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Tools: Accelerators

V5 = 320 GeV

Antiproton
1TeV

Tevatron 1’ b
ﬁsnur":-:-e £ Main ;njectnr 2

& Recycler =

Radius = 1 km
Integrated Luminosity: 130 pb™' / exp. HERA |
(~85% e*p) (1994-2000)
0.1 fb™ / exp. Run I, 1992-96 350 pb' /exp.  HERA I+lI
1.3 fb" / exp. Run lla, 2002-06 (~50% e*p) (+ long. pol. e)
4—-8 fb' /exp. Run llb, until 2009 600 pb™ / exp. until Summer
2007
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Tevatron: The D@ and CDF Experiments

Forward Mini-drift Central Scintillator Forward Scmhllator

D@ strengths: chambers | | Semmaanaator]
Muon system with large acceptance, e
hermetic calorimetry Shldg | o
CDF strengths: .
large Level 1 trigger bandwidth,
central tracking

New Solenoid, Tracking System
Si, SciFi,Preshowers

+ N;w;r Electronics, Trig, DAQ

Typically:
Electron acceptance Inl <2.0-3.0
Muon acceptance Inl<1.0-2.0
Precision tracking (Si) Inl<2.0-3.0

|I| | \ lime of Flight

| R Detectors are well understood and take

- data with ~80-90% efficiency
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HERA: The H1 and ZEUS Experiments

H1:
LAr calorimeter, optimized for
scattered lepton
ZEUS:
Compensating Uranium calorimeter,
optimited for hadronic final state
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Tevatron vs. HERA

® Tevatron is at the energy frontier, generally with the highest mass
reach, although parton-parton cross sections steeply falling

® HERA is not an annihilation machine 7. Tevatron v
¢ The cross sections for pair production of new heavy particles are
often small
+  Single particle production is usually investigated v/ Z
¢+ No absolute mass limits, limits depend on coupling of new particles to
SM ones
, q P
® “Model independent” searches
+  Pick SM processes with small cross section HERA
+ Investigate all possible final states, and compare data to SM v, (e)

expectation
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Isolated Leptons + Large p_* HERR

Long, long ago...

; F —
DESY 94-2438 { o
December 1994 = L. [’:1 — “ —p
. R

N==

Instrumented Iron

a) g

Observation of an e*p — "X Event with High Transverse Momenta
at HERA

Compatible with W
production (expect
0.03 events)

€

H1 Collaboration

Abstract

At the HERA electron-proton collider an event has been obhserved in the H1 detector
which shows an isolated muon recoiling against a hadronic system, both of high transverse
momentum. The event was registered in a total integrated luminosity of 4 pb~1.
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Isolated Leptons + Large p_*

p, " = 44 GeV

|

—~ A
: ,‘,?:,' N
. . . ¢ .v ’
Isolated y a\l
electron - final
i . state
X
low p.

meiss
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isol. lepton

HERA

@

H1 (prelim.) e channel H channel
279 pb' | obs./exp. w-cont) | obs./exp. w-cont)
Full sample | 30/27.2 + 3.8 es%)] 10/ 7.2 £ 1.1 (31%)
pTX >25GeV| 11/4.720.9 eo%) | 6/4.3 0.7 78%)
ep(121pb")| 2/2.4+0.5 6% | 0/2.0%0.3 76%)

107 b

e*p (158 pb”)@3 + 0.4 s0%)

6/2.3 + 0.4 qer >

I+PMss events at HERA 1994-2004 (e"p, 158 pb")/’
10°

PX (GeV) e andp channels

+PMss events at HERA 1998-2005 (¢'p, 121 pb’)

]

= @ H1Data (prelim.) Np,,=28 = ""E @ HiData(prelim) WNp.=12
= AlISM N, =18.52.6 5 - == AlSM (prefim.) Nz:a=15.8i2.2
- [ signal 2 [ [ signal
= m o
:=+— 10
= | +
3 i3

II|IIII|II\IIIIIIIIIIIIII\IlIIII 1111 10-1 IIII‘II\I|IIIIIIIIIIIIIIIII\I'IIII -
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

PX (GeV) e andp channels

Excess in e*p data only?!?
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Isolated Leptons + Large p_*

ZEUS (prelim.) e channel 4 channel
obs. / exp. w-cont, obs. / exp. w-cont)

12GeV <p,*<25GeV|249 pb™™: 5/3.5£0.4 se% |126 pb™': 2/1.4 £ 0.2 ss)
p,*> 25 GeV 249 pb': 4/4.4£0.561% |126pb': 2/1.4£ 0.2 86%)

ep 143 pb™': 3/2.86 £0.46 (530 | 126 pb™": 2/1.4 £ 0.2 (s6%)
ep 106 pb™: 1/1.5 312 zexy

No excess in ZEUS data!

Anomalous top production via FCNC could lead
to observed H1 excess, but does not explain:

isolated

lepton plus — e'p/ ep asymmetry

meiss

Signature — H1/ZEUS asymmetry
anomalous anomalous large p.”
magnetic Z vector
couplingy  coupling Z (not excluded by Tevatron/LEP)
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Isolated tau Leptons + Large p_*

Hadronic tau decays identified as jets with low track
multiplicity and “pencil-like” shape

©+ PSS gvents at HERA 1994-2004 (e"p, 153 pb™)

N

= @® H1 Data (prelim.) Np,.. = 8
5102: = AlsM Noy = 10.8+ 2.5
> E [ ] Signal

@ F

10-0 10 20 30 40 50 60 70 80 90 10C
P}/ GeV
H1 (prelim.) | T +p, ™
279 pb™ obs. / exp.
Total  |25/24.2 3420
p*>25GeV | 3/0.74 7713
ep (125 pb') | 3/0.35389
e'p (153 pb*') | 0/0.40*3:10

Arnd Meyer (RWTH Aachen)

T

+ P"ss events at HERA 1998-2005 (e'p, 125 pb™)

- ® H1 Data (prelim.) Npawo = 17
E B= AllsSMm
- [1 Signal

4

Ny, = 13.5% 2.8

0 10 20 30/ 40 50 60 70 80 90 100
P}/ GeV

PJriss = 59 GeV

HERA

Pf =14 GeV PX =51 GeV

missing p;

Remarkable events with isolated tau lepton, missing E_, and

large p., in "p data
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Isolated tau Leptons + Large p_* HERA

HERA | e*p data 130 pb': [
: . _ =

w 10 — —
E @® ZCUS94-00data [ | SM !
i 10 ssases Single Top MC W only ;

.

1 s

1 S

10 sssesmpamannnn 2

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

Events
j ._i d
_: _

(W) 4
\"
S
©
o,

10°
Preselection: 7/22%3 s
: 10
S;rci';f)‘l’:;‘:';::grate—’ D : 0.95: 3/ 0-4t§11§ Phys.Lett. B583 (2004) 41-58
. +U.
T-jets from g-jets P, > 25 GeV: 210253 Slight excess in the tau channel
X . 0.39
P, > 40 GeV: 1/0.07%5 HERA | data, so mostly e*p data

Another x 2 in integrated luminosity is not sufficient to clarify the observed anomalies in isolated leptons
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. HERA
Multileptons

earch for:
leptons: ee, uu, eu
leptons: eee, eup

eTp (£ =156 pb1)
243 leptons

€ P (c=119pb ")
243 leptons
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is elastic yy scattering "'~ 555 o gpifpulzm, 5 Pair Production
» P, (GeV) * P, (GeV)
(o €
. . H1 Preliminary 275 pb™
Excess at large 2p_(leptons)is = p-> 100 GeV Data S
from HERA | data [EJC31 (2003) 17]  HERA I+l (275 pb™) 1.1+£0.2
et 156 pb™ 0.6 £0.1
e 119 pb) 0.5+0.1
jow p_, low m ZEUS: HERAIanalysis (130 pb™") events with two or more electrons:
v ” Type ata SM
all 17 248.5 + 3.9
1> 30 GeV 7103
M., > 100 GeV 1.14 £0.09

Compatible with SM expectation
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Multileptons / Doubly Charged Higgs

Dedicated search for
ee, ey or et pairs with equally
charged leptons (=beam charge)

o)

HERA | analysis (118 pb):
ee: 3/2.45+0.11
Results: eg: 1/4.12+0.44

) et: 1/2.07+0.54
+() na
C > e
1 | | | I
*(+) |
w2 ¢ f_"cm | __
p —p.X | '
T
A
_ Excl:-lgged by Excét;dfd 06‘0*\3\
CDF, hs, \\)6
_ +
lower limit on mass of H* ¢
assuming exclusive coupling
heu e‘c=0.3 to el (E’C) 10 '1__ BR(H™— e'w)E100%
at 141 GeV (112 GeV) | H1;

80 100 120 140

HERA

1h =03

eu

M,, (GeV)
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Sighature-based Searches at the Tevatron

Tevatron

Run |l results just beginning to show up, expect more to come

Search for vy + X, X=y

‘:?_ EI o CDF Run ] I!"rellmm::lrg.r 'IIOZO pb e
W + X In 0.7 tO 1 fb_l % 6; —SlandardModel_g % 4.2
7 F E S 35
X=e 2vs.45+08 2 4 | + = g 3
X=p  0vs.05x0.1 54 | : : 5
X=y 4vs. 19206 S8 f || 1 E 1.5
< ] 1
1t %& E 0.5
0 20 40 60 80 100 120 140
vy Mass (GeWczj
| y+ Missing E, in 0.3 fb* X
S Y
|=e 25vs. 19.8+3.2 20} ]
— = T
= 18 vs. 15.3%£2.2 S1
(CDF Run | excess not confirmed) g“’
(Also multileptons + photon)

Er (GeV)
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60 80 100 120 140

CDF Run II Preliminary, 1.1 fb'

. W

O WZ

7z

B 7> ce

B Z —pp

I w—oev

[ ] Herwig dijet p; > 40
= Data

E'_'L""'-Il- T T T
200 400 600 800 1000

(GeV)

ee ee

— ZZ — eeeein 1.1fbt

O events above 400 GeV
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Standard Model Higgs

(Worth a talk on its own)



Tevatron

(SM) Higgs Overview

1 OSM HiggslProd_uctioln (pbl) | SM Higgs Decay:
gg—H ° o bR < 135 GeV H — bb dominant
0 g > 135 GeVH - WW
g
- WH
0.1 -:‘3 q P St |:|
Tj ZH q W,z
X
W,z
ESAiHBHSSERIERHAA 1 2 1 N 1 2 L .\( . H - WW(*)
100 120 140 160 180 200 e WH=Ivbb
my (GeV/c?) o WH — WWWO
_)
Experimental challenges: the full program!
O
(Lepton ID, missing E , b-tagging, bbbar mass ZH — vv bb
resolution, angular correlations for WW, ...) ® /H-llbb
® Higgs searches with taus
Sensitivity for SM Higgs above LEP limit (m > 114.4 GeV) I—?g
®

requires ~ 2 fb™' (per experiment)
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gg -~ H, H-> WW()

— Use [L dt =950 pb" of dilepton data:

2 high p_isolated leptons with opp. charge: ee, e here

E_>20 GeV

— Additional kinematic cuts to suppress physics backgrounds,

depending on Higgs mass
— Exploit spin correlation in decay

W+ e’
2’ > (S D
<< < =< >
Vv W- e

— Remaining backgrounds: Z/DY, Diboson
production, W+jet/photon, ttbar

Arnd Meyer (RWTH Aachen)

6. July 2006

Tevatron

Preselection e data
HlZ-ee
r Bzt
. [_1QCD fakes
4L COww
10 £ [COwW-ev
c Bl zzWzZ
I tt - ee
10° 3 —— 160 GeV Higgs (x10)
2=
10%F
10+

_1_
10°5"20 40 60 80 100120140 160180

Invariant Mass (GeV)

Preselection | °

1035—

102

data
Iz
1 QCD fakes
Cdww
COw-siv
Ot —epn
HlZ-
I wz/zz

— 160 GeV Higgs (x10)

1 15 2 2
A ¢ (e, p) (rad)

25 3
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gg -~ H, H-> WW()

Example: expected and observed number of events for m =160 GeV

Diboson W+jetly Z/y* tt Total Data
24.6+0.2 6.7+1.6 0.02+0.01 3.240.1 34.7+1.7 28
a F
e Fr
102
s E &
ol
L% W
5 [ O
4 r D :
o 1 c -g Ath Generation Model
- O
- x \
107 - / Standard Model ——
EI 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I
100 120 140 160 180 200
Higgs mass (GeV)
Arnd Meyer (RWTH Aachen) 6. July 2006
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Tevatron

Associated Production: WH, W —->1v,H — bb

Major benchmark channel

New CDF analysis with doubled data sample and implementing NN b-tagging

— One central isolated lepton with p_> 20 GeV

— Large Missing E_ (> 20 GeV)
- Two jets (E_> 15 GeV, Inl < 2.0)
\ — Two jets tagged by Secondary Vertex Tagger

OROne jet tagged by SecVix AND NN
— Veto Z and ttbar dilepton events

Ol o

NN trained on jets tagged by Secondary Vertex Tagger

NN b—tag kee psS 012, ff MC SVX-tagged bottom jets T - w ti MC SVX-tagged bottom jets !
90 % Of b jetS, 0‘45 tt MC SVX-tagged charm jets ; 0.1§ tt MC SVX-tagged charm jets -
and rejects 0.08] S ——— - O'AE fl MC SVX-tagged light jets o
50% of c jetS, e - . 3
J E beaut h - 005 beauty vs. light 5
65% of 000 eau y VS. charm o
s - 0.04] -
light-flavor 00 oz -
jets ] , , , , o ‘ . . ‘
0 0.2 04 0.6 08 1 0 0.2 0.4 0.6 0.8 1
b-c Trained Network Output b-l Trained Network Output
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Events / 20 (GeV/c?)

Events / 20 (GeV/c)

Associated Production: WH, W - 1v,H - bb

= 1 b-tagged jet

CDF Run Il Preliminary (695 pb'1)

= 1 jet tagged by SecVtx and NN

= 1 b-tagged jet

Tevatron

S0
—e— Data
goF- [ WsHeavy Flavor Jet Multiplicity wio NN tag w/ NN tag " CDF RUN Il Preliminary(695pb)
70F- E oD Before b-taggi 10647 10647 € 900 e Data
o [ ] Diboson/z°—1t . I.I>.I 800F [ ] w+Heavy Flavor
e [0 e 7pb)sSingl Top ] 1304 £ 446 1202+ 411) 5 ¢ [ Mistag
50F 38 Background Error Wee 489+ 167 33.7+ 115 5 700 S I non-w QCD
a0l f =l We 474+£124  250£65 24y \\;\ [ Diboson/z*>
- \ i1(6.7pb) 4314+73 37.8+64 S b [ (6.7pb)+Single Top
3oF \+ Single Top 227 +24 201421 < 500K {1 Background Error
201 e Diboson/Z? — 77 170+ 25 106 1.7 400F
1oL Ol non-W QCD 444+ 77 205+51 3005 Bl
o v P e altili e, Total Background 47341669 3188 x 547 N
0O 50 100 150 200 250 300 350 400 450 500 Observed(> 1tag) £12 335 200;—|—
Dijet Mass (GeV/c?) = 1005 s B
= 2 b-tagged jet e
— - . | | |
CDF Run Il Preliminary (95 pb-1) = 2 Jets tag ged by SeCVtx W+1 jet W+2 jet W+3 jEt W+= 4jel
oF - Jet Multiplicit
g s Daia Mistag 31105 pcty
B [ ] W+Heavy Flavor
é [ IMistag M
i N\ o i i used to signal
F 3 Diboson/Z°—1t
6; ‘%: [ 1i6.7pb}+Single Top _WC 0.0£00 . g .
5F e 33 Background Error tt(s_?pb) 75 :I: 1 3 normal Ize reglon
E 3 —— WHx 10 (m =115GeV/c?) . .
1| | SlngIeOTop 3.0+03 HF fraction
e | N Diboson/ZY — 771 08102
oL Ny non-W QCD 10402
iE 1it8 } Total Background 306 £ 56
=l el R =5 Lt Observed(>2tag) 29

0O 50 100 150 200 250 300 350 400 450 500
oA 2
Dijet Mass (GeV/c")

For M, =115 GeV/c2, o( pp— W* H)yx B(H —bb)< 3.6 pb

(20% increased sensitivity by combining 1+2 tagged samples instead of >1 tag)
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Tevatron

SM Higgs Combination

Tevatron Run II Preliminary

3
o N - B S
= . f o DE o WHoWWW, - 2B mdivewentll
E L = CDF: 194ph! . — .*: - w=ss Expected ZH->nunubb:289 pb-1
- — - ‘_' _ E i :—>W“::lv‘::‘6; p::-lsco b-1
q 10 2 ‘.,-'. 1 T . - El 02 | — (;’li)p:il:mbi.:d:zs:ﬁ;sv ;)b-lp '
___-::: : D0: 363-384 pb.'l_ - H;leg'w'—b)_;\'lv E F g Expected‘CDchoml-)inedilc
(’j I .> CDF: 360 pl : d E % D0 combined:261-950 pb-1
X B30 i B 350 pb T . ® | :
K 10 = B |
g WHobh N B 10 =
DO: 378 pb’! oot C
H DO combined P
| incl. H=WW-—pvuy 325 pb ™~ _
] - - 1 L | L | L | L | ) |
O R R T T ..o 120 140 160 180 200
110 120 130 140 150 160 170 180 190 mH (GeV)
m,, (GeV)
Analysis techniques and improved b-tagging (NN)
New: D@ combination of 14 channels, for the first Improved calorimeter calibration
time all major search channels put together Reduced Jet Energy Scale uncettainty
Brand New: CDF combination More efficient and precise object ID
Goal: 95% CL for a 115 GeV Higgs with 2 fb Reduced backgrounds/(better dijet mass resolution,
combining both experiments cal-track-jets)

More data, combine experiments
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Supersymmetry



Supersymmetry

® Supersymmetry (SUSY): fundamental symmetry, relating

Bosons and Fermions iid
f ‘
® Stabilizing Higgs mass (“fine-tuning’) b W W odn o
¢ m(Higgs) < 135 GeV (MSSM) -
¢ In good agreement with expectations from EW fits f 6

& _
Aay g =
— 0.02758+0.00035

® “Running” of couplings is sufficiently modified to allow Grand 5

e . . A === 0,02749+0.00012
Unification at a single scale 41 nel. low G dat -
: - - : : Nx 3; 5
2 60 [ WA B . L | | < 7
SM 2- -
50 |- .
40 [ 1__ Moriond |
Excluded \. / 2006
30 | 0 ) '
g 30 100 300

20 Fo g m,, [GeV]

http://lepewwg.web.cern.ch/LEPEWWG

10 F

OE\\\

0 5 10 110510gQ http://www-ekp.physik.uni-karlsruhe.de/~deboer/

® | SP (Lightest SUSY Particle) is candidate for dark matter
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Supersymmetry — Signhatures

Spin 0 1/2 1 3/2 2
Higgs h°,H°,A,H* Gluino g Gauge Gravitino G Graviton G
Sleptons [ Leptons bosons
Squarks q Quarks
Gauginos X*,x°

® | EP searches for charginos, sleptons, higgs: m(i =)>103.5 GeV, m(?)>95 GeV, m(h)>114.4 GeV

® Signatures depend on model assumptions (e.g. MSSM: > 100 parameters)

. - : _+1 SM
+  R-parity conservation: E_ due to undetected LSP R-Parity R= " Jgy

+  Different models for SUSY breaking mechanism have various phenomenological consequences: jets,
leptons, photons, long-lived particles

® Benchmark-Scenarios allow systematic study of supersymmetric models with realistic effort,

simultaneously incorporating experimental and theoretical bounds (e.g. “Snowmass Points and
Slopes”)
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Supersymmetry — Signatures

Studied in great detail is m\SUGRA: gravity mediated
symmetry breaking, only 4 Y2 parameters

— Scalar and gaugino mass at the GUT-scale, m and m_,

— Trilinear coupling parameter A _

—tan B, ratio of the higgs vacuum expectation values at the
electroweak scale

— sign(u), higgsino mass parameter

Missing transverse energy (LSP)

and/or many jets

and/or many leptons from cascade decays
(but: can be soft)

Arnd Meyer (RWTH Aachen) 6. July 2006
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Tevatron

Squarks and Gluinos

® pp collider: production of squarks / gluinos through strong interaction — large cross section

e LSP assumed stable (F{p conserved) — signature: Jets + ET

® DQ@: [Ldt=310pb", CDF: [L dt=371pb"

i DO & < o0
L
: 500 = il
Rk 4 jets
-
=
; o -
. K 400
i m- =mx |
q = _

3004 2,3 jets q q
2/3/4jets + large E_ (%%
Separation between E_and jets 2007 —a T

. ‘ 2 jets
Veto isolated leptons 100 P :
Missing E; q q
H. = sum of jets p_ 0 F—— . .

0 100 200 300 400 500 600
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Squarks and Gluinos

[=1]
(=
o

Tevatron
mSUGRA

(4]
(=1
(=]

=9
(=]
(=]

Squark Mass (GeV)
W
3

Analyses Background Events
expected observed

D@ > 2 jets 48145 6

DO = 3 jets 39+1.5 4

CDF = 3 jets 82+29 2

D@ > 4 jets 10.3+24 10

200

100 241 GeV
Ep m > 325 GeV
mSUGRA: tanB=3 (5), A =0, u<0 0 ............ N

“Gluino™analysis before final selection

E 107 D@ Run II, 310 pb’
o F  Data
.l ‘QCD"  Mwiz+jets,tt
£ 19 — Fitted QCD
> s T
w L
1E
10"
250
/[ E; (GeV)
W/Z + jets (with v)

Arnd Meyer (RWTH Aachen)

>

8102 —& Data (L=371pb™)
o F B aco

@ L ¢+ aco

L0 [ w, z, ww + £ + QCD
e £ e mSUGRA

> C

T

100

CDF Run Il Preliminary

(M, ~ M, ~ 363 GeVic?)

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

Er [GeV]

6. July 2006

L

|IIII|IIII|IIII
Tevatron Run lI:

— DO observed

---- D@ expected
—— CDF observed

---- CDF expected

™ solution \Y_
(q g)>387GeV
for m(Q) m(g)

300 400 500 600
Gluino Mass (GeV)

(Note CDF and D@
treat theoretical
uncertainties
differently)
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Tevatron

Stop in charm + Neutralino

® Third generation is “special’

¢ Large left-right mixing e.g. ~ m(top)
¢ Stop could be the lightest squark

® First scenario; ;
1

stop NLSP and x LSP with stop -» c X
(relevant as long as m(stop) < m(b) + m(W) + m(X);
in SUGRA, needs M, < M_at GUT scale)

Stop Dalr DrOdUCtlon 100 CDF Run Il Preliminary (295 pb'1)
nr"' :Ilclanl'Dlg\islu:-llzl | TTTT | TTTT | TTTT T II£I T |slelrlvle| TTTT | Ié

. % 30E * Data h;' 90 f_Thnnretical uncertainty incl. /- ' g:pecteg limit

- 2 aco p I anar J ets O T Osv & F POF and renormaization /" —DgRun2 3
] ° I m(stop) = 130 GeV [Jsigml —~80F Z orunt

= 1 c-jet (soft tag) s B [ mX)=50GeV  Hu | Sl oo LEPSSET

. . g r F ]

— Missing E; 0 0§ f
r DO Run I1 Preliminary sob. A2 E

15— I 3

_ : - 40f =

(cuts optimized for various 10 o E
m(stop),m(x)) Sf— 20% : é
0:...|..++i__ to= _§

: : 0 B] 100 180 200 20 == -
Main backgrounds: W/Z+jets Missing B (Ge) N S T T R T

M(t)) (GeV/c?)
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Tevatron

Stopinb /v (uu+eu) MSSM
De>

For certain parameter choices, most promising decay is

b + lepton + sheutrino

tanp=20, u>0
=110 DO Prellmlnary
' on: O = DO Run Il -
~ ,,.--"""# b | Stop .Dalr production: %100 o gg»g =
|t Two isolated leptons, A g0 ]
'I*# < missing E_, 7
v twob-jets (can be soft) =
o
k=
£ 6008
. 3
Single loose b-tag (uu) g
or number of isolated tracks (eu) instead of identified b- ~ *“F™ B e e e s R
jets (higher efficiency, reduced systematics) "60 80 100 120 140 160 180 200
Scalar top Mass [GeVIc _

Optimization depending on AM = M(t) - M(v) Combination of ex and uu
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Charginos / Neutralinos

Tevatron
mSUGRA

e “Golden channel’: Cascade decays involving leptons — three charged leptons + ;«T

® But: small event rate (o x BF < 0.5pb),
soft leptons

® 12 analyses (6/exp.), [Ldt~03-1.1fb" . P

w ¢ ¢+
¢ ee, eu, uu +3"lepton or track . -
; G N\e?"

¢ LS dileptons | e

¢ et +track, ut + track (interesting at large
tan B — light stau — many tau leptons)

® Selection:

10° 3

+  Three leptons (I/ + track), p_ > 3 GeV
(or higher depending on channel)

Events /1 GeV

¢ Missing transverse energy 104

¢+  Veto events with Z — [I decays
® Backgrounds

e Data
Bz ee
[z - tautau
Ew-enu
Y —>ee
B it 21 2b
CJww 2l + 2nu
CIWZ 3+ nu
[ zz 4lor 21+ 2nu
Cacb

102 =
¢ Multijet events with misidentified leptons 10
¢+  Drell-Yan, Z-production with Z — I g e s s 50160
. E; [GeV]
¢+  Di-boson
Arnd Meyer (RWTH Aachen) 6. July 2006



Charginos / Neutralinos: Combination

Tevatron
mSUGRA

. Lumi Total predicted Observd D@ Analysis Lumi (fo") Total predicted Observd
CDF Analysis
(pb) Background data Background data
etet etE, Pt 710 6.80+1.00 9 ee+track 1.1 0.82+0.66 0
UL +e/u +track +
310 0.13+0.03 0 MU 0.3 1.75+£0.57 2
(low'pT)
ep+track 0.3 0.31+0.13 0
ee+track 610 0.48+0.07 1
SS pu 0.9 11+£04 1
ee + e/u 350 0.17+0.05 0
Le +e/j 750 0.78+0.15 0 HT+rack 0.3 0.36+0.13 1
_ CDFRun 1l Preliminary: L=310-750 pb™ “3l-max’’: Iarge Ieptonic
@ ,, '_ MSSM: tan]3=3.].l>0. h"l(ig)jl\"l(iji?"zk'ld?) E 05 L '1- | LI L L L L L L L L L L L ] -~ O
2 Fe  — gk MOMERNO 1@ L " D@ Run Il Preliminary, 0.3-1.1 15' 7 BF (M(slepton) =~ m(x ") —
% ] I Opnpo<BR Uncertainty = - dr_a L 0 0 - 0 . .
= 1F 5| — 95% CL UpperLimit observed | & O-4F S MapeMm-2me): Mii-Mg) 1 sfermion decays dominate)
= 2 95% CL Upper Limit: expected | C o _ P e ]
% sl ﬁ [ 1 Expected Limit+ 1o % 0k ;;%._‘_‘ tanp=3, u=0. no slepton mixing
= Ve 2 Y 0 S 1 9’y .
gn 53 =60 GeV :;3: C 3 ?:P T — Observed Limit Larqe mG . DecayS via
R NG mo_ € > B ,%?& i - Expected Limit - W*/Z* domi
N stau mixing on © 0.2 + iy, - | ominate —
- - o, 1 leptonic BF smalll
04 =, Fo=nmamrmn,, L a ]
re u_1"""-'—'-l-|__ -------------------------- [ [ .-.__-
....... ;.._ -hw.-.-.- = 17 39
oaf | T e large-m, 1 “Heavy squarks” (no
I 1 1 11 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ’ [ | | : I T T T e .
_ H Ofo0 710 120 130 140 150 160 mMass unification): large cross
T T T T 20 sc Chargino Mass (GeV) section
Chargino Mass (GeVr‘cl)
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Tevatron

Charginos / Neutralinos Outlook MSUGRA

a L L R L I LN B

o .+ 0 Egm = .

= Search for ), — 3l+X Expected sensitivity (Tevatron combined)
™

g 10 MGG =2MGE); MO)>ME) E _

x =30, noskeponmiing 1 M(X ™) ~ 200 GeV with 2 fb™ in (optimistic)

0
142

“3l-max’-scenario

.
oy

.
.
«
a
-,
Y
-
T T T I T T L] I L] T T I T L] T I T T T
] -
| | \l 1 I I 1

1 III III III III
100 120 140 160 180 200 220 240

Chargino Mass (GeV) °r 7
= 5 & “:ﬁ‘ﬁ’ : N
Fit of an MSSM to experimental data (CDM, m , <= | 5T owssmuso ]

* e tanp=10,A =0

(9-2) , BF(b — sy), sin6_) [ eSf o104,

-~ ]
5 - 'E' o tanp =10, Ag=-my, _|
o " tanB =10, Ay = +2m,,, -
I~ L) -
=+ OOG Vf ﬁ O ¢ tanp =10, A, =-2m.,
~ — 0 vz
m(X ) - 2 e Or tan - 1 0 1 1 1 (.F} 1 1 1 I 1 1 1 I 1 | | 1 I 1 1 1
0 200 400 600 800 1000

Moo, M. [GeV]
Ellis, Heinemeyer, Olive, Weiglein
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R-Parity Violation

+1 SM

3B+ L+2S
(_ I ) -1 SUSY

R-parity: R ,=

S Spin
B Baryon number
L Lepton number

k=123
Generation indices

Violation of R-parity — 45 additional parameters (Yukawa couplings)

Uy

Aijk (9) AL =1 )\12<

X1
R, violated in decay

Many leptons

A O AB=1/3 x;],c

Jets
Difficult at a
hadron collider

Resonant production

A 'ijk (27) Leptons and jets
a X4
iz
AL = 1 )\211 ----- -
: L

Arnd Meyer (RWTH Aachen)

6. July 2006

Experimentally and theoretically constrained
(p decay etc.)

LSP no candidate for dark matter in RPV models
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Tevatron

R-Parity Violation

® Analyses in mSUGRA inspired scenarios:
¢ A couplings well studied (final state similar to chargino / neutralino “Trileptons”)

¢ A’ couplings: few Tevatron analyses; HERA terrain

® Strong constraints on more than one non-zero coupling, but interesting
signatures:

0‘05_""!""!'"'!""!""!""!""!""!
0.045E ... 5 :
Mapy:
0.04 | —0.160
0.035f |—0.128
102 . . . . — . 0.03F 0.096
0% F CDF Run 2 Preliminary, 344 pb 1 & oo2sf 0084
: e Dus < o op |zew2 | .z
N I ) ‘+ , e, 0.02 o e e e — B 5
L 10 ¢ e Mass - 200 GeV/c® 3 0.015 .. o S o o — %
o )]
0] b T Myp=0.16 0.01 _ ............ .............. .............. .......... .............. .............. .............. .............. .
g 1E Zotr . 0.005 [ .—— o
.g g n i : CDF Run 2 Prellmlnary 344 pb
:>: _ [l Dicoson 005 041 015 02 025 03 0.35 IJ4 045
10" M,, (Tevic’)
10

50 100 150 200 250 300 350

M,, (GeVic?)
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RPV: A Couplings

RPC production of charginos and neutralinos

RPV in (prompt) decay through A coupling leads
to final state with 4 charged leptons

e
Aljk
Y
X1 Vi Ty
Vj

Analyses require 3 charged leptons, combining e
electrons, muons, taus

— sensitive to Am, A, and 7\133

122’

In mSUGRA, exclude up to m(x3 ) = 119 GeV and
m(x*) = 231 GeV (tan =5, u>0, m=1TeV, A =0)

Arnd Meyer (RWTH Aachen) 6. July 2006

Tevatron

Hi_ -
My [GeV]
5 1?0 200 250 SCIJO
-8_ D@, 360 pb'1 —— Oy o (SUSY)
= o N expected limits
Q —— A,,, Observed
& —e— A,,, Observed
(2]
© " —=— Mg Observed
-
z
©
107 _ mSUGRA
m,=1TeV
oltanP =5, A =0 0
ox102ANP =5 Ag=0, >0 .
60 80 100 120 140 160
M [GeV]
D 20! D@, 360 pb™’
©) ]G ”
=] no-GUT MSSM
= 220] N D
180] |
] " X; is LSP
140/
] Exclusion domains
: Il obs. 2, exp. A,
1004 obs. A, — exp. i,
| LEP excluded obs. Aygq o EXP. hygg

20 60 100 140 180 220
M7 [GeV]
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Tevatron

RPV: A Couplings @ Tevatron

D5
RPV in production and decay

Non-zero A", _ coupling —

resonant production of smuon and
muon-sheutrino possible

Analyses requires two muons and two jets

0.02

Tis the

ESE 0.04

Combination of different channels 0.06
0.08

Interpretation within mSUGRA and model-
iIndependent cross section limits

95% CL Exclusion Contour for 1’,,,

0.16

Phenomenology becoming complicated...
— For reference point, this analysis excludes
A'>0.028 (Runl:0.09)
- Fora”_ . >0.10, exclude m(l) < 363 GeV

0.18

S| EP limit
q,=400 Gey
" tan(B)=5, u<0
0 50 100 150 200 250 300 350 400 450 500
m, [GeV]

0.2
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HERA

RPV: A" Couplings @ HERA

k
RPV: Single sparticle production —

e+

+ % ,
€ 12 Squark production
Gaugino production : |
1'!1.31.
d, u A u, d
d

Example: new result with non-zero A'm coupling — stop production

. ZEUS
L S
Combination of three channels 3 25U (prel 65 b
g MSUGRA:
140 M., =260 (GeV) Ay =03, tanB =6
e -multi jet channel v-multi jet channel n<0,4,=0
e’-jet channel 0
E+
100
ti / 80
l.LSL 60
Mxﬂ <30 GeV
d 40 (Excluded by LEP)
20
o .
. . 0 50 100 150 200 250 300
mSUGRA interpretation mGeY)
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Tevatron

Neutral Long-Lived Particles RPV MSSM
) - q = : e
4 Pair production of heavy 7Y .
neutral particles q < X1
2
Mass  O(GeV) -0 / :
cT O(cm) A1 _

e.g. MSSM with RPV

MC /| | tan=10, u=-5000

M,= 3,5,8,10 GeV,

[T <I/
I'T

M,=200 GeV, M,=400 GeV

A125<1.0, Mg=1500 GeV, M;=300 GeV

D@ Run Il Preliminary

= 10° .
2 |SO|ated muons, pT > 10 Gev i‘: 183 NuTeV 99% Exclusion y
' =106 o S
Vertex with 5 < r < 20 cm e o

Cuts on dca of muons

5 95% Exclusion (Preliminary)

L = 380 pb”

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

0
ELNEL) x BF(N,
-t b
VL

N(data) =0
N(backgr.) =0.8 £ 1.1 + 1.1

o(pp— N

Arnd Meyer (RWTH Aachen) 6. July 2006

Inspired by 3
unexpected NuTeV
di-muon events

Also: “Hidden Valley”
models, NMSSM, ...
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Tevatron

Charged Massive Stable Particles
Massive stable particles are predicted in many models

E.g.: pair production of stable staus (Gauge-mediated SUSY breaking with stau as
NLSP) [Model Line “D” from Snowmass 2001]

“Stable” = lifetime sufficiently long enough to DZ Run Il Preliminary

leave the detector undecayed 600
o -
] . "214005-
Signature: “Muon”, but with Qo
Ll -
- — Data muons

speed < ¢ and large mass 1000/ .

800 — 300 GeV staus
Selection: ool
— Di-muon data 400 —

— Timing in muon system to identify slow 20 iy, PR
R e s L) e i Lo .'ﬁ&ﬂ"‘rﬂ_ﬁw
-4 - 0 6 8 10 12 14

moving particles

— Kinematic cuts against Z — pu

with badly reconstructed flight time . 1 — speed
speed significance =

Energy loss not (yet) used; CDF: TOF speed

Arnd Meyer (RWTH Aachen) 6. July 2006 Page 39
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Tevatron

Charged Massive Stable Particles

D25
No events found in fL dt = 390 pb™, 0.66 + 0.06 expected background
Limit for stau production: sensitivity not yet sufficient
Alternative interpretation:

The lightest chargino can be sufficiently long-lived, if the mass splitting to the lightest
neutralino is smaller than ~ 150 MeV (e.g. Anomaly-Mediated SUSY Breaking)

DY Run Il Preliminary

10 -1
= L = 390 pb
3 — 95% CL Cross Section Limit
Q. 1 ' -
e S W I Rl NLO Cross Section Prediction
~
X —
+ —
> |
T 107 -
Q- E 3
g [ 3
© I =
102 W
= o
T - A 4 i
50 100 150 250 300

Gaugino-like Chargmo Mass (GeV)
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“Stopping Gluinos™

Tevatron
R-Hadrons

® (Gluinos hadronize into A-hadrons. Charged R-hadrons can lose all their kinetic energy through
ionization and come to rest. See hep-ph/0506242 (“split SUSY” — heavy squarks, light gauginos)

+ Lifetime between 10 ns and 100 sec, decay into jets + £ (LSP)

¢+ ~500 “stopped gluinos” in 2 fb™ for m(gluino) = 300 GeV

® D analysis:

+  Exactly one central, “oroad” jet with E_> 90 GeV

+  “Rapidity gap” trigger, as veto against pp interaction

¢+ No primary vertex, veto against muons

Run 871 Evt 61 02-Feb-2006 Run 185750 Evt 11867009 Sat Feb 4 09:26:15 2006

Triggers:
1 MET Hem e ——

ICD
W HAD

175

=
ET : wgg@%«m g
{GeV) : ]j‘\@ ’
4.7 H :
Cosmic
View 4, General
Amd Meyer (RWTH Aachen) 6. July 2006

Run 164170 Evt 62966279 Sat Feb 4 15:06:30 2006

Triggers:
1 MET M ev

a7
phi w = e
176:
\ I1
Bins: 46 T
Mean: 4.02

Rms: 6.78 MET et: 194.7
Min: 0.327

andldate
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“Stopping Gluinos™

Backgrounds (a selection):

— Cosmic muons, beam halo, detector effects,
diffractive events, ...
mostly estimated from data

Additional difficulties:

— Energy depositions are out-of-time relative to
bunch crossing (— signal shaping and
discrimination)

— Trigger
Data compatible with background expectation

Intervals in jet energy translated into gluino mass
for a certain LSP mass

E=(M;—Mjgp)/2M,

Arnd Meyer (RWTH Aachen)

10

10"

95% C.L. Cross-section Limit (pb)

6. July 2006

Tevatron
R-Hadrons

D@ Preliminary (L=350pb™)

_ Background

___ Signal (mG=400 GeV, xs=0.62pb)
= Data

EFn(gnluino) 400GeV

m(LSP)=90GeV

A R NN
100 200 300 400 500 600
Jet energy (GeV)

D@ Preliminary (L=350pb™
-o- Expected Limit
—>¢ Observed Limit

200 GeV

/

50 GeV 90 GeV
m(LSP)

10" a

| |
100 150 200 250 300 350 400 450 500 550 600
Gluino Mass (GeV)
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Tevatron

Gauge Mediated SUSY Breaking GMSB
p D&
Gauge Mediated SUSY Breaking: Gravitino G is LSP Lifetime unknown
Possible scenario: neutralino NLSP, X — yG Assume here: prompt decay
— Chargino / neutralino production leads to final state yy +E._ i
NLSP =1
— Inclusive search for 2 photons plus E_(JL dt = 760 pb™) >

D& Run Il Preliminary
e vy data

total BG

Selection: Two central photons with E_> 25 GeV o BG with true MET

Optimized cut &> 45 GeV

Data: 4 events, expect 2.1 = 0.7 events background

n

1 1 I 1 1 1 I 1 1 1
80 100 120 140 160

Missing ET, GeV

Limits for chargino and neutralino (N.=1, M_=2, tang=15, 1>0):
m(x2)>120GeV  m(x*)>220 GeV
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GMSB: Long-Lived Neutralino S

Now allow neutralino with significant lifetime:

- CDF Calorimeter
(xfatf) /

— Large Missing E_> 50 GeV
— Jet with E_> 30 GeV (other SUSY particle) / \
- “Late” photon with E_> 30 GeV

CDF Run Il Preliminary. 570 p&’

prompt y Y /\

-0
X1

E (;(]i:ti) P G

I r | — l ™TT ] ™TT I | B} I T 7
10 3
—e— v+, + Jetdata ]
— All i .
Collisions -
» Beam Halo
2 10 m Cosmics o=
Lq wass GMSB Signal MC g
i =
o |
= |
-t
©
> L g
i =2
1
10

10 -8 6 4 -2 0 2 4 6 8 10
Photon Corrected Time of Arrival (ns)

t, is the arrival time of prompt particles in the calorimeter
time resolution ~0.6 ns

10 events vs. 7.6 = 1.9 expected background

Arnd Meyer (RWTH Aachen) 6. July 2006

CDF Run Il Preliminary, 570 pb'

/‘n\ 30 T I rrTrT l Tyl I LB [ LI [ TrTT | 7T I LB I LU

0 d i

;J' B - Predicted exclusion region with a

E - v+Er+1jet analysis with EMTiming

= 25 ‘ ‘

L B Observed exclusion region with a

ci;.'é : v+Er+1jet analysis with EMTiming
20— —
15 —
10 —
| I L1 I 11 ‘ 1111 | 1

IIIIIIIiiII{II I\Illl!l'llll_
70 75 80 8 90 93 100 105 110

X, mass (GeVicY)
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MSSM nggS Tevatron

In MSSM, 3 neutral (h, H: CP-even, A: CP-odd)and2 -~ I—
charged Higgs bosons [Tt HA

Enhanced couplings to b quarks and T leptons

..................... b
BF(A — b b) ~ 90%, BF(A — ) ~ 10% g l> ----- HA

at high tanp, o(h,A+X) < tan2p

Three analyses so far:

[ DO
2 00 Data
— D@: b(b)h with at least 3 b-tagged jets (searchfor & | —  Total bkgd.
excess in di-jet mass) 1:@ o T 120 GeY
§ 20
- DO, CDF:gg —h,A— T (sophisticated 7-ID, [ tF - et

then search for enhancement in visible mass) 0 10 D?f}%t mass (G:\(l);) 20

Arnd Meyer (RWTH Aachen) 6. July 2006 Page 45



Tevatron

MSSM Higgs

m, -max: Higgs boson mass m, close to the
maximum possible value for a given tanf
no-mixing: vanishing mixing in stop sector
- small mass for h.

100, e 100
G 90C = G 90F =
- n . - n .
80 - 80 —
705 E 700 D6 1<t =
C ] C < :
60— — 60— . ¢ —
C ] C /DO >0 .
50 | E 50 — DG ttu<0
40 = Y= R DG ttu>0 J
30 D@ 260-325 pb' ... pg 1750 30 pb’ ggl': w ”<g 3
20 CDF 310 pb CDF 17 <0 - 20 TEREE
10 = 10
0 ) 0
80 100 120 140 160 180 200 80 100 120 140 160 180 200
M, [GeV] M, [GeV]

D@: combination of b(b)h and Tt channels
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Tevatron

Extra Dimensions

...come in many flavors: LED, TeV?, UED, RS

Two classes of models considered:

— ADD

2to 7 large (sub mm) EDs
gravity propagates
freely in the bulk
KK excitations
cannot be resolved
- RS

one 5™ (infinite) ED
with warped geometry

gravity is localized
on a brane other than the SM

KK excitations AdS
have spacings of order TeV

Arnd Meyer (RWTH Aachen) 6. July 2006 Page 47



Tevatron

Large Extra Dimensions

Main search streams at the Tevatron:

Real graviton emission
Apparent energy-momentum
non-conservation in 3D-space

O “Monojets”
Direct sensitivity to the
fundamental Planck scale M,

Virtual graviton exchange f f v
Modifies SM cross sections G G
Sensitivity to the theory cutoff Mg

_ - .

(Mg expected to be OM,) f

Arnd Meyer (RWTH Aachen) 6. July 2006 Page 48



Tevatron

Monojets

Searchin 1.1 fb:

::_ E:H —— Data
Main selection cuts: 0] wd ; g
- one high p_jet (> 150 GeV) RS o ettt et
(soft jets from ISR are allowed) 5o B Lr
. 40- + L}.
* isolated lepton veto m
« Missing E; away from jets 1 b | +++=..+M_ -
. |\/||Ss|ng ET > 120 GeV 100 150 20:“5““;5&(6&\%00 350 400
S = coFii (1117
: : : : 2 e DO (Runl)
Main background: (Z -vv) +et 5 v F*% | b Combined
Calibrated with (Z-1l and W-1v) + jet £ 1 ___ CDFliPreliminary
QCD is negligible i
]
779 events selected =
819 i 71 eXpeCted 2 Nunéberof Extlltra Dimenéions é
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High p_ Dileptons and Diphotons

Search in 200 pb'combines ee and yy to maximize the sensitivity
Fit of Data to SM+QCD+LED(M,)

Tevatron

|SM Prediction | D@ Run Il Preliminary

3 3 2 3

10 =107

I_%’102 =102, .
10 1 10415

10

06 10} .'*
200 400 2§ 1% 25
diEM Mass, ge(:, diEM Mass, g(:/ 3
. ED Signal | | QCD Background |
" . , . . .
510 Still world’s tightest limits:
[11]

10

1
10
102 |
200 400 600
diEM Mass, Gey

Arnd Meyer (RWTH Aachen)

Mg > 1.36 TeV
Mg >1.43 TeV incl. D@ Run |
(GRW formalism)

] 1 H
0 400 600
diEM Mass, Gev
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Randall-Sundrum Gravitons

Tevatron

Here too, most of the sensitivity is in diphotons (BR=2 " ee)

I QCD Background
1300 GeV RS Graviton |

> ]
[}

1 -
= D@ Runl, 275 pb’ a) 73
T o Data ]
(7] === Tolal Background =
c SM Background 3
[
>
w

DIiEM Mass (GeV)

Events / 24 GeV

D@ Run Il, 246 pb' b) 3

o Data
= SM Background
] 300 GeV RS Graviton

Two model parameters:
Mass and coupling (k/M,))

For k/M,, = 0.1: M > 785 GeV

Arnd Meyer (RWTH Aachen)

Combined ee + vy
as for the LED search

)
U doesn’t add much
E_ E 0-1 :\I T T T | T T T T | T T T T | T | T T I T T T i
X = 0.00 8 D@ Run 11 246-275 pb'
X TR N .
e e 008: ~\RSModeI95%C.L.EchudedDomaln ;
100 200 300 4°°D?g%§g%nggg(g%‘\’,) : E_ N ee+yy & combined ¢
C N 4 ]
0-07:— '\‘ _:
0.06 1 Sy =
- s,
0.05" S =
— - N, .
0.04F - -
0.03F- T
0.02F- =
0-01 E 1 -‘|"‘|'.f'-r':|' e i| HI ”iut [ IR R A B R ]
200 300 400 500 600 700 800
Graviton Mass (GeV)
6. July 2006
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Tevatron

Extra Gauge Bosons

Examples:

W’ in L-R models Z’ within E(6) GUTs

CDF Run Il Preliminary Di-Electron Invariant Mass Spectrum
o ”__gmsg CDF Run Il Preliminary [, o
104% J.L dt= 205 pb"_§ % ‘: = Drell-Yan
C N 310 = [ Jet Background
N-Q_ 103: E "m“ E |:| EWK+yy Background
% E gmai 1
B 10% E A J.Ldt=819 pb’
s i .
H 10; . =10 :
E‘ = o DATA F
€ 4L —Total Background - 10
S 2 Woeyv :
w o'l —Multlet
= —Other backgrounds E 1
10-2§_IIII| | |||||||| 1 I |||_§ 10-1 Illlllllllllllllllllllll Llllllllllllll
P 100 50 100 150 200 250 300 350 400 450 EOD
10 1 Di-Electron Mass (GeV/c’)
M. (GeV/c?)
M; = M(electron-p,,missing-E,) M(Z’-seq.) > 850 GeV
M(W’-seq.) > 788 GeV (somewhat lower limits in

canonical E(6) models)
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Leptoquarks

Leptoquark: — Boson with third-integer charge, carrying lepton and quark quantum numbers
— 3 generations, each coupling to one fermion generation only
(lepton number violation, FCNC)

q

; Lo 1 Tevatron: — Searched for all three generations

and different decays, with
200-400 pb”
! — Mass limits range from

117 to > 300 GeV

HERA: - Limits depending on coupling to
electron and quark
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Lepton Compositeness Searches at HERA ™

Recent example: Search for excited neutrinos

* * / * IIT
, -~ B = A
Vo — VY v — v/ -qq’ Vv — € -qq’
H1 Preliminary - Search for v»—w*f H1 Preliminary - Search for v —vZ_ . H1 Preliminary - Search for v*—eW
ﬂ 25 N ﬂ 40 e
& Hi1 Data (prelim.) = N ® H1 Data (prelim.) = = e H1Data (prelim)
1 AllSMProcesses g 20k T Al SM Processes o 35F [ All SM Processes
- = =
e'p, 114 pb’ W r ep, 114 pb” L 30 e, 114 pb”
15 25F
- 20
oF 15F
5 :_ 10 g—
N _ﬂl f t :I| + 5F
AP I P 1 ™ B oy P PR P M flnnnnllannallnn: N I i
100 150 200 250 300 350 %D 100 150 200 250 300 350 %0 100 150 200 250 300 350
M.. (GeV) M.. (GeV) M.. (GeV)

data/SM: [I2NATEGE2 88 / 81 £ 15 136 / 118 £ 22

H1 Preliminary v* limit 114 pb™' (e'p)
f=-f

H1 98-99 15 pb™

In general at HERA: all first generation excited fermions

e+

:f;'.:\ =1(M )

10° (EP (L3)
_|||II|||I||||||IIIIIIII|I||||||I|

100 120 140 160 1804200 220 240 260

M. (G
188 Gey M+ (G&V)
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Tevatron

Lepton Compositeness at the Tevatron

Contact Interaction Model Gauge Mediated Model
o, Q- yzZ B*ﬂ
T e A e
q e q e
diated model u*, contact interaction model
e*, gauge mediated mode = F _
- — g o° metlaeu Mo = ok D@ 380 pb’
- | : ] . _E
> 10-1 3 \ (@ 3 =
[<}) F . ECI 1
&) i : ] . E3
~ % C.L. i i & fO
é_ 10 | 95% C L; Excll‘{‘su’)n Region 5 ] ?w‘;% _m.> 618 GeV
—CDF e
O P ZEUS Eg
..... g1pA|_ wagﬁ —
100 F ‘ o —T.=2M. o Byt
00 500 300 400 ) FH — Limit (95% OL)| | |
Me- (GeVic") 10" "200 200 600 800 '[éoc\a,c]a
Exclusion up to ~400 GeV (GM) and ~900 GeV (Cl)
Also g* in different channels, other compositeness searches — no deviations from SM
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Summary

Status: 26-June-2006

HERA

250

The Tevatron and HERA experiments are
probing an ever increasing territory of
possible and impossible models

200

150 -

H1 Integrated Luminosity / pb™

100 -

Some scenarios lead to unusual and
spectacular signatures — e.g. long-lived
particles (prepare for the unexpected)

50 -

0 500 1000 1500

® There’s a large number of results | haven't Days of runing
touched (leptoquarks, many SUSY intograted Luminosiy ")
signatures, ...) — a very live and active 1
program!

8.2 fb!

Tevatron Run I

5.1 bt
4.1 fbr!

® All hints at new physics in the last 30 (?)
years disappeared again — it is about time...

9
8
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6
5 J
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3
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1
0

9/29/03 9/29/04 9/30/05 10/1/06 10/2/07 10/2/08 10/3/09
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2008 /9

Observation of Events with Multiple Photons in pp Collisions at /s = 14 TeV

We report on the observation of events with five or more photons in pp Collisions at /s = 14 TeV,
collected with the XXXX detector. In 1 fb~! of data, we find NNN events with at least five photons
with transverse energy above 100 GeV, incompatible with the Standard Model expectation. We are
not aware of any non Standard Model explanation for the observed excess. Detailed properties of
this class of events are given....

g oV edioef SUSY |
Te-1C “‘;\‘\55‘ Iu"‘fu\"‘ § NoT YEeT :-#*‘Q

-

*

S T":“‘“‘ (et~ Expect the Unexpected...
- 2 (:kthﬁv":‘l‘w*

do ) yenoy L

Murayama, LP 2003 summary

i ¥\
=<\ Q %’
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Tevatron vs. LHC

® SUSY cross sections at the Tevatron very small Teva_ltr_on LHC
— good understanding of SM backgrounds | | | S
required (SUSY-free control samples)

Process Tev—> LHC o
X'X~ (m=200GeV)  x 10

Top pair production ~ x 100 (Mrenna, Moriond
W+4j  (k>20GeV) x 500 EWK 2006)

1mb—

=
o
|

® Tevatron and LHC are “parton-colliders”

o (proton - proton)

® Important: proton structure (— HERA) 1nb
¢ Tevatron: often gluon density at large x B

¢ LHC: also small x

® Uncertainty of theoretical predictions

¢ Understanding of proton structure has significant ~
impact on sensitivity (sometimes larger than higher e e

order corrections / scale uncertainties) Y TR VR A T

Vs TeV
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Luminosity (fb ')

Accelerators

w Run Il Integrated Luminosity | 19 April 2002 - 22 February 2006
; r CDF and D@: 1.2 fb™ per experiment
: ) recorded (‘Run Ila”, 2002 — 2006)
: s
N Vet Plan: 4 — 8 fo™! per experiment
o v by 2009 (currently coming out of 3.5
: — months shutdown)
: =~ e
0.2 /.fj_ —
0.1 /’ﬁ/

LHC Start-Up Scenario:

August — October 2007 1x 110 156 x 156 bunches <10%cm?s’ 0 - 300 pb’
2008 936 x 936 (75 ns) 10%-10%cm?™’ 1 ... few fb’
> 2009 2808 x 2808 (25 ns) .. 10%cm?s’! 10...100fb" / a
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Tevatron

Sbottom MSSM

JL dt =310 pb™ collected with De5
acoplanar jet + E_trigger

Signal: generic MSSM, varying m(b) and m(X?)

10—+ T+

C‘E DQ Run | Prellmlnary oo Féun .
% i 310 péb" i
Y 80_ -------- 5
Selection: 2 or 3 Jets, E_ @ |
. = 60
>=1 “tlght” b-tag g i CDF Run|
Veto against isolated p, €, track (p, > 5 GeV) g 40: :
~ D o
Optimization vs. m(b) = »ol
low m(B) medium m( ) high m( ) Oo_;{ — 80 100 150 200
SM expectation  38.6 + 2.8 196+ 17 4.4+ 0.4 Scalar bottom Mass (GeV/c’)
Data 36 15 2
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Charginos / Neutralinos: T

e’ o
Track / % /

(Typel) (2) (QCD-Jet)

SUSY with light stau (large tan g) —
Final States with multiple taus

Tau reconstructed as 1 or 3 tracks associated
with narrow energy deposition in the
calorimeter

Several neural nets, optimized to separate
different decay topologies from jets

In existing analysis (tan B = 3), cross section
limit is improved by ~10%

Arnd Meyer (RWTH Aachen)

Tevatron

Selection | Expected Background Observed Signal (my+=110 GeV)
eef 0.21+0.12 0 1.9+0.2
epk 0.314+0.13 0 1.6+0.1
ppl 1.7540.57 2 1.3+0.2
1S-pepe 0.66+0.37 1 0.740.1
ett 0.58+0.14 0 0.440.1
ptl 0.364+0.13 1 0.740.1
Combined 3.8740.81 4 6.6+0.3
o) = |"$j"'|""|""l"'+'0|""|""|""|"_'1':
2 0.6F ' Search for y33, — 31+X DJ, 320 pb
=~ ""F M(c) = MG = 2M(c); Mistepton) > i) Preliminary -
-..c?_, L .'o, tanp = 3, u > 0, no slepton mixing -
C 0.5 —
o B Expected Limit (not) J
;;q 0. 45_ . —— Observed Limi _E
=N F ,,?0% Expected Limit .
2 % %, S N
© 0.3F -
0.2 @ 00 S =
0.1 —
E » Iarge m .
oLl Ll P S P s i g
103 105 110 115 120 125 130 135 140
Chargino Mass (GeV)
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R-Parity Violation

R'Panty RP:(_ 1 )3B+L+2S +1 SM

1 _ _ 1 _ S Spin
Wgrpy = 5 )\:jk L;LjEk + X:ij L,' QjDk + 5 gk U;DjDk B Baryon number
& ~ & ~ _ L Lepton number
AL =1 AB =1
),k = 1,2,3 Generation indices

L: Lepton doublet superfield

: : : E: Lepton singlet superfield

R, violated in decay Resonant production Q: Quark doublet superfield
Many leptons Leptons and jets in the final state D: Down-type quark singlet superfield

\ \ Yukawa couplings A, A', A"

9 + 27 + 9 free parameters
experimentally and theoretically

ptet vy U
I constrained (p decay etc.)
. -.p‘é;’: e pu T L s,;p‘,;e e /T
~ < Xl ~ o
< “< 2 LSP no candidate for dark
) A133

) matter in RPV models
(For non-zero L;Q; Dy-coupling)
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A I _
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> NN NS ———

Sensitive to new physics, e.g.:

— Models with extended higgs sector (2HDM)

— e.g. MSSM: BF ~ tan®g
— minimal SO(10) GUT
— R-parity violation

b

=

\

N

Arnd Meyer (RWTH Aachen)
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Tevatron

Standard model:
BF (BS—*HH) ~3-4.10"

d t b
w Sy m
]
| O, HP, A
]
! s ¢
> 60000
= - DO
= 50000F- /J/w
= -
Q -
¥ 40000F-
5 E (O(b
2 30000 -/ Y% Y(1S, 28, 39)
20000F SM signal ( x 10°) \
- B,— wr
10000 L__,K‘/
E J’x\
0 4 6 8 10 12
invariant (1 1) Mass [GeV]
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Tevatron
B_— uu

After optimized selection (lifetime, isolation):

Constrained MSSM

-1
CDF Preliminary 780 pb tan3=57, u>0
Bs(d)au"u' CMU-CMU 1500 [

w

entries / 20 MeV/c?

2

4 Search window
B, search window

sideband

|

1 | Il Il 1
4.8 5 52 54 56 58
M,/ GeV/c?

__sideband

-

‘If

New result from CDF (780 pb™):
BF(B.> pr ) <1.0x107 (95%C.L)

100 1000 2000
“Only” factor 30 above SM expectation
y P my;; (GeV)
n . Ellis, Oli
LHC sensitivity expected to reach SM prediction s, Olive, Spanos
Arnd Meyer (RWTH Aachen) 6. July 2006 Page 65



