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Overview

® very fertile field — try to cover subjects
updated since last summer

® targeted model specific searches, among them
many old stalwarts (LQs, SUSY,W’/Z’)

® more recent additions to the non-SM repertoire

® |ast not least, global/’model-independent’ analyses
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Overview

® [eptoquarks (Hera & Tevatron)
® Technicolor (Tevatron)

e SUSY

® Charginos & Neutralinos
— Trileptons (CDF, DO)

® Squarks & Gluinos —
Jets + MET (CDF, DO0)

e Stop (CDF DO0)
e GMSB — 2 Photons
o W/Z

® |arge Extra Dimensions
—Monophotons / Monojets
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4th Generation

Maximum Flavour Violation
Excited Quarks and Leptons
long-lived particles

Isolated Leptons (Hera)

VISTA/Sleuth



Data Samples

® Tevatron Run ll: 4/fb delivered, up to 2/fb analyzed;
target of 8/fb/experiment until Fall 2010

® Hera:final (June 2007) sample of 0.5/fb/

experiment, distributed over e+/e- and beam
polarisations
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Leptoquarks: HERA & Tevatron

® carry both quark and lepton quantum
Y q P q

production & decay at Hera

numbers (within
Buchmuller-Ruckl-Wyler
® appear in GUT’s, extended Technicolor, model)
Compositeness
F =2 Prod./Decay | 8. | F'=0| Prod./Decay | (.
® Tevatron: pair production of all three | Scalalr/zept;q“arks . —
ope 0,L epur — e U 1/2,L | ERUR — €U
families (LQI, LQ2, LQ3) L1y
. . Sor |egur —eu| 1 | Sipr | efu,—etu| 1
® Hera:direct production of LQI Son | erdpn—ed| 1 etdy —ctd| 1
Sl,L QZdL — e d 1 Sl/g’L GEdR — etd 1
e [ =BF(LQ — lepton + jet) epur — e u | 1/2
- —vd | 1/2
L
q I Q Vector Leptoquarks
Vipr | egdr —e d| 1 Vor | efdgp—etd| 1
epur — e u| 1 Voo | epdr, —etd | 1/2
& C —Tu | 1/2
Y, \~/1/27L e dr —ed| 1 \70,3 etur —etu| 1
& Vija,L | €Lur — € u 1 ViL eEuL — eTu 1
- — epdr, — etd | 1/2
q LQ S| 1/2
S
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Leptoquarks: Tevatron

o | QI:signature 2 electrons + 2 jets

DO Runll Preliminary, 1 fb

% B Runlla Data
2 102 = - 7 —ee
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N C g aw
2 | Nz
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M(ee) in events with >2 jets

S, after M(ee) > 110 GeV cut
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DO Runll Preliminary, 1 fb"
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Expected cross-section limit
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Scalar LQ M(LO1) > 292 GeV

Vector Leptoquark Mass (GeV)

Vector LQ:
M(LQ1) > 350 GeV

M(LQ1) > 410 GeV
M(LQ1) > 458 GeV

(Q=1/3, T3= -1/2, KG=1, A G=0)
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LQI: Tevatron & Hera

DO Run Il Preliminary, 1 fb’

. o ) 29[ Theoretical cross-section
. CO m Pa I"I SO n to P rev' o u S DO 9,- 0.25 - : excluded by _________ Theoretical cross-section for p=0.5M
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Leptoquarks: Tevatron: LQ2

® signature: (exactly one) muon + 2 jets + MET

. A1 _ A
D@ Run Il Preliminary, 1 fb D@ Run Il Preliminary, 1 fb
[— } —
E - I:I ALPGEM (Z — pp)+jets g | |:| ALPGEN (2 —ppltels
ﬁ 1“3 — I:I ALPGEMN Wiets inclusive E"Iﬂi g_ |:| ALEGEN W clushe
‘é E I:I e S ol ‘é — |:| PYTHIA sl
= B e E B I:I QCD Bacaground
u=_| i I:I 2CD Background LI=.I 10 % ® I
102 £ ® oataiosw) B ,_‘_‘ B FYTHIA Signal (M - 200 Gev, = 0.5)
; [ | = THIA Signal (M = 200 GeV. i = 0.5) 1B “ . ;_3_4
N § |_|_._ : | m
i _ [ i -1
10" - . - N
10 = Ll
— B n I_ - L
- i; = | m/HE
N 10°E |m
i L : - iy =
e Dl L :
17||!|||||||| NEAEEEE W ! I I el e o 102 = T T O I A I T AN O
0 50 100 4150 200 250 300 350 400 450 500 50 100 150 200 250 300 _350 400 450 500
M, (jL,v) Transverse Mass (GeV) Reconstructed Leptoquark Invariant Mass I‘ﬂmt eo (GeV)
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Leptoquarks: Tevatron

e DO: m(LQ2) > 214 GeV
for = 0.5

D@ Run Il Preliminary, 1 fb™’

o [ -
e r al-“ xBR(Q=M _)
'f-‘?ﬂ 5—_ S a, BRemror (@ =M _)
[ . B=05 ol xBR(Q=M )
i . Lo
0.4 —®— o, - observed
B a2%% CL expected
0.3
B 210 GeV
- 214 GeV
0.2~ @
N B
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n_lllll||||||||||||||||||||||||||||||||||||||||||
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update including P jj channel
(for publication) underway
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® CDF: exclusive dijet + MET
analysis

Cross-section limits for 1st- & 2nd-gen leptoquarks (95% CL)
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—— n=2M,
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LQ3: Tevatron

. = 705 (b) * data

DO tau analysis: G 60- DO 1.05fb" WMJ
submitted to PRL; < =
Fermilab-Pub 08-201-E
arXiv:hep-ex 0806.3527

o Q3 —>Tb
0 50 100 150 200 250 300
® 2 opposite sign taus and m* (GeV)
2 jets > 6c (c) . data
S - DO1.05fb~ WMl
® T 2UVV 0 5 —p
@ 4
® T,V + hadrons (neural "d:',' 3k =vagilhpf
net) = ot b
1 — Signal

d 100 200 300 400 500 600 700
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LQ3: Tevatron

e DO0:m(LQ3) <210 GeV for
B=lexcluded at 95% CL

= =0='= Expected limits

DO 1.05 fb™

—@=—=(bserved limits

— NLO cross section (f=1)
NLO cross section (f=0.5)
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CDF (exclusive dijet
analysis): m(LQ3) < 167

GeV excluded at 95% CL



Technicolor: Tevatron

® alternative (to Higgs) for EWSB

® search for decay techni-rho—techni-pion+W

® signal (W+b-jets) very similar to WH search

CDF Run Il Preliminary (1.9 fb")

B —e— Data
18-_ [ Mistag
- B Nonw
I Diboson/Z->11
16[ [ tf(6.7pb)/Single top
- WiHE
14 — p%=200.*n:1_='l 15
' pU=200. m¢=115
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SUSY: Tevatron

.
\ 4 §
I" o -'.....- r I
® chargino + neutralino pair production —*trileptons g™ R el
L 1 11|.r. f. R |
® |imits set in mMSUGRA (5 free parameters) : :
i N e i
. : : i, T A
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SUSY: Tevatron

® squarks and gluinos — jets + MET

N_. =2 MET>180 HT>330 CDF Run Il Preliminary

N> : —~600 R
B —&— Data(L=2.0fb") 0 : LEP2 f
—— QCD + non QCD Bkg.
- non QCD Bkg. 0 500 LEP2 [
o 10 E Total Syst. Uncertainty o
O ¢ ——— Bkg+Sig M = 349 GeV/c’ 2 \
e [ M., = 385 GeV/c® g 400 S
E’ 1 E S8 ; no mIS::.;GFIA\\é
e 1F L N solution
: | 300 N
o ul g DO IB ;
- r Lm 5200 D@, L=2.1 fb! R
LN ST T A T ™ et s T e N tHN3=3,A=0sM<0§
200 300 400 500 60D 700 80D 90D N
Hr(2jets)[GeV] L R A A .
m, <392 GeV k SRR R
5700y b 100 200 300 400 500 600
g .
excluded (D0) Gluino Mass (GeV)
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SUSY: Tevatron: stop

® potentially lightest squark; three < 100f COFRun Iz’ & pg 1 - 05 pb
d h t d. d' 8 B D0 Run 11 360 pb,c(\q‘ﬂ .
ecay paths studied: © Lot o A8
g~ 80f.. Expected 2 =

o 51—>C)Z? 2cjets + MET ——_ 60

o i1 —bxy — bxdlv
2 leptons (I isolated), 2 jets 20
(I btag), MET
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120 [SR - ety exlded DO Runll Preliminary 80 BR(,—~% b)=1
. -1 1
--------- IE)EPRE:\:_I?ep,pu) obs 428 pb L=] fb

-J
L5
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(

1000 - - - DO Run Il (ey1) exp 11"
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160 170
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® 2 photons + MET

® photon pointing —primary vertex

SUSY: Tevatron: GMSB

10°

Events per 3 GeV
o

0 20 40 60 80 100 120 140 160 180 200

®* data
Y
BN W/Z+yy
electron mis-ID
.| jet mis-ID
-------------- SM + signal A=75 TeV

....... SM + signal A=90 TeV

............................................................
------------
...............................

Missing ET (GeV)
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— NLO cross-section
— observed limit
------------ expected limit
B expected limit+ 16
expected limit+2 ¢

DT 1.1

!

= 00 120 a0
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: T80 200 220 | 240 260
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met < 229 GeV
mgo < 125 GeV

excluded
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W’: Tevatron

=
/ = - === Theory (NNLO
o \/\/ LR — e/ ol ry ( )
’ adf 95% CL Limit
477/ observed
% 1o+ D917 —t— data (b) ; ]
© 7 Woev = o — expected
N GCD (frordalz) X 1 | |excluded (Run I)
; 103_? B other = -
~ — my, =500 GeV 6 - m,,. > 1;00 TeV
@ 1oy e M, = 1100 GeV (x 200) 102 at 95% CL
10% . % ¥ St " B . : *
i ' J m>140 Ge' D@, 1fb™
||. T T e
0 300 350 400 450 50C

E?-I [GeV] my,: [GeV]

PICO08 - Stefan Grunendahl: Searches at the Tevatron & Hera |7



W’ —tb

® decay channels depend on mass of right
handed neutrino

DO pPrL 0.9 fb™

Data -e-
W'Rr700 GeV
WR800 GeV =

Single top W
tt
W+jets
Multijets

T TTTTI

T IIIII]I

10

Events / 20 GeV

T IIIIIIII

T IIIIIII|

10 9 200 400 1000

600 800
W \§ [GeV]
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G (pp — W') x B(W' — tb) [pb]

o (pp — W') x B(W' — tb) [pb]

CDF preliminary 1.9 fb™

: —@= Observed Limit
0.5¢ : ; 5eew Expected Limit + 10 |
- — SM W' M(v) > M(W')
T Right W only
0.4 oo, e SM W' M(v) < M(W') |
i e, : Left and Right W’s
o

0.3%>

02f R —

b TR

01111%11||VJ|
700 750 800

L il l Il L l 1 1 L J
850 900 950
W' mass [GeV]

DO pPRrL 0.9 fb™

| —&— Observed limit
3 W Expected limit
—a— SM+W'NLO (M, < M,) |g

with W/W' interference

600 700 800 900
W/ mass [GeV]
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® scan M(ee) spectrum in steps of | GeV

® Jlargest deviation 3.8 O

CDF Run IT Preliminary

Lu

Evertafl0 Ge¥lg)

10 A0 30 400 500

L =25 fg

—=—data

[ |Drell-Yan
QCh

B Cther SM

@0 900 1000
Miee) (GeVic)
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Z : Tevatron

CDF Run II Preliminary

Cross Section Upper Limits (95% C.L, spin-1} E:_E:-ﬁl L i
E"F; —-- Expociaion
Z E —E-EMEE
L ﬁl _ 7
¢ : E‘;f.
T — E‘;%‘
4 L7,
-~
N E
T
[+3
s
I}

I I I | I ] bl

I T T T T T
I, (GeV
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Large Extra Dimensions: Tevatron

® monophoton and monojet final states
B F 4 08
S 25 D@, 1.05f'  orf
8 20 —=— data i
I% by —ely 04l
::g [ non-collision g-g iE
12%_ <\»l:lmisin;ientifie-c:i jets u';-“.?'?-'-'.""‘-g. - DO: PhOton
."]E_ 0 5 10 15 20 25 . .
E DCA [cm]
nd pointing
6
aF
e T MU
|77 1 Lol da,
2 4 6 8 10 12 14 16 18 20 22
DCA [cm]
limit better than LEP up to n(LED)=8
S 2 /
E 18F D@, 1.05 fis’
= 16 4 ----expected limit
1.4 E— — observed limit
125 R ® CDF 87 pb limit
15 g % CERcombkediing CDF: monophotons
ot S & monojets
G.E:— ° & °
0.4
0.2F
o

PICO08 - Stefan

Number of Extra Dimensions
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| 1 [
CDF Run |l Preliminary

1

B CDF Jetly +
— CDF v+, (2.010")
B CDF Jet +E, (1.1 )
---- LEP Combined

IJll.l

2 3 4 5 6
Number of Extra Dimensions
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Z+Y resonances: [evatron

® narrow scalar or vector resonance decaying into Z+photon; Z — ee or YJ

® arXiv:0806.061 |; sub.to Phys.Lett.B

N, 3 = 10 = r
S DD, 1fo s F D@, 1fo
8 - = B = Observed combined electron+muon channel limit
g N i s e & Expected combined electron+muon channel limit
0 T [y [ +1s.d. band
S 2r ? —®— Data o - &1 [ J]+2sd band
d>, ------- Z+jet background °
Ll 11— SM Zy background (]
i —— Sum of backgrounds 3 1
oc B
o |
5¢ B
o B
O ) B ] .¢_: P VS W - 10_1 L I I | I I I | I I I | I I I | I I I
100 200 300 400 200 400 600 800
IVI"Y [GEV/Czl IVIVector[(?‘eV/ CZ]
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4th Generation: Tevatron

® searchfor t't’ — (W])(Wj) — (ZVJ)(]J])
(fOI’ me < My < My + mb’)

Mieco = Mj55 = M), (lowest x? match) Hr = Z o
jets, L MET
T T : T T ¥ T ¥ ]
CDF Run 2 (2.3 fb"") ] -
10% Preliminary y 3 CDF Run 2 (2.3 fb™)
_mitye280 Gov 2 Preliminary
101 | .; 1 1 t'—Wq, = 4 jets 3
et S o
J=1
100}| ¥ observed oY - range of
-fop ® expected 95% CL
oL | WHjets | upper limits
1077 [ QCD 0.1 observed
0 100 200 300 400 500 " [ theoretical prediction
Mieco (GeV) : Bonciani et al.
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Maximal Flavour Violation: Tevatron

® same sign top quarks

New scalar doublet

Is proposed with mass in the

range

and with off-diagonal coupling ¢ to fermion generations (i=1,3) :

only ¢, and ¢ are non-zero ( max FV contrarily to V,,, ~ diagonal).

No contradiction with LE data (K° B9 DO oscillations, rare K,B decays).
new exotic final states, e.g. pair of

" ( ¢ CDF Run Il Preliminary (2.0 fb 1)
8 2FETTTTTTTT T e !
[= : :
[1h} i ;
w : i
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« Data
Bg. uncert
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Bl Fakes
[ L

300

Mass of n° GeV/c?

200

CDF Run Il Preliminary 2 fb™
I T T T 17

Allowed

— Expected Limit
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Global/model-independent Searches

® excited electrons & quarks
® (isolated leptons at Hera: covered on Thursday)
® J|ong-lived particles decaying to diphotons or dielectrons at the Tevatron

® global spectra analysis and bump hunt at the Tevatron

PICO08 - Stefan Grunendahl: Searches at the Tevatron & Hera
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Quark & Lepton Substructure: Tevatron

® excited quarks—bump in 2 jet mass spectrum

CDF Run II Preliminary, 1.13 b _

ST § indf 1616717
& g Prob 0.5127
3 O ' E ' j ]
= : . ;

(Data - Fit) / Fit

limit:
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Quark & Lepton Substructure: Tevatron

® excited electrons

e arXiv:0801.0877 ; Phys.Rev.D77,091102 (2008)

T

! Decays by GMI Lo = N W
>©<§ g’
] ' Produced by CI Lo = X il

q

2 high p; electron + 1 high ET photon

mainly DY+j/ y Mo+ < 756 GeV excluded for A = 1TeV

%1022 : DD 1.0 fb" = 6f
T E -1
o i < - Dg 1.0 fb
= 10: S
n - ¢ 7 — *
@ | : pp— ee
S ‘ 4 e*— ey
S 1L :
Ll E IE 7

- 3

10-1§ 25_
; ﬂ 5 excluded 95% CL
0 200 400 600 "800 200 ~ 400 600 800
m(ey) [GeV] m,. [GeV]
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Excited Electrons at Hera

® Search for e* in e gamma, e Z and neutrino W

Search for e* at HERA (475 pb—1)

Channel Data SM Signal Efficiency [%]
e*—ey (ela.) 42 48 + 4 60-70
e*—ey (inel.) 65 65 £ 8 6070
e*—vW—rqq 129 133 4 32 20-55
e*—vW—vev 60

N 4 4.5+ 0.7 ax
e*—e/—eqq 286 277 £+ 62 20-55

et —el—eee 0 0.72 £0.06 60

et —eZ—elfl 0  0.52+0.05 40-15
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Events

Events
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mass spectra etphoton, neutrinotjet jet and e + jet jet channels

Excited Electrons at Hera

Search for e* at HERA (475 pb™)

20 - e H1Data
- H1 — AIISM
18 1 e

- . e* signal
16 :— * |
14F e*—>ev(ela)
12F .. (a)
10F-

8F
33
4
2E +
bt Lo T SN A A
50 100 150 200 250 300 350
e* Mass [GeV]
Search for e* at HERA (475 pb™)
45 E— ® H1 Data

= H1 — AIISM
40 T -

S | . e* signal
35t * v W s vad
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Excited Electrons at Hera

® Exclusion limits from HI [DESY 08-052]

1o Search for e* at HERA (475 pb™) 1o Search for e* at HERA (475 pb™)
W E 4 e ey o E f=+f
> £ H1 ,, > £ H1
Q T e e*>e” ,. D C
O | O
s mimme e*—>vW A = T
510-25— wy 510-2: f/A =1/Me*
- E~ - Y s
10° . T o 10°
i f -— + f, i J ‘ '\—-.,\,\\wf\ ,/’V’
10-4 = (a) 10-4 :_,"I\“ "-.'P MR ‘ LEP (direct) (b)
:Illll|||||||||||||||||||||||||||||||||| ::|||||||||||||||||||||||||||||||||||||
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Excited Neutrinos at Hera

® Search for v¥in vV gamma,V Z and e W

Search for * at HERA (e p, 184 pb™1)

Channel Data SM Signal Efficiency [%]
v —vry (123 +£3.0 50—-55
v*—eW —eqq 220 223 =47 40-65
v*—eW—evy 0 0.40 £0.05 35

V' —elV —eve 0 0.7 £ 0.1 45

V' —v/Z—rvqqg 89 95 4+ 21 25-55

V' —v/—vee 0 0.19 4+ 0.05 45
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Excited Neutrinos at Hera

® Exclusion contours

Search for v* at HERA (e'p, 184 pb™)

Search for v* at HERA (e'p, 184 pb™)
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Isolated Leptons at HERA

e,u+ P:““ events at HERA I+l (e*p, 0.97 fb")
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® 3 sigma excess reported by H|

® combined Zeust+HI analysis on full HERA | + HERA I

samples

® final Zeus analysis available

Zeus final numbers (ZEUS-pub-08-005)

IS%thgidL;titson PX <12CGeV | 12<PX<25GeV | PX >25GeV

¢ p208pb T | 9/113L 15 (54%) | 6/5.1L0.7 (67%) | 5/5.5L08 (75%)
etp 206 pb~! | T/12.6+1.7 (68%) | 7/6.240.9 (75%) | 6/7.4+ 1.0 (79%)
cTp 504 pb T | 16/23.0 £ 3.1 (61%) | 13/1L2 £ L5 (71%) | 11/12.9E 1.7 (77%)
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Multileptons: Hera

® background: well understood QED processes

H |
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Multileptons: Hera

® event yields for sum Pt > 100 GeV

Zeus 478 pb-!

Data sample Data SM Pair NCDIS +
Production Compton

e+p 4 1.2 +£0.2 1.0+0.2 0.2 +0.1
H1 459 pb"!
e-p 0] 0.8 £+ 0.2 0.6 £+ 0.2 0.2 +0.1 P
L=173pb
All 4 1.9+0.4 1.5+0.3 0.4 +0.1
L=459pb
Data sample Data SM Pair Production Compton NC DIS
e+p 2 0 IR0 e 0.67 £+ 0.07 | 0.23 007 0.02 + 0.01
L=272pb
e-p 1 0.65 +0.98 . 7 0.41 + 0.04 | 0.24 +007 0.01 £+ 0.01
L=206pb

I 3 1:580:0-16. ) 15 1.08 + 0.11 0.47 +0-15 , ., 0.03 + 0.01

478pb
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long-lived particles: Tevatron

° search for displaced di-em vertices; example: long-lived b’
° for m(b’) < m(t) cT ~ meters
° b’ decay (di-em) vertex reconstructed in tracker (CDF)
° or in central preshower + calorimeter (DO0) (no track
required)
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R = £/x2 + y2 % (D/1000 cm?)
D = area spanned by e; ey vectors
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Global Searches: Tevatron

e VISTA:

® select all data with well-reconstructed objects (pT >17 GeV/c)
—4 Mio events from 2/fb

® 400 exclusive final states, 20000 distributions, 5000 mass spectra

® compare/fit to standard model prediction
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VISTA

® |ook for outliers (distributions with large deviation from SM prediction)

® dist. of events over final states ok; outliers among kinematic distributions all
due to imperfect modeling of 3-jet final states

CDF Run Il Preliminary (2 fb)
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® sample distributions
e CDF Run Il Data
e* P B Other
—-CDF Run Il Preliminary (2.0 fb'1) % :Zy::ia Z(T))e;) 106%
80000 ] Pyihia Wiso) : 2%
0 i [ ] Pythia W(—ev) : 95.7%
% -
S 60000
- .
re) -
5 40000_—
n -
= -
= 20000
. |
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6000
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o
o
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o
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3j ) pr <400 GeV

" CDF Run Il Preliminary (2.0 fb'1)

e CDF Run Il Data

I Other

[ Overlaid events : 0.1%
[ ] Pythiajy:0.1%

[ ] Pythia bj: 3.9%

[ ] Pythiajj: 95.9%

AR(j2,]3)

not so well described



Global Searches: Tevatron:VISTA

® mass bump search

. e CDF Run Il Data
CDF Run Il Preliminary (2 fb™) 4 ZPT < 400 GeV I Other
- Mass distributions: 5036 C — - | 0 Pythia jy : 0.1%
350/ With bumps: 2316 2(0(/-CDF Run Il Preliminary (2.0 fb") | ] Overlaid events : 0.2%
C u [ Pythia bj : 4.7%
300— ) i [ | Pythia jj : 94.9%
o - r= B
S 2505 o 150 H +
ERE T B 1
'::i 200:— ts : 1
8 15k > 100-
150 o i
g’, = Ko L
g 100:_ E i
- > -
: =z 50
50 i
91; 0_..|§...|.§..|.
100 120 140 160
bump in M(j1,j2,j3,j4) (GeV)
plot variable: probability converted to ‘sigma’ for each the sole outlier, with a probability (corrected for the
of the 2316 mass distributions with a bump passing trials factor) of 4.1 sigma. Unfortunately also
bump quality cuts; gaussian above 4.5 sigma. consistent with bad modeling of soft gluon radiation
P(5 sigma) * 5000 trials = P(3 sigma) in Pythia...
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Global Search: Tevatron: Sleuth

® examine high pT tails of 87 distributions

® probability to observe the smallest observed FSP in MC experiment: 8%

4 largest deviations:
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Analysis Web pages

e http://www-cdf.fnal.gov/physics/exotic/exotic.html

e http://www-d0.fnal.gov/Run2Physics/np/

e http://www-h1.desy.de/publications/H1publication.short list.html

e http://www-zeus.desy.de/public results/publicsearch.html

e htip://www-zeus.desy.de/physics/exo/ZEUS PUBLIC/exo public.html
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Summary

very vibrant and diverse program
HERA final results based on 500/pb per experiment starting to arrive
Tevatron updates based on |-2/fb; 4/fb delivered; goal of 8/fb by 2010
steady improvements in all areas

new techniques:

= em-cluster pointing replaces tracking to expand coverage for long-lived
particles

= massive global searches (10,000s of distributions scoured) for any
deviation from Standard Model

the bulk of the Tevatron data is still to come!
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