Study point chosen within region: - >1 Jet with P>150
— m,=70 GeV; m,,=350 GeV; A,=0; 150

o
o
I

ATLAS

5 GeV/100,fb”
S &
Q-0

%)
o
o
TTTITTTITITIT T I T T ITIT TTTTTTTT
RIE SRR AR HERGRE

avents/
(5]
a
o

GeV
- OSSF-OSOF

tanR=10 ; p>0; el o subtraction applied
— Same model used for DC2study. ([ o

- Decays of ¥°, to both I, and T - = srosonoaim
kinematically allowed. L rinvaranimass |

1
-
-3
o

— Double dilepton invariant mass
edge structure;

— Edges expected at 57 / 101 GeV
- Stau channels enhanced (tanp)

— Soft tau signatures;

— Edge expected at 79 GeV;

— Less clear due to poor tau visible

- 0 : 1 L 1 1 . 1 1 1 r | L 1 L
energy resolution. 0 =2 o i B0 oS-SS m.. Gev '

ATLAS | ° ETmiSS>300 GeV
* 1 tau P;>40
GeV;1 tau P;<25
GeV

* >1 jet with
P;>100 GeV

* SS tau
subtraction

=~ 100 fb-1

N
[=]
I

avants/3 gavngo -3
o
o

=]
o
LI LI L L L

20 Preliminary
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CMS

LHC: Focus Point Models

- Large m, = sfermions are heavy
* Most useful signatures from heavy neutralino decay
« Study point chosen within focus point region :
— m,=3550 GeV; m,,=300 GeV; A,=0; tan=10 ; u>0
- Direct three-body decays ¥°. — %, Il
- Edges give m(¥°,)-m(x?,) : flavour subtraction applied

dI’ M2 — M2 (u2+ M2 M)2
~ ~ ~ ~ ZO — " ’ = CNOI‘mA/[inV \/ - 1:1;(“ 2 2) i (p‘ ) '
XO —> XO " XO — XO " I dJLjinV (ﬁ’finv - Tn’Z)

2 1 3 1 27 ndf 3471735 4 2 9 2 2
\, \ Prob 0.4821 ’ [72A/Iinv + A/Iinv(zﬂ/f + ) + (“Aj) } :
£ 300 po 72.05 +10.37
T - pl 60.05 + 8.66
W gl 2 -68.42 % 92. — —
250 ATLAS Es efg;% ig g.gg M = mA+mB = m,-mMg
C p4 77.56 + 0.95
*°£300 fb-1 |
C Parameter Without cuts Exp. value
150:— 4\» 4\'
100 M, 68+92 103.35
sof- b H M,-M, 57.7+1.0 57.03
- . +
Prelimina f Wt
ofrT TIGWMRAN - P T T M,-M, 77.6+1.0 76.41
0 20 40 60 80 100 120
Min, (GeV)
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LHC: SUSY Spin Measurement %

 Q: How do we know that a SUSY signal is really due to SUSY?
— Other models (e.g. UED) can mimic SUSY mass spectrum

« A: Measure spin of new particles.

 One proposal — use ‘standard’ two-body slepton decay chain
— charge asymmetry of Iq pairs measures spin of 9,
— relies on valence quark contribution to pdf of proton (C asymmetry)
— shape of dilepton invariant mass spectrum measures slepton spin

Spin-0 Measure
Angle

Spin-',

mostly wmoSpIn 0

Dan Tovey

Spin-1/z,
mostly bino

0.2

0.15

0.1

0.05

0

-0.05

0.1

-0.15

150 fb -1

100 200 300 400
m, [ GeV

2000 |
1750 |

1500
1250
1000

750

500 |
250 |

0 ki
0

4
5+
" Straight |

Point 5 {o

);}I

ATLAS M :+
150 fb - t

); |

# I

o I

|

" line dist" 1*

7 (phase:space) 1 ..

20 40 60 80 100 120
m, / GeV
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Run Il: Resonances

Generic signature:
— Resonances: Higgs,

Sneutrino (Spin-0),

Spin-1: Z’, W’ (Spin-1),

Events/10 GeV/c?
=

CDF Run II Prellmlnary (448 pb 1)
R [18_‘ -

>14

o 10

Mg, (GeVic?)

= T

200 250 300 350 100 450

Events/10 GeV/c®
s

Z,

1 T T -
. Data —
(Sl\fl) D Poisson Slat. Uncertainty B
—_— e MG
" ijer background
Qther backgrounds

Randall-Sundrum 10 50 100 150 200 250 300 350 400 450 - Em
) - M., (GeV/c?) (GeV/c?)
GraVIton (Spln_Z), _ ‘C1DF Run 1l Prenmlinary{-w? pn":l - 3 D.B: |
— Enhancements: Large 08 £| ::,‘,imeus.p,‘ ] « D.B;— P «
[ | =] Poisson Stat. Uncertainty . s 0.4F
ED (ADD), contact a _ I og
interactions : ' " RN Iy :
* Dielectron mass and A g | e | [—— i
. 04F _ E E
show no evidence of 50 100 200 400 'ejuo 0.8 100 400 600
excess M., (GeV/c?) M. (GeVic)

Contact interactions ggee § ) ij=L,R —Qﬂ’f__ et eigivug;
i
CDF RunlI Preliminary (448 pb!)

« Limits on Z’ (peak) from
650 GeV (Z,) — 850 GeV

(SM) Interaction LL]{LR[RL[RR[VV]AA
o ] A7 limit (TeV/c*)[3.7[4.7[4.5[3.9[5.6[ 7.8 Fe
 Limit qqee couplings: Ay, limit (TeV/c”)[5.9]5.55.8]5.6|8.7] 7.8

W=LL+LR+RL+RR; AA = LL+RR-RL-LR

Dan Tovey
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LHC: TeV-' Scale ED

Usual 4D + small (TeV-') EDs + large EDs
(>> TeV)

SM fermions on 3-brane, SM gauge bosons on

4D+small EDs, gravitons everywhere.

4D Kaluza-Klein excitations of SM gauge
bosons (here assume 1 small ED).
Masses of KK modes given by:

M, 2=(nM)2+M,?
for compactification scale M, and SM mass M,
Look for I*l-decays of yand Z° KK modes.
Also lv decays (m;) of W*- KK modes.

« 50 reach for 100 fb-!' ~ 5.8 TeV (Z/y)
~6 TeV (W)
« For 300 fb1 I'l- peak detected if
M. <13.5 TeV (95% CL).

Events/50 GeV/100 fb™

1 HE £ [ * L
2000 4000

ev—Mc=4 eV

. 100 fb! — =

nts/50 GeV/100 b’

Eve

—_
(]

......... Top

JLIHW H[L o ,~:

| | i |
4000 6000

my (GeV)
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Little Higgs Models

« Solves hierarchy problem by cancelling loop corrections (top,
WI/Z, Higgs loops) to the Higgs mass with new states.

 New states derived from extended gauge group rather than new
continuous symmetry (c.f. SUSY).

- ‘Littlest Higgs’ model contains ‘not too little, not too much, but
just enough’ extra gauge symmetry [SU(2),®U(1),]®[SU(2), ®U(1),]:
— Electroweak singlet T quark (top loop) — mixes with top;
— New gauge bosons W,;, A,,, Z,, (W/Z loops);
— New SU(2), triplet scalars, including neutral, singly charged, doubly
charged ¢ (Higgs loops).

 Requirement that these states protect Higgs from large
corrections limits their masses: Af

— T quark~1TeV,; t, O Ty i
- W, A, Z,~1TeV,; s . A
t,

Ar h
— 99, ¢, ¢*+-~ 10 TeV. hoa b

2
AZ A 2 A2
T 1on= —Aiem
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Littlest Higgs Model

« Searches for/measurements of new particles studied.

Azuelos et al.,, SN-ATLAS-2004-038

 For T quark single production assumed.

* Yukawa couplings governed by 3 parameters (m,, m,,
A /\,) — top mass eigenstate is mixture of t and T:

A@(Qht + fT t hh")+ A4, f (T, T,)

K,Z

« Decays: I'(T > thy=T(T —>tZ)=%r(T = bW)=—M;
/4

4r

ss- T — Zt — 44 Lvb
3

25F

Events / 300fb-1 / 40 GeV

2
1.5
1t

0.5F

0 500

1000

1500

ATLAS—

2000

Invariant Mass (GeV)

Dan Tovey

Events / 300fb-1/ 40 GeV

ATLAS

4001

3501

300F
250[
200)-
1500
100[

50F

500

T—->Wb—>/vb

1000 1500 2001

Invariant Mass (GeV)

47

Events/30 GeV/300 ib”

50

'S
=]

30

20

—_
o

0

b T

Mass{jjiev) (GeV)
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tand’

Heavy Gauge Bosons

*W,, Z,,, A, arise
from [SU2) ® U(1))?
symmetry

— 2 mixing angles
(like ©,,): 6 for Z,,
0’ for A,

A, o e’e”

Events/10 GeV/100 fb™!

reach for 300 fb™'

2 F I T |

ATLAS

1.5

0.5

Branching Ratio

8
<]

1000 1500 2000
m{A, ) (GeV)

Dan Tovey

2500

3000

—
<
na

—_
o

sy

10

cotd

E I T T | T T T | T =
L — ZHcota=0.2 |
L — Drell-Yan
Ev o v b by b o 1473
1600 1800 2000 2200 2400
m,, (GeV)
W, —ev 5 o reach for 300 fb™
2 T I 1 I I I 1 I ¥ I I
15 —
1 —
05—
!

Azuelos et aI

colf

Events/20 GeV/100fb™

1.5

05

—_
(=]

—_
(=]

|T| T I|\|I||! 1 IIIIIIII

—_

n

-
Qo
=] mER
o

SN-ATLAS-2004 038

ATLAS

T T
| | WlH cote=0.2
W, cote=0.5
Drell-Yan
top

1500 2000

m, (GeV)

2500

Z, —> e'e” reach for 300 fb~'

4000
m(Z,,) (GeV)
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1S

decay width fit cos_theta janfp1.5¢hi

—theta star
- - -theta error
---theta z

10°
_chi 1200

M. Schaefer
different models
full sim. in progress

102 --otg 1000

800

10 600
- !
— 400 1 .
1= i
- 200
| 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I

oL T A A NN U R A ST A ST N A AR N AT O N A
10300 1000 1200 1400 1600 1800 2000 0 05 0 0.5
MIl/GeV

T T T 66 ]

so [ AERRAREAS N T ARRAE RS RRRST ol . Esre 8787
I Entries i878 | I Mean 1848,
Mean 1871. 1 4 RMS 327.2
a0 = 1€ e rdl . 1582 E.2] ai | Canstant 2777
. aumer ] ::{onsl.am g.-f I Mean 2012. ]
- . [ Mean 001. ] L Si 55.71 1
full simulation R e e R | Sigma
i . o] | 27 > e'e
0 [ n. Mass -+ - 10 b’
| ﬂ E 10 — &;I.M[am S LT oY TSI SRR P .
101 """" 7] 5 i Al
e | | g |,
%000 1250 1300 1750 2000 2250 2500 2750 3000 Qoob 1250 1500 1750 2000 2250 3300 3750 3000

mase 2V



lilqg Edge

Dilepton edges provide starting point for other measurements.

Use dilepton signature to tag presence of %%, in event, then work back
up decay chain constructing invariant mass distributions of

combinations of leptons and jets.

e.g. LHC Point 5

Hardest jets in each event produced
by RH or LH squark decays.

Select smaller of two llq invariant
masses from two hardest jets

— Mass must be < edge position.
Edge sensitive to LH squark mass.

Events/20 Gav 00 !

(M2 - MZ,)(MZ, - M2,)7'/2
M = { oMK M ] = 5524 GeV.

T I LI I LI | T T T I T LI
ATLAS

1% error
(100 fb-1)

Physics
TDR

Point 5

| | 1 1 1 ]
400 BOO 1000
Myq (GEV)

800




Iq Edge

« Complex decay chain at LHC Point 5 gives =011
additional constraints on masses. - ATLAS ]
200 - >
 Use lepton-jet combinations in addition to - .
lepton-lepton combinations. 30 F E
« Select events with only one dilepton-jet S o [ o
. . . . . g Point 5 -
pairing consistent with slepton hypothesis ]
- Require one llg mass above edge and one iy ?3‘,’:'“ -
below (reduces combinatorics). T, ST
a 200 400 BOO 800 10008
My, (Gav)
N L L L L L LA
(ATLAS | - [A2525 40560, » - Construct distribution of
2 . invariant masses of 'slepton’
g 40 - 1% error | (ot with h lept
E (100 fb-1)_ Je Wi eacC ep on.
. Physics | + 'Right' edge sensitive to
“ TDR slepton, squark and %9,
Point 5 masses (‘wrong' edge not
0 | I |

Warwick, April 2006
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o} 200
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400 BOD BDD 100D
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Hq eage

« If tan(B) not too large can also observe two body decay of %%, to
higgs and ¥°,.

« Reconstruct higgs mass (2 b-jets) and combine with hard jet.

« Gives additional mass constraint.

B L I | L I L I L I LI i
100 -_ ATLAS — signal _-
_ - SMbackg
N | .. SUSY backg
X’ - :
= — . —
L 37 Point5
= i
@ L -
2 ol 1% error -
! (100 fb-1)
[ Physics _
25~ TDR N
0:||.|| |”| I:..l-J R i ]
0 20 400 4] 800 1000

My, (GeV)



liq Threshold

L} L I L LI L LI I L L} L} LI I L] L LI L]

 Two body kinematics of slepton- E T ]
mediated decay chain also provides  “°[ ATLAS S
still further information (Point 5). = b ﬂl E
] -~ e - _ Physics -
« Consider case where %%, produced g - " TDR
near rest in %°, frame. s [ Point5
® Dilepton mass near maximal. 100 |- —
»>  p(ll) determined by p(%°,). | e !
g 50 100 150 200
300 T T T T my G
- ATLAS Physics - « Distribution of llq invariant
) TDR ] L s
200 — Point 5 _ masses distribution has

2% error maximum and minimum (when
quark and dilepton paraliel).

(100 fb-') -

* llq threshold important as
contains new dependence on
s A see " aee " Tooo mass of lightest neutralino.

Evertsi2D GeV/100 b

-k

Q

Q
I|II|IIII|

Qo
=]




Mass Reconstruction

« Combine measurements from
edges from different
jet/lepton combinations.

Releled edge Kinemetic endpuint

1™ edge )t = (- DI - )
max [Eﬁ—eﬂ =), G-NG-A -4 cé—ia]

+r— et B __ - -
M7 edpe {mﬂu = oxeept for the special case in which e §¢ < £% and
E%% < §i® where one must use [meg — mﬂ]z.

X g adge ImEEE= X+ (- &) [€+X—:'{+»,f(€— X - —aXg| /()

o thceatn e[| BE-BE =2 + (4 §E-DE-3)
FiTg theesbald | (i) ‘{ (= B+ D) — e /)

ko P, (e )2 = (- S -0y

[E g edge (mym® = (¢ — S - ¥

Fq highedge | (mE, 0% = max [{mfPE )2, (mex) ]

« Gives sensitivity to masses
P A= g (rather than combinations).

Fglowedge | (Mg, = min [[mps,)% 5 - - 51/2 - 7]

Table 4: The abealute kinemeatic endpointe of invariant mesa quantities fomed fom decay chaing
ul thue Ly pes cnenbioned o the bewd Dr koow paetiole o, The Eduwing shoethoed nobstion s
been uwed: ¢ = mi.;f: m}}a,ﬁ:’: mé.:.i: m% and X in mi or my depanding on which particle
participates n the *hrenched” decay. *
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High Mass mSUGRA

« ATLAS study of sensitivity to models r———
with high mass scales r
 E.g. CLIC Point K = Potentially { Te y 4

observable ... but hard!

I
3 Y my, besy
E _E "-.._Nuﬁll. -

L 10— ™ —+— Generic reglon_;
a f o3 H 7
2 A
< ATLAS A
E 10
S 1000 fb -
&
2
E 10 F my;;
u « Characteristic double peak in signal
M. distribution (Point K).
'E « Squark and gluino production cross-
- section reduced due to high mass.
. ||7 T (S T T (S I I NI B ° H i H 1 11
10 0 1000 2000 3000 4000 5000 6000 7000 8000 Gauglno prOdUCthn SIgnlflcant
M_, (GeV)
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« Examined RPC model with

tan(B) =10, m;,=36 TeV, m,=500

GeV, sign(p) = +1.

. ;*"1 near degenerate with 5201.

« Search for y*-, = n*lO°,

(Am = 631 MeV - soft pions).

events/25 MeY / 28.9 iy

Ml -

0 -

Edge = 0,658
Err +-0.01
iy gp = 98.377

Bl SIG Same Sign
P SIG Opp Sign T
B SUSY BG one GS
B SUSY BG no GS
[ 1 SM L BG

1 1.5 X 2.5
My, - my op AGeY

AM

% i 4
“ 105 prlmiss) = 500 GeV E N ——— Al tracks
= 1 El o, —— Signal 7
o0 — AMSB ||
1 - f e
g 104 L — SM t t o, 0
% F ﬂ z. j‘"‘""ﬁﬂ_mtm
| B
S 1 ;
| ! - P N
TE: ‘] ' .L W
" | i
i T | [ 1"t 2 4 0 8 10
0D 200 400 600 SO0 1000 By i GeV

P/ GeV

 Also displaced vertex due to phase
space (ct=360 microns).

 Measure mass difference between
chargino and neutralino using m,,
variable (from mSUGRA analysis).



W

« Kinematic edges also useful for GMSB models when neutral
LSP or very long-lived NLSP escapes detector.

« Kinematic techniques using invariant masses of
combinations of leptons, jets and photons similar.

« Interpretation different though.

 E.g. LHC Point G1a (neutralino NLSP with prompt decay to
gravitino) with decay chain:




W

« Use dilepton edge as before (but different position in chain).
« Use also Iy, lly edges (c.f. Ig and liq edges in mSUGRA).

Get two edges (bonus!) in Iy as can now see edge from ‘wrong' lepton
(from %°, decay). Not possible at LHCC Pt5 due to masses.

Eﬂm_||||||||||||||||||||||||_ 180 LI I I I 150 LI I L L I L L
2w [ 1
% : Emu— fh - %mn— lquhﬂ, —
Lo 11 {1 P 3
i 1 @ jJ a- it} i | 7
3 18%°[ I 7 o8%r ,ﬁ 1] ~
= ] i i |
% ] % ._}’l'lj | % I 'u'f ) ]
L Mﬂf "i 4 _/l‘H 4
g L g b= N ol g M l:“i
ullllﬁl:]llII1:!|UIIII1|5;]III|3;|];]II‘_|§5:] ﬂllllﬁlﬂllII1E!IUIIII1|5I]IIII2£|]:]H‘_I_25I] ullllﬂllllII‘I:!HIIII‘Ilﬂ]IIIIE;lmHIIEﬂ]
M, (Gav) by, GOV M, (GeV)
* Interpretation easier as can assume gravitino massless:
(M{D)2(M[2))?
2 = i b 2 - M2 _ N2 a2 - ag2 242 2 _ 1)y2 2))2
Mhz B (ME?HX)’Z x5 MIR (M}T' ) Mig - M,;'R_I_(Ml(?)) (Mﬁl“?x) (M}T)) +(M}T)) ’
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R-Parity Violation

* Missing E; for events at
SUGRA point 5 with and
without R-parity violation

 RPV removes the classic
SUSY missing E; signature

Events/10 GeV/30 b’
>

10
- Cut
10° ® QCD 10 L

E : ‘-::JHBJ[S :IIII|IIII|IIII|IIII|IIII|IIII|IIII|II II|H-II
'1_9 : ¥ Zijets 0 200 400 600 800 1000
S ET'** (GeV)
> 100 = Signal+BG - -
SR « Use modified effective mass
2 _;J' variable taking into account p; of
o = o leptons and jets in event

R R oL -

| ppaaa "L - .

(| I‘I‘I | | | I T | |.I 11 1 | 11 1 IT — Jet’lwton

1000 1500 2000 2500 3000 mT,cent T Z pT
M et (GeV) 77<2
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R-Parity Violation

350
- Baryon-Parity violating case @ ;gg
hardest to identify (no leptons). = 00 |
— Worst case: \",,, - no heavy-quark jets E 150
« Test model studied with decay 100
chain: 50
N ~0 ~ ~0 Y950 100 150 200 250 300
q. — x4— Llg— yllig m(jjj) / GeV
. Lightt?st neutralino decays via BPV 5300
coupling: 250 |
~0 200
— cds £
A 2150 |
 Reconstruct neutralino mass from 2100
: . s _ !
3-jet combinations (but large S 50| m(%?)
I I " i 0 | e I
combinatorics : require > 8 jets!) 0 o0 150 300 350 300

m(jjj) / GeV
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R-parﬂy Violation

« Use extra information from o
leptons to decrease background. Decay via |, allowed where
- Sequential decay of §_ to 7 m(22) = mlly)
through %, and |, producing
Opposite Sign, Same Family
(OSSF) leptons

q 200 400 600 800 1
M,/GeV

00




R-Parity Violation

« Perform simultaneous (2D) fit to 3jet and 3jet + 2lepton combination
(measures mass of x%,).

250 —— — = 250
* input m(Y,), m(x;) 60
240 |@ fitted m(x?), m(x’ “ 240 o ¥
230 230 | ﬂi o
2 0 % rL
® 220 ¢ 2200 m - 0o
& 210 0 za0)  u B 8
E oo D B o0l No Pedk'in 6
100 | |5h§13e space |4
180 . - —0 180 090 100 110 120 130 140 150 °
80 90 100 110 120 130 140 150 )
. . m...
Gaussian fit: my; / GeV i
m(¥))=118.9 + 3 GeV, (116.7 GeV) -+ Jet energy scale
m(y,)=218.5+ 3 GeV (211.9 GeV) uncertainty = 3%

= 3 GeV systematic
 Can also measure squark and slepton masses.
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R-Parity Violation

. Different }“”ijk RPV couplings ?istinguishilng 2Vertexing e Muons 0 Combined
cause LSP decays to different Fyfom iy | X180 PRI A PI%] g
quarks: uds | udb |54 - A7 - | 94

~0 R usb 7304 - | MM - 10.2
cds | 3051 - | 401 4 5.9
Zl ql q2 q3 cdb 10691 - | 47121 - 124

* Ildentifying the dominant A” csh |11341 - 420 - 128
gives insight into flavour udb | ush | 162 44 | 041 54 14
structure of model. cds | 1032 1 | 1301 - 48

* Use vertexing and non-isolated oo | 1832 - | 682 3 ’
muons to statistically separate o z:: mg : 157'12//21 b :g
C- and. b.- from Il.ght.quark jets. B Ty B R '

 Remaining ambiguity from d—s b | 997 1 | 31 8 36

 Dominant coupling could be cds | cdb |5642 - | w4 - 9.7
identified at > 3.5 ¢ csb |9%82 - | B3I - 9.5

cdb csb | 062 72 132 M 14
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Mass Relation Method

* New(ish) idea for reconstructing SUSY masses!

* ‘Impossible to measure mass of each sparticle using one channel
alone’ (Slide 10).

— Should have added caveat: Only if done event-by-event!

« Assume in each decay chain 5 inv. mass constraints for 6 unknowns (4
%%, momenta + gluino mass + shottom mass).

« Remove ambiguities by combining different events analytically =
‘mass relation method’ (Nojiri et al.).

 Also allows all events to be used, not just those passing hard cuts
(useful if background small, buts stats limited — e.g. high scale SUSY).

2500

tanf=10 After subtraction
Preliminary

ATLAS
SPS1a

400 480 500 550 800 &30 Foou TAO Aadd

Mg (GeV)

Warwick, April 2006
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2000

1500

Entries/10GeV
g

=
=
(=)
(=]

Events/20 GeV/100 fb™'

n
=
(=}

400 600 1000
M, (GeV)




Little Hllggs

Introduce

scalar fields | ™~~~ gauge symmetry

/ g9 =gem \
SU(5)

global local subgroup
SU (5) — SO(5) [SU2),®U1),|®[SU(2),®U1),]
v~f~TeV —>[SU@) . ®Ud)]

Littlest Higgs model

broken
broken ( Higgs mechanism)
Massless Goldstone massive gauge
bosons vector bosons
4
14 Goldstone bosSONS.:«---surrreasiniinnanunne > 7 W i .
3 AR Higgs is a

10

gauge boson !




Elltt|est nllggs Moael

X Y

In SU(2), xU (1), basis, . ; — eaten = 4 heavy bosons: Z_, 7., W,
27+1)y,, — 0 !

h h' .
Q=r,+Y — complex higgs doublet, massless
21/2 2—1/2 triggers EW symm. breaking
VeV forh — — mass to Z, W, h massless
Wr, Z :~1 TeV '
Ho S0 T 9 9 ~é complex triplet
T:~1 TeV 31 3_1 K acquires mass from one-loop gauge interactions
R 4
¢ii > ¢i > ¢0 :~10 TeV .:’: “““““
R Af
1-loop gauge interactions: & t
7 TL
:I'c: ca;\jncel tShl;eéc))p I_c>0|in,t T ‘ A1 A1
introduce L singlet quark T, g
and Ty hooo b " b "
A2
A 1672 )\%Ié‘%

A (i0ht + fT .t hh")+ A4 f (T, T,)




10S-Gauge boson voupilings

* Measurement of Z,Zh and W,Wh couplings needed to test model

2 e 2 40
e || Background =] ’
g " | 8 4 Zy > Zh—ooqyy ATLAS
o i 2
> r h ©
2 g Z, > Zh— {Lbb 15
& 12 H o % W, >Wh—aoaqyy
% 10 5 @ P
@ 1ol ; = ¢ Signal
g m, =2TeV |5 g 2 j === W
R 5 N i & -Z sqam
; | g & | Background
6 {1 ——— yyinclusive
b L o H inclusive
T 10 .
- 5 :_- :.'
000 1500 2000 2500 3000 | ST, e S
_ M(Z,) (GeV) 400 600 800 1000 1200 1400 1600
' 450 ] Signal M(jj yy) (GeV)
2 i [ ] Background
S 400/~ §
L3 C ’
3350:— g £ [
 a0of W,, —Wh = £v bb ATLAS
= 300f = Sy - F
E T B-tagging at "
@ - H b s F |
& 2% ' =l h. h ;
F b3
200f (7 Ig energy
150f needed
100f 10 e
0] high energy
0~300 " 600 800 1000 1200 1400 1600 { . .
M(W ) (GeV) =%z 024 s 08

€p
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Heavy Leptons

« Extra heavy leptons

present in many Oy

extended gauge jot jet
models. jet o

« Study I*I+4j channel. lot jet

« Backgrounds from
ttbar, WZ, WW, ZZ. let et

+ Also 6 lepton channel. (€1) (€ 1)

Constant 449.8 LK _ H B -
Experimental considerations: | | = - g0 = Lor et
- high energy leptons, jets | L M(Z')=1.5 TeV
- M_=500GeV S o2l
Systematics: M, =700GeV s F
- large NLO corrections | § N
conclusion: -

ATLAS can discover | "E i
sequential charged P T N,
heavy Ieptons up to O ZOZ 400 EOD B0 1000 1200 1400

— Figure 13: Signal to background compar- M, (GQV/C‘?}

ML 0'9 I 1'0 Tev ison for My, = 0.5 TeV/c*> and My =

(|ow/high |uminosity) 0.7 TeV/c?, for L — e+ Z° channel.
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Events/200 GeV

XCIte UdrKs

\ ‘ L—KqRa (gsstﬂv+ngWﬂv+g'f 'EB‘” g, +hc.
Jﬁiy g takeasreference: A=m*, f . =f=17"'=1
_ _ m*(GeV) Am;;(GeV) S B S/B S/VB
Lol o oy, = Mehdiyev, 1000 170 12306806 16870000 0.73 3018
2000 320 858214 525000 1.63 1184
3000 445 37635 23500  1.60 245
- 5000 705 601 325 185 33
P> 1800 GeV 6000 830 75 60 125 9.6
U R —T
cos® < 2/3 |
m ] ; - - 171 L
go'l A9 =gy e
— f=f=f,=1 | g E .'_ ..... f=f=f,=0.5
 beios _@ 0 L _.' - f=f=f,=0.1
10| L g - :
- 49->qtoag | Sl
| ATL-PHYS-99-024 Wb
—‘ 10" ;—
fﬂ.l fﬁlﬂﬂﬂ?lﬂﬂiﬂ‘ﬂ@ffﬂﬂﬂ 5{;ﬂblléﬂlﬂﬂl F{Ilﬂb“ ‘8000 E.r 1

mass (jj), GeV/c*

Also: g*—>qZ; g*->q'W




X

;107
g ex — € Z — € ” 2;’5;;&\;
2 P >100 GeV
Ry wgﬁ_ n<2.5
i i g s L, e
contact interaction: L. = J J* N
© AN |

10

Experimental considerations: [
- high energy e, v “
-Z > jj, W j

L =300 fb-!, A = 6 TeV ol
0 300 1000 1500 2000 2500 3000 3500 4000 4500 5000
o . ‘ . , M(jje), GeV
m* — 500 1TeV 2TeV 3TeV 4TeV @ ATLFAST
qq — e*e — Zee — eeee %g_f Ege:_)]ﬁ:_) € €Y7 cr>=1000
AM, GeV 20 38 63 &4 T | Penot> 1000y 7= 720
S 242 121 17 2 S8 T
S/B 25 76 283 333 tuny+ 5] 0=9.03
S/VB T 96 69 26 006 | i
qq — e*e — Zee — eej] i
AM, GeV 4 60 106 180 200 " . I??gj
S 4725 2388 358 54 6 o
S/B 3 16 48 67 - S
S/VB 121 192 131 60 - | salaticalost Ty
&850 900 950 1000 1050 100 1150

Mass of e + ¥ (GeV)



Generic squarks and gluinos strongly produced IR A
Cross section (@ Tevatron: ~ a few pb q ~q
Expect cascade decays
. . q
Signature: lots of MET and > 2 jets 7
3 q 7 4
600D9 Run i Prp!irrliilr!qryl .L.=1311,°. pb1 ’ & . 4
QEE % ii - ' j?“;%g
Esoo E Lep21] & .
2 i Results from DO: (310 pb™!) 2, 3, or 4 jets
& 400 ] .
= e CDF:. (250 pb!) = 3 jets
g % \§ Dominant backgrounds
@ 200 : Z+jets, WHjets, tt, QCD
- _ Ny @ QCD fitted or cross checked with data
RN ' ) e MET cut>[75;175] GeV

0 100 200 300 400 500 600 : .
Gluino Mass (Gevich)  BOth experiments see no hints of SUSY




I Search for Scalar top

Look for pair production of lightest stop quark
Assume equal BR to e, u,T, and V%Vf)z(l) +
LEP limit: my =45 GeV # <

Event signature:

. £+
— 2 b-jets, et + MET
non-iso track “E
%100

Signal regions optimized for AM=m; - 1w &, g0

{
>y

v

2
L=350 pb" | Signal i\;ecte . | ob: %
AM: 2040 Gev | 1643107 |22.99:3.10 | 21 5
AM: 50-60 GeV | 18.28+0.72 | 34.6343.96 | 34 @ sl " e
AM: > 70 GeV | 16.70:0.51 | 40.66:4.38 | 42 6&2‘.’;22?&;‘;?%;3%%"’

L -

Limit combining with previous result in the pp channel | warwick, April 2006




D& Stopped gluinos

Assume M qy(scalars) >> Mg gy (fermions)

—> gluino can have long lifetime and hadronize (’R-hadrons™)
If lifetime > 10 ps:
» fraction of g’s stopped in calorimeters
* stopped gluino — g + %(1) no good vertex
* later bunch crossing: single high E; shower and high MET

Background: cosmic muons
M. =50, 90, 200 GeV

I~y
D Preliminary (L=350pb") S D@ Preliminary (L=350pb™)
Background E -o- Expected Limit
i 3 _ Signagl{m =400 GeV, xs=0.62ph) par Sk
: - 1 |48 | 46 | & '
o
@
‘ 2 | 38 | 32 o
1 g
o
3 22 | 27 I
o Theory (hep-ph/0506242)
107 H ‘ﬂ-‘ [ 4 10 14 § o'} prediction
§ 500 500 b s s ool N s s
Jet energy (GeV) 10050 500550300 350 400 450" 500 550" 600

Gluino Mass (GeV)
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DE> MET + photons

In Gauge Mediated SUSY breaking
models, LSP 1s gravitino.
Typical signature from y decay:

LSP
NLSP /' Assume
prompt
@ — @Y decay
Signature: 2 energetic photons + MET

QCD background normalized to data
below MET of 12 GeV

Observe 4 events with MET=45 GeV
Expecting 2.1+0.7 with 760pb-!

New limit: m(y,)= 220 GeV
Previous limit (CDF + DO0): 209 Ge

wail UvVey 1<

slfb]

b {0l =

10 |

D& Run Il Preliminary

e vy data

— total BG
©  BG with true MET

-t
i

i -

120 140 160
Missing E_, GeV

_NLO

D@ Run Il Preliminary
760+50 pb’’




DE> MET + 3 leptons

Expected signature from chargino-neutralino production
Clean signature Very attractive for the Tevatron

N w _/ __/

ivs 3

i » Ta . T

DO, 6 channels: Expects: 3.85+0.75, Observes : 4. Signal would be 3-10 events

© 200F _

© - . ' Qo + -1 7
= 180 D@ Run Il Preliminary | = 2 e Search for ;3 — 34X D@, 320 pb' ]
g 1605 -Z"” =Y L M- MG - 2 Meiepton) > Mg Preliminary
il E . W_:)puuv % 0 5 .'0,‘. tanfi =3, p > 0, no slepton mixing =
‘E 1405— Wty m b 4 Expected Limit (no 1) E
o 120 . WwW,Wz,2z = ik N —— Observed Limit 3
o 100} gbélrr) +|§ . oy, v Expected Lt :
80F © OSENEE N\%,, e, =
22 0.2F —
20F 0.5
- 1 - =
01 05 0 05 1 1.5 B 25 3 35 4 Torio 0::.|... Lo o .?r.g‘.em ...................... 4

100 105 110 115 120 125 130 135 140

A¢(u,MET) Chargino Mass (GeV)




Number of trilepton events / 2 GeV

107" ¢

10

Channel :i;‘ll;ple S}li\:ec ted Obs
up/e +l1 (0.7 |2.3+£0.3 | 1.2+0.2 1
eetl (350pb?) | 0.5+£0.06 | 0.2+0.05 0
nu+l gow pt) (320pb) | 0.2+0.03 | 0.1+0.03 0
eet+trk (600pb™) | 0.7£0.03 | 0.5+0.1 1

__Search for y;y,—>uutelu

J- Ldt=745 pb”' s DATA

CDF RUN Il Preliminary D Drell Yan+y

il

1l
T

0 10 20 30 40 50 60 70 80
Missing Tranverse Energy (GeV)

D Drell Yan+jets |
[ | mSUGRA: %32

y* mass: 113 GeVic?

CDF:

predictions

All observations in
agreement with SM

NeV / 4 GeVic?

-
=

-

10"

10*

N events / 5 GeV

0

i
20 40 60 80 100 120

3 leptons: continued

CDF Run Il Prelirninary,det =607 pb"

etettrack selection

1402 160 180 200
Leading Invariant Mass(GeV/c")

Search for x> e + ule
T

T T T T T T T
CDF Run Il Preliminary (0.7 lb'1)
——Data ]
I Drell-yan

Wy WZly
B W+Jets

0 10 20 30 40 50 60 70 80 90 100
Missing transverse E; (GeV)

Stay tuned for updated limits!
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3

£9 R, SUSY: Long-lived LSP

Scenario: Weak R;, violation (inspired by NuTeV dimuon excess)

Low mass LSP decays to 2u+v, r = [5;20]cm, other ¥ escapes I
(~5 GeV) ( ——— - v 0 ~0
iy % v

(| —<

v'Bkg estimated from data
v'Several cross checks
v'Diff as systematics

D@ Run Il Preliminary

loose — B
1 mu + 1 track — L —— —
1 mu + 1 track (no isolation) —  =fil=
2 tracks pt=10 — —i—
Monte Carlo bbbar — -

200 -100 0 100 200
Percentage difference

L]_iépect 0.8£1.5 events, observe 0
Dan

Y i

- 1
XY <
1 ]

Now excluding that these
events are SUSY ) :

D@ Run Il Preliminary

L=383pb

NuTeV 99% Exclusion

s3333adaa

# DO 95% Exclusion (Preliminary)

0.N?,) x BF(N_, — u*iu"+X) (pb)

G(pﬁ—) N
ey
(=N

A L=

10%10%10*10%10210" 1 10 10? 10° 10* 10°
lifetime (10° s)



Rr: 4 leptons

L B e e e R L e
;CDF Run Il Preliminary, 346 pl::'1

Now assume prompt decay
>4 leptons from yy decays
Analysis also looked at 3 leptons

—a— Data

DY +y

[ Mis-ID Jets ]
B t-thar —
[ | Diboson T
—— RpV SUSY (A |
Mr_? =99.4 GeVic? —|

-
=
T

Events / 9 GeV/c?

"% Yukawa term: F E
?] {} e kljkLleEk e A T I T
T Analysis accepts e and “ Inv. Mass of 1st & 2nd Leptons (GeV/c?)
*’T*:-m . .
< gt — gensitive to 7\.121 and 7\.122 Trilepton control regions
‘%4.5; CDF‘ Run IIlPreIimilnary, 3-|;s pb” | ;Eit% V E
o L] o ° 0 ol Mis-l[;.lets =
Striking signature, virtually no SM background s..- — P
No cut on MET or N jets gz_:: T W o 3
Expects 1.5+0.2 signal, <0.01 SM, observes 0 bz E
= Limits on A,;: 6 <0.21 pb o -
0.5 -
7\4122 0 < 01 1 pb W% 80 e0 70 &0 80 00 o0
Trilepton Inv. Mass (Gewcz)
Else Lytken, Moriond QCD 2006 78
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Indirect constraint: B —uu

b w wt b ) T SUSY k
— e A NN ———————— —_— W
t A _ ¥ L tA : — g
i A S Ve ) N
Xt
Rare decay, SM branching frac ~10-° | ia &)
8 < tan®f -

—Loop diagrams with sparticles (or direct
nep-phioso7233 decay 1f RPV) enhance orders of magnitude

m,,=3 TeV, m,=0.7Te
T

Important at high tanf3

600

* Look for excess of pu events in B, and B,
mass windows

« Background estimation: linear extrapolation
from sidebands

.+ * Results compatible with SM backgrounds
T Br(B.ou)<1.0x107 @ 95%CL
| ---  Closing in on SUSY! ---

500

200

T
fr<104CeV |7

T

100\l\\\\||||\l\F‘V’\llll\ll\l.ﬂ\nuuuwu
100 200 300 400 500 600 700 800

M, (GeV) 79 Warwick, April 2006




b W+ !J,+ b + I-'-+
= < € W
|9 | o y L t A v -
5 ‘ W ! IJ-_ 5 - H
> > = W
T
Rare decay, in SM branching frac ~10-° 2
. . . . I
Loop diagrams with sparticles (or direct decay | ;... 27
if RPV) enhance orders of magnitude N e
~ 3 - - . -
:Zf CDF Preliminary _ 780 pb'1 | Important at high tanf3
B w 2  cMu.CMu
I CDF also looks at By —uu
2, Ele . . . .
. 58 Background estimation: linear extrapolation
g e from sidebands

sideband
Pl SFEEL L dbial Y

—

Normalizing using B*—u u" K*
- Results compatible with SM backgrounds

(=]

I | L1 1 ‘ | | Ll | ‘ | — | L1 ‘ L
4.8 5 52 .

Dar 4 %, eevie? 80 Warwick, April 2006



Look in the Bs and Bd Signal Window

w
w

N% CDF Preliminary 780 pb'1 %f CDF Preliminary 720 pb'1
= Bor'w 3 comucmu | = B ouy 2 _§ CMU-CMX
LR >0.99 sideband m”.mm, _ Sideband sideband ;ﬁ l .__sideband
1 -
0'4!8”‘3'"512"'5.|4"'5{3"'5!s”' e e R R (S L
M,, / GeVic? 48 5 52 54 5.6MW ;scfew.:z
CMU-CMU Channel: CMU-CMX Channel:
Expect Observed Prob Expect Observed Prob
B, 0.88+0.30 1 67% B, 0.39+0.21 0 68%
B, 1.86%+0.34 2 63% By 0.59+0.21 0 95%

~
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& MET + jets: squark and gluino

Generic squarks and gluinos strongly produced

50
Cross section (@ Tevatron: ~ a few pb —N——«KZ !
Expect cascade decays ! 1
Signature: lots of MET and = 2 jet 7,
g d NG ¢
,-...:’.."'. 7
DO result: | 20,
» 2,3, or 4 jets for the cases: 4 jets: Fit to QCD

10°

Mé > Mq M~g ~ Mq and MNg < Mq D@ Run Il Preliminary

* Dominant background differ
Z+jets, WHjets, tt, QCD

« MET > [75, 100, 175] GeV === N

* Lepton veto

Evenis /5

-
=]

Else Lytken, Moriond QCLC 10750

— 300
Missing ET (GeV)
1wvi (B ]

yveQa Wiy m =255




CDEF:
* Req. > 3 jets and MET>165 GeV
* Bkg dominated by Z—vv + jets

» Check: compare data and QCD
MC in jet domimated region

2 g | Jaracomc
2
2107 [ ]Jet20 data
E
=
-
o 10¢:
A f
g H
w
T
10-1_lllJlIlJJIIJJ[IIJIlI]]lIlllJJIllJ
0 10 20 30 40 50 60 70

E; [GeV]
Else Lytken, Moriond QCD 2006

| LanToyey g3

MET+jets continue

Expect 4.1 events, observe 3

Events / 20 GeV
2

CDF Run II Preliminary, 254 p5° = Data

W acD
Blind Box edge Ow, Z WwW
it

P IR
100

3
=]

(41
o
o

D@ Run Il Preliminary L=310 pb'

. ‘ . L
150 200 250 300

F:r [GeV]

LEP2 T

ino mSUGRA
solution

AL

\ OO0 ._ mtfl);:_rnﬁ‘:l \
200 300 400 500 600
A 2

Gluino Mass (GeV/c")



DO STRATEGY

o MET > 40 GeV
Data pre-selection: 2 jets [T 28 |Z ﬁljﬂn(}é\/
jes HTE E |p'_|_|>50

Luminosity: 310 pb-! jets

ANALYSIS STRATEGY

Distinguishes 3 approaches (dominant ¢ )

o N\
M; > M; Mg ~ Mg
q g y a a q 5
- a’ g q
Search for acoplanar dijet Search for events with at Search for events with at least
events (squark > jet + MET  least 4 jets (gluino > 2 jets + 3 jets (2 jets from gluino and
dominant) MET dominant) one from squark)

JET BACKGROUND STRATEEGY

Cuts will remove its contribution.

Otherwise, contribution extrapolated from data behavior at low missing ET region.

U



Dan Tovey

ﬂ;lﬁ UGRA “small m;”
M(£)> M(z"

No slepton mixing

mSUGRA “large m g
=
M(£) > M(x,"

» oXBR<0.2pb

Chargino Mass Limits

1 Fermllab Puh-O‘EIOTS-E or hep-ex/0504032 |

iq’ A
A I

\ /4{

b

Search for y ,f ,{E —3#X D@, 320 pb' -

., tanB=3, >0, no slepton mixing 4 =0

MG, )= (3{2}52“’1(11}: M'{f}?’M(?Lg}

= Opseryed Limit
....... Expected Limit

||II=|III'|III:|IIIIIII

| | |I"I

100 fﬂa EED) 'itﬁ"1é

L ———
125 130 135 140

103.5 GeV /2
(model independent)

Chargino Mass (GeV)

Scenario

Those limits are imprl:wed b'}l’ light \|t.'|1lnll- but Iu-;n:l. u|l|}|l'|~.~
~10% if tau’s are included.

Mz = 3M(q)

» No sensitivity

85

Else Lytken, Moriond QCD 2006 85
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rilepton events

Isolated track, p; = 4 GeV
Muon?

Next-to-leading

ding electron
e*, pr =41 GeV

N
ET, 45 GeV

run=203347; event=513922

Leading lepton
Next Leading lepton
Third lepton
Other leptons
Missing Transverse Energy
Vertices
N. Jets L5 Ep > 20 GeV
Leading jet
Invariant mass of OS Muons
Transverse mass

CMX g, pr=152 GeV , n=-0.9, ¢ =-0.26, Z; = 30 cm
CMIO pt, pr= 27 GeV , n=-05, ¢ =2.33, Z; = 30 cm
CMUP g~ , pr=8 GeV, 5 =-0.16, ¢ = 0.79, Zy = 30 cm
Electron Er 4.3 GeV, n=-0.2, ¢ = 0.411, Zg = T cm
15.5 GeV, ¢ = 1.42
Z1 =31 cm, Zs =7 cm, vertex Z3 = =29 ¢cm
1
L5 Er =47 GeV , 5= -0.13, ¢ =-0.279, Zyp = 19.4 cm
mopx-—omio = 72.5 GeV
mycMrP-MET) = 1 GeV

41.6 _
Mass OS1 GeV
27.0
Mass OS2 GeV
)6 86

Warwick, April 2006



Limits

Combine 3 lepton and 4+ lepton signal regions to set limits.

Observed Limits (95%
C.L.)

Aoy Ao
0<02lpb | 0=<0.11pb

Signal Point: M, = 250, M, , = 260, tanf3 =5, 1 > 0, 6= 0.143

Excluded by D@: 0 <0.116 (A,,,) with 238 pb"!
0 <0.239 (A,,,) with 160 pb"!

Dan/ _ ) 006



EOHVGTSIOH removal gp

[ Scale Facter | ¥ | ndf 0.3886 /2
2.2 po 1.979 = 0.285
r pi =0.03195 + 0.02021
2 |Acots] < 0.04
1 E 1.8~ |D:r| <0.2
Data - Partner p; > 0.7 GeV
S F 16— Incorrect Side Scaled Up
1 - EMC 1,4:—
1,2:— %
1:— \
n_!:....|....|....|....|....|....|....
5 10 15 20 25 30 35 40
Seed Electron E, (GeV)

= Apply scale factor to all electrons in MC that originate from photon
conversions that are not rejected by the conversion tagger.

» In order to use SF, ignore tracks with p; < 0.7 GeV in conversion
filter.

Else Lytken, Moriond QCD 2006 88



Models anadFimalsStates

Go beyond the Standard Model without introducing SUSY

Models Final States
£epton—qumfé compositeness ee, 7Y, pu
substructure excited fermions upy, eej

Leptoquarks eejj, mujj, evjj , pvjj ,vvjj,vvbb
EWSB without Higgses technicolor Ivbb, Ivbe
New Heavy gauge bosons z ee, pp, TT

w’ ev, bblv
Hierarchy problem Extra Dimensions: ee, Yy, Pt
(Mppee >> Mpy) Large Extra Dimensions (resonant or not)

(ADD LED) jet+ME,

Randall-Sundrum (monojet)

gravitons (RS gravitons)

__, Three final states: leptons/photons , leptons+jets
( +.7Vlff_-r) ,jets +.7Vlff_-r

Dan Toyvey 89 Warwick, April 2006



dielectron/diphoton dimuon

E>15-25 GeV . P> 15 GeV
isolated, fraction EM EM . Isolated \
EM shower shape CalOl‘lmetC . Track quality req. (hits...) ‘J'
Track match (ee) . Cosmic ray bked cuts > Chamb cr
Main b.a(c:lfground: 80 — TfﬂCﬁe . Main background: S
EMid: e~ 80 to r -widien-80 to ’ +tracker
O/. . _atsand direct photon
eve%so-!/gstimated from data 900/ 0

syst signal: ~9% (cross section, EMid, acceptance, e/7) syst signal: 8% (acceptance)

syst SM background: 9 to 13% (efficiency, momentum

Direct search (masssnf)eeaa{llgzl%’,l) Pg: 'r'ailfiton) and indirect
search (LED, compositness)




L
omparison

RS graviton — ee,yy

} _I I | ITTT | T T | T T | T T | ITTTT | TTTT | T T | I I_
4 3 104 = -1 =
10 ¢ o © D@ Run ll, 275 pb" a)
NU 3 E E 103 _ i ?r?::f Background —;
; 10 & c C SM Background 3
o @ I QCD Background ]
0 r T 102 =) 300 GeV RS Graviton ~_|
0 2 =
10 .
E 200 250 300 350 400 450 N
" Mg Geviey 1 10
£10 — 5
o ije q i
> ] ] -
1] 1 | E 3
= 107 =
""|"""""""-|-|-|-H.|.|.|.|..¢.t.¢.¢j E
100 150 200 250 300 350 400 450 500 102 . -

2 100 200 300 400 500 600 700 800
Others M., (GeVic) DIEM Mass (GeV)

(W,Z,diboson,tt)




Dilepton

No excess wrt SM -> [imits (95% CL) on the models

Compositeness: ee,

up

1
Lg = ${n(@y er) (s ypn) + ner(@yen) (iryuse)
+ nre(ryeur)(iy*pe) + nac(dryedr) (izypL)
+ nreliry ur)(ErYur) + nRR(dRY dR) (iR W pR)}

A: compositness

scale(TeV)

Z’>->ee CDF 450 pb !

7" Model

AV

Zx

Exp. limit (GeV /c?)| 860

735

Obs. limit (GeV /c?)| 850

740

m,, > 850 GeV

@95% CL

T 0 2 e e A ek ApT 2006 )

M
250pb !

€e
200 pb!

Model |[AT(TeV) |A~ (TeV)
LL 4.19 G.95
RIR 4.15 6.74
LR 5.32 5.10
RL 5.31 5.17

LL+RR 5.05 9.05
LR+RL G.45 G.12

LL-LIR 4.87 T.74

RL-RR 5.07 T.41
VV G.85% 9.531
AN 5.48 9.76

models L. Dg Run Il Pre iminary 1
L Aty S 0
RL 43 | = ;
X

: 7 5.8

AR 3.8

LL+RR 4.1

79

LR+RL 5.0

) 6.0

LL-LR

RL-RR 5.8

vy 4.9 * 9.1

AR 57 |

48 q— 64
4.7

178

10 5 ;
|  Deslruclive ' limits of compositeness scale
combpination in

5 10
TeV Consiruclive i



ADD LED RS graviton: ee, vy, py

combine
cross section: o = f(n,,n.?
parameter: n,=F/M parame ters:
M, : fundamental Planck scale -graviton mass /
F ~ 1: model dependent - k/M,,: coupling to the SM fields

é 0-15 | 1 1 l L 1 L | I 1 1 L | l Ll : :

L | Final [GRW HLZ[2] Hewett[3] g ogF '\. DO Run Il 246-275 pk =

(pb™) | state | [1] X .

. n=2 n=3 n=4 n=5 n=6 n=7|A=+1/r=-1 0.08 =

B 200 ' E

£ ee [110]| - 131 1.10 0.999 0.929 0.879/0.987/0.959 x

: CDF 0.07 o

2 246 -

E oo | me [107]109 127 107 097 090 085 0.96/0.93 0.06 =

— =

275 0.05 &

Do |ceTrr| 148 (174 176 148 133 124 117 1.32/1.21 . =

0.04 —

RunI+Runl World 0.03 E

I | E

B -

.es? 0.02
[1] Giudice, Rattazzi, Wells NPB 544,3 (1999) lelt 0 01 e Feup® |

[?]9;19an, Lykken, Zhang PRD59,105006 200 300 400 500 500 700 800

(1999) Graviton Mass (GeV)

[3] Hewett PRL 82, 4765 (1999)

Jan lovey,




' Lepton/photon(s)+X

Signature of excited particles which decay to 1/y+X

yy-l—X

diphoton trigger: E.>12 (isolated), E,>18 GeV
2 central photons |n| <1E,>13 GeV

yyTen

L~

683 pb!

YTy
L ~ 1020 pb!

one electron E.. > 20 GeV A third photon

one muon p; > 20 GeV

In| <

1 E, >13 GeV

Source

electron

muon

2%
Wy
Fake [+7y
Iy +jet =7
ly+e—=7y
Total

0.535 £ 0.014 £ 0.049
0.117 £ 0.008 + 0.011
0.093 £ 0.004 £ 0.038
0.386 £ 0.021 £ 0.220
3.363 £ 0.272 £ .760

0.307 £ 0.011 = 0.028
0.048 £ 0.005 = 0.004
0.006 £ 0.005 = 0.003
0.093 £ 0.011 =+ 0.114
0.017 £ 0.017 = 0.004

449 £0.84

047 £ 0.12

Data

9 A

0

byy

High
Lumin

osity

vyy: exp: 1.920.6

observ: 4

1

fb-
1

Events!/s GeaW

y1+X

One isolated y E. >25 GeV
One isolated « tight » central lepton E.. >25 GeV

ly+ME, Iy+1
£ ~ 307 pb'! L ~ 307 pb!
ME. > 25 GeV Loose lepton E..>25 GeV

Obs: 43 Exp: 35.1+5.3  Obs: 31 Exp: 21.2+4

COF Run Il Prefiminary (@17 1% COF Run Il Preliminary (D) 1

o Datafe), 307 pb’

o Data(u), 307 pb”

[==]
T

| E

B zjet aco, zy

=
T

i

Events/5 Ga

L]

0 15 20 25 0 3 4}I]

fr(GeV)
NO excess wrt

SM

5 5 10 15 20 2 30 3

Fr(GeV)

Warwick, April 2006



m
FExcited muons

Compositness models:

Quarks and leptons are composed of a
scalar and a spin /2 particles

Large spectrum of excited states

E1>27 GeV + M,

Contact
Interaction (CI)

background:

797, 7.7

/et
| @® o
L=371pb! | L=377 pb!

2 isolated pr=>20 GeV p>15 GeV
muons

1 isolated E >25 GeV E >16 GeV

photon

Systematics:
takes(jet misid as photon)

mass cut
M+ |Myy cut|Data SM Signal eff.
GeV]| [GeV] expectation | [%]
100 | 200 | 0 |0.170£0.126] 7.5x1.0
200 | 200 | 0 ]0.170£0.126|125£1.5
300 | 280 | 0 ]0.041 £0.023|12.1£15
400 | 330 | 0 ]0.016 £0.011{14.7£ 18
500 | 440 | 0 10.003 £0.001|11.9£15
600 | 440 | 0 ]0.003£0.001|144£18
700 | 440 | 0 ]0.003 £0.001{13.6 1.7
800 | 440 | 0 ]0.003£0.001|145£18
900 | 440 | 0 ]0.003 £0.001|14.7£18
1000 | 440 | 0 |0.003£0.001|144 =18




a5 1.07 _ EW decays: p* -> p +
0.8 _
0.l gauge b 0sSon Three parameters:
ol oy Cldecays: p*->p 4+ Fge 0
0 0.5 /A 1-0 - Alz compositness
scale
Z | DO Runll S 3.5[ 7]
; WE_ m,.> 618 GeV@ 95%CL |d—, [ CDF Run Il Preliminary
& S =1 TeV - s .
et e . 29=L§77 < 3 J- L - dt = 371 pb” 7
‘%m-‘ LS pb-! 2.5 1
- S f :
e 2 ]
- & [ ,
ES[ AT 15| 95% C.L. :
-ur‘%—E e A=4 TeV 4 7 Exclusion Region 1
E % | — Limit (95% CL) | | | s ;
105" —"200 400 600 800 N [('I;g%liw 1d 200 400 600 " (8(§)0V)
d or . (Ge
m,.> 618 GeV A=l Best m,.> 800 GeV A=1
TeV —
Limit leV

Only EW
decays i -
[ untroyey o gs



Trigger: inclusive electron E[ >18 GeV

Selection

-One isolated electron E. >25

Background:
W->ev, W-> 1V,
Multijet (fakes)

GeV
- ME,> 25 GeV
NA~-~L /NME -2k
CDF Run Il Preliminary
0.60 T — T T
0.50 — —

Acceptance x Efficiency
Q
8
\

0.20 [~ Efficiency —
I 40 to 45% il
010 —
0-0?00 | | 3(;0 IW' MZ(;S[;(GEVTE;:E] | 9(;'0 |
Events in Each My Bin (GeV/c?)
200 - 250 250 - 350 350 - 500  500- 700 700 - 1000
W —ev 30.8+5.7 17.0+4.0 352+1.70 0.27+0.45 0.00+0.00
Multijet 2761 00£33 000£0.29 0.00£0.01 0.00=£0.00
Other Backgrounds | 52+ 1.0 3.0+£09 051+0.22 0.06+0.08 0.00+£0.03
Total Background | 38.7+89 20.0+59 4.03+1.97 0.33+0.53 0.01+0.03
Data 41 21 9 1 0

CDF Run Il Preliminary

L e e e e e e e A
F JLat=205ppT g G"B(W—ev)g, ]
102 B (NNLO) i
— — 95% CL Limit ]
e N i
[=%
= 10" .
;"F : -
- )
m : 788 GeV/c?
o C 7
107 & <
1[1‘2_ ' |
200 400 600 800 1000
W’ Mass (GeV/c?)
M, > 788 GeV @95% CL
World
Systematics:
-JES Best
-PDF ° °
- EM scale, lelt
ISR



Leptoguarks
2nd generation: 1.Q 2 LQ 2-> pyijj

LQ: lr.)osorlis (CDF +DO) 2 isolated energetic jets +
carrying the e . .
quantum LQ 2 LQ 2-> Vi one (two) isolated high pT
numbers of a muons
quark-lepton (CDF )
system
) A 1Y (AR ’
q LQ J ! 7 Background:
g q ki i i )
T T i DY: Z/Y*(l“'l“') +]ets
\F1 \\5,\ i \'P\
/g Ry 1 g L K
| Combined Total Acceptances |
Co1e -=Total
@ é
b wji £os|—CMUP
2 isolated muons p > 15 GeV pr > 25 GeV pr > 25 GeV S 0.4 |—— CMX ..
o §
2 isolated jets E;> 25 GeV E; (jetl) > 30 GeV  E> 30 GeV E Pigy i : . - s
i F ' @ : :
E; (je2) > 15 GeV L) S S T . S|
L E _ _ : - ‘
M(pp) > 105 GeV 15 GeV< < 75 GeV ‘gm 5 .t :
> 105 3 oi08 F—d 1
ME > 60 GeV °"FE *®
.‘;f 0.04 [— ‘3, -
+additional cuts: scalar‘ sum of transverse energies of ob]'ejcts (1“1 ), Eo.nz “ ; |
angular sclections and mass cut around M, (pvjj) g B 1 | T

140 160 180 200 220 240 260

Systematics: Leptoquark Mass (GeV/c %

- CDF: lumi, PDF
- DO: JES, lumi,
3h,;| OVey,




Hj

140

160 180 200 220 240 260 l’t

W 092+006 144£010 144£010 167011 1654011 0934006 044 +0.03

Top 1692021 184023 135£0.17 1.00£039 080+029 067+008 052 +0.06 J
Z 0.18+0.01 022+002 0.19+0.01 018+001 (144001 005+000 0.04+0.00 7

L~200pb-1 L~294pb- QCD 029:029 0294029 029+029 029+029 0294029 0294029 0.290.00
6 Total 3.09£057 374+062 322+056 3.08:053 283+051 194+044 1304039

Data 2
MC 1.87+ 1

1
0.9

0.8

6.8 +2 Data 3

3 2 0 0 0 0

=T 4
4 Pt
‘/
o ,’./

Br(LQ,—j)
(=] =]

—— Run | pjpj + pjvj

—— Run lljyj

—=— Run I+Il comb.

meml..ifﬂpb'1

140 160 180 200 220 240 260 280

100 120 140

160 180 200 220

Leptoquark Mass (GeVic?)

Jdn 10vey,

8 =1M;q, > 251 GeV @95% CL

Scalar leptoquark mass [GeV]
World

Best
Limi_t

240




Signature: Z(ee)+jet
M, resonant

E
10°E DY Run Il Preliminary
E —}— Data
= L ~ 376 pb’! =
10°E =i
E —HnaszE"J
p— 1 | OO Sewr
%1055 _Hu:-dIII-GE’U
'O =
— e
Zo'L -
e E N
Udg2 EE ___1:
10° &
10 &
10‘5 EI L1 1011 | - -l I 111 I I 1 1 | |
0 100 200 300 400 500 600 700 800 900 1000

M, , [GeV]

(9 —2+q) XBR(Z— ¢'e) [ub]

gxBR
%

Event selection:

-2 electrons (E.>30, 25 GeV): usual
criteria

-81 <M, <101 GeV

-1jet pr > 10 GeV

- no matching jet — EM object

Main background: DY Z(ee)+jets

D& Run Il Preliminary

1

q=

s
&
tn

L1l IIIIIIIIIII
300 350 400 450 500 550 &D0 50 TO0

|
M{(q) [GeV]

M, > 520 GeV @
95% CL



- pp -> LQLQ -> Vvjj : 2 acoplanar (light) jets + ME.,

Main background:
- Z(VV)+Hets
W) Hets

- QCD multijets (instrumental) -> from data

L ~ 310 pb!
Triggers jetstMET

2 central jets p 1> 60, 50 GeV

no isolated track, no electron or muon

MET

cuts on AO(MET, jet) to remove SM and QCD

background

OVey,

[
<L

number of events
by
=3

10

Events / 10 GeV

DO Run IT Preliminary

E_ Data : bkg substracted i E-;h
0
Sl CDF Run Il Data (191 pb ™)
50 Il QCD prediction

[ ] wW/Z + jets and tt prediction
40 Leptoquark (m o =115 GeV / c?)
30
20
10




Scalar Leptoquarks

— pp -> LQLQ -> Vvjj : 2 acoplanar (light) jets + ME.,

. i P -1

1w DO Run IT Preliminary D@ Run II Preliminary, L = 310 pb
a%- ‘ :é: 102 e Signal cross section
E ‘ ;" s Excluded cross section
b . A U | - ' Expected excluded cross section

J S

5 2

4 2

2

I

] L1 ] ] ] ] ] 10

%E
|n-
(=1
wF
=]
E_

-
e
.I
..
&
..
*
*a
t'
.l
-
]
".
Ll
-'..
ry
]
.
Tapy
-
"
]
"u
.....
"
Ly~

L£~191pb! L ~310 pb?

1 1 1 1 I | I - I 11 1 1 I Ll 1 __l | L1 1 | l L1 | | L1
DATA 12 86
4 50 90 100 110 120 130 MLQIfgeV]

&@- 0 M, , > 117 GeV @95% CL
DO: 0 M, , > 136 GeV @95% CL

Systematics: 14 to 16% World
(luminosity, JES, Jet energy reso, PDFs)




@ EXTtra Dinenstons

qq, qg, gg-> gG, qG: a single energetic jet + large ME,

Main background:

- Z(VV)+jets o . -
W) Hets High sensitity to
- QCD multijets -> from data Jet Eﬂefgy Scale i
50 i
] :I_ — Data
% A — SM Prediction
L ~ 368 pb? g - )
O an’ CDF Il Preliminary (368 pb )
Triggers High E . single jet r 30°
P
1 central jet p > 150 GeV c
. o . ]

lity crit 20
(quality criteria) |_|>J 1 Main background
ME, > 120 GeV (Z+jets, W+jets)

— 7 estimated from data

2rd leading jet p <60 GeV 10-

no isolated track, no electron or muon

] = -+
1 o T
cuts on A®(MET, jet) to remove SM and QCD 100 15'0 260 | 2$0 200 350 400
background Event Missing E.., GeV

Dan Toyvey 103 Warwick, April 2006



<iZ EXtra Dinmensions

qq9, 98, gg-> gG, qG: a single energetic jet + large ME..

L

Background

Z = v 130 + 14 M, Lower Limit (95%CL) i CDF

W = v 60 + 7 {6eerssseerucee: CDF Il Preliminary (368 pb™) |- D0 (Runl)
W — v 36 + 4 B {0 number of Extra Dimensions  [beed -7

W — ev 17 + 9 14— Mj, : effective Planck scalrelzs T

Z- 31 szl e e

QCD 15 £ 10 2 o
Non-collision 4144 -

Total predicted|265 + 30

Data observed | 263

Number of Extra Dimensions

Uncertainties:

stat+syst: 11% World
(bckgd from

data) B € St

Limit '




1.80E+32

1.60E+32

1.40E+32

1.20E+32

1.00E+32

B.00E+31

Peak Luminosity

B.00E+31

4.00E+31

2/00E+31 1

0.00E+00

Warwick, April 2006

Tevatron

—p-
-

= e —
=

Main Injector
& Recycler

. il

Collider Run Il Peak Luminosity

+—— Wortld record 1.7185 E32

Jan. 2006

| & Peak Luminosity + Peak Lum 20x Average |

1.80E+32

1.60E+32

1.40E+32

1.20E+32

r 1.00E+32

+ 8.00E+31

r B.0ODE+31

400E+31

200E+31

0.00E+00

Peak Lum 20x Average

Weekly Integrated Luminosity [ph )

2500

Typical « recorded » to « delivered »

luminosity ratio: 80 to 90%

~1.2 fb'! on tape for each expetiment
0.2 to 0.4 fb’! for results presented here
4 to 8 fb! expected in 2009

Collider Run Il Integrated Luminosity

20.00

~ 1.5 tb! delivered

15.00

10.00

o
=2
=

000

e oyl ”” | || HI‘H ‘H

5 15 25 35 45 55 B5 75 BS 85 105115125135 145155 1685 175 185 195 205 215 225 235 245 255

Week #
(Week 1 starts 03/05/01)

|-Week\y Integrated Luminosity —e—Run Integrated Luminosity|

160000

r 140000

r 120000

r 100000

r 800,00

00,00

400.00

200.00

0.00

Run Integrated Luminosity (pb™)



{m}a

Do detector

MINI
DEIFT

DN T

i

SANNANNNNN A
[T
[]

i F S FFTFTE
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Hierarchy problem: Why M, ~ 10 TeV >> My ~1TeV ?

Arkani-Hamed, Dimopoulos Dvali
(ADD)

® SM particles confined to a three-dimensional « brane »
* Gauge interactions: embedded in a « multiverse »: the
three standard plus additionnal compact dimension
* Graviton can propagate in the multiverse
* Gravitons propagating in compact extra dimensions
appear as a tower of Kaluza-Klein (KK) excited modes
(point of view of the SM brane)
* Radius of compactification can be as large as 1 mm
* Gravitons are free to propagate in extra dimensions
-> gravitational appears suppressed on the SM brane
-> the apparent Planck scale is ~ 10" GeV with
respect to the 3+n dimensional space but the

Excited states with masses n/R®

(n=number of extra dimensions, R: compactification radius)
Coupling to matter & 1/Mp,

Continuum of KK states -> cross section ~pb

Randall-Sundrum (RS)

® two branes (Planck and SM) in a slice of AntideSitter

space-time (AdS;)
* gravity originates on the Planck brane and the
graviton wave function is exponentionnaly suppressed
away from the brane along the extra dimension due to
a warp factor (metric)
-> low energy effects on the SM brane with a
typical scale: A_~ M ; exp(-knR) M,
=M,, /8T
-> hierarchy problem solved if A_~ 1TeV ie kR
~10

Only one dimension
Massive resonances not equidistant in mass
First excited state: cross section ~pb




Signatures at the TeVatron

Real graviton emission
-> monojets

LED: Virtual graviton
f f vV effect
Gy, Gy, RS: real graviton
-> fermion or vector
boson pairs
(resonance in RS)
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Jets are reconstructed from energy deposits in the calorimeter using a cone algorithm
Jets are made of different kinds of particles (y,m, K, p, n) for which calorimeter responses are different.

Moreover: there are energy depositions in the calorimeter from spectator interactions, additionnal pp interactions,
electronic noise, and noise due to radioactive decay of uranium.

Furthermore: not always all particles in a jet deposit energy within algorithm cone.

-> all these effects produce a distorsion in the jet energy and the particle level jet energy can be obtained from the measured
jet energy through:

Offset energy(multiple
gt %Hf\ L — interaction, underlying event
%: ' energy, electronic noise,
% @ [ %@i uranium noise and pile-up)
' ' A
Calorimeter response to the Fraction of pqrticle jet
hadronic jet energy contained within the
algorithm cone

Zero Bias (ZB) and

y+jet events (p,. imbalance) dijet events %ﬁgtﬁefis

Jan lovey,

VVarwick, April 2000



Technicolor
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Warwick, April 2006



Projection Z->ee

Tevatron projections for Z2'—> ete~
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