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New results for today include
final states with:

* dilepton

* diboson

* t-thar

+ more exotic final states




What are we looking for ?
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The Tevatron - N
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The Detectors

Silicon Tracking, |n|<2.5

Silicon Tracking, |n|<3
Scintillating Fiber Tracker
1.9 T B Field, |n|<2

LAr/U Calorimeter, |n|<2.5
Jet Energy Scale 1-2%

u Drift/Scintillator Counters, |n|<2

Open Drift Cell Tracker

1.4 T B Field, |n|<1.1

Pb/Cu/Scint Calorimeter, |n|<3.2
Jet Energy Scale 2-3%

u Drift/Scintillator Counters, |n|<1.4

EPS 2011- Grenoble
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The data and the modeling

(differs from one analysis to another but this is a fair summary of what we are doing)

v’ Background Shapes:

v’ Background Normalization:

WW, Wz, ZZ
single top
t-tbar

W+jets, Z+jets

QCD multijets } Data driven

—_—

S—

—

Monte Carlo based—=

WW, WZ, 77
single top
t-tbar
Z+jets

WH+jets
QCD multijets

—_—

—

} Fit to data

— Theory NLO or NNLO
cross-sections

v’ Generators:

WW/W?Z/ZZ: PYTHIA (CDF & D®)
single top: PYTHIA (CDF),
COMPHEP (D®)

t-tbar: PYTHIA (CDF), ALPGEN (D@)
W/Z+jets: ALPGEN (CDF & D@)

For signals: mostly PYTHIA (Z’, RS
Graviton, LQ, t’, etc.) + appropriate
k-factors for normalization (ex:
PROSPINO)

v’ PDFs:

CTEQ6L1 (D@), CTEQSL (CDF)

— v/ + PYTHIA for showering.

v + GEANT3-based detector simulator



Getting the modeling of the SM right

v' ALPGEN performs well but it is not the final answer
= different generators have different predictions & uncertainty

EPJC 53,473 (2008) - arXiv:0706.2569
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Co e el My focus for today

parallel sessions.

Name of
speakers are

given in the Dilzgtor final statas:

following slides.

4

Z’—ee, pp

> RS Graviton — ee, pp, (+yy)

Dioosor firnal states
> RS Graviton - WW, ZZ

- WX-Wj)

Lagtoc|uzric

> LQLQ—evVjj

EPS 2011- Grenoble

t=tozr final states:

o b'->tW
o P—>tW, qW, bW, tX
» 20— t-tbar

Otrier exotic final states:
> Charged long lived particles
> Signature-based searches

new onysics

Arnaud Duperrin - CPPM - Marseille



Dilepton Final States

) v ’
/' —ee !_oglflfo; bump / — U
IN allepton mass
PLB 695, 88 (2011) | P CDF public note 10165 |
spectrum B
©'1 4 I Excluded at 95% CL L1k e OATA
a = Expected Limit =>
ﬁ 10* D Drell-Yan
ﬂ 3 .Fakes
"E 1 ? v .Diboson
% 10° I
2 10

D@, 5.4 fb"

|I|l||||||||||||l||||Il]||I||l||||||l|||||||||
0200 300 400 500 600 700 800 900 1000 1100 102 100 200 300 400 500 600 700 800 900 1000

M, GeV Dimuon Mass (GeV/c?)

CMS preliminary, [ Ldt =1.1fb™

@ 1940 GeV

X— ‘ ev ee ew Tt qq tt tb Wz
Limits (GeV) \1120M 700 399 740 900 885 180-690
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Extra Dimension

| > G ﬁl b 15'\/\
e - ! Eﬂt
K
q BHA\M

3

v’ Example: 5 dimensional SRy
warped geometry as in % -
Randall and Sundrum model AN exp(—2k L))

2 \Grd‘gﬁ?:f
v'2 experimental parameters: k P};ﬂbﬂitjﬂﬂ
 First exited graviton mass | _/
e k/M,, : coupling of the 3 -

graviton to SM fields -
-
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Randall-Sundrum Gravitons — UL (+ee+yy)

CDF public note 10479
V. COFRunipreimnaytss7w) v/ Both CDF and D@ combine

0.09 E_RS-graviton 95% CL exclusion t h e ee an d Ty searc h es

0.08 | v .
007 | e CDF adds the upu final state
_0.06 | _

= 005 : : :
= 1 ¥ New: inclusion of up in
0.03 | T hmanabysis the ee+yy RS search
0.02 — yrtee analysis (results in a 33% increase in the rate of
0.01 — yyteetup ana.,sis—; potentially produced signal).

500 600 700 800 900 1000 1100 1200
Graviton Mass (GeV/c?)

v’ strongest limits to date ...before EPS oM orsliminary, [ Lat = 1.11"
@ 1780 GeV

RS-G. k/ M,=0.1
ee vy WW ZZ

ee+yy +ee+
914 963 1058 m 300-754 600
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Diboson Final States

v'Some trends are repeating...
.~~~ Y Reality check for BSM searches

S N
g Observation of Bosons at Hadron Colliders
10— : : r :
105; W v Observed
F /2 == Theory
) Fa tweh L §
B § F 193
€ o L L
2 e 1995 | WW !
: ol Ferrpllab 7 i
) E 12006: i 2Z
6 Fermilab: 2007 . H
o 1 . Fermilab 2008
.F . Fermilab:
<)V 10 E— : z
;} 10-2_
Ursula Bassler
WZ/ZZ Thibault Guillemin
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7T\

@High-mass resonances decaying into Z boson pairs

CDFpublic | /1 o6 final states | ZZ — (10~ vy =¥V ok
note 10603 77 g—l—g ] =P v/ OK
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. 27 — 00010
Aidan Rob
\dan Robson L v' Excess (4 events) ~ M,,=325 GeV
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7.3 fbt PRL 106, 171801 (2011)

—— | | | | [ | | | | | | | | |
o
O . i
3 V' WHjj, W—eviuv |, Bkg Sub Data (7.3 fb"
5 200 s
Q) _ i Gaussian -
0
= B 010 WW-+WZ (all bkg syst.)| |
l:ﬂ Aré" '
e - -
3
= B Al W d/a i
W 100 '? N
B Y ® e N

B

i &
il |
B Viviana Cavaliere ]

1 1
100 200

v" m;(W)>30 GeV, MET>25 GeV
v' 2 jets p;>30 GeV, p;(jj)>40 GeV

M, [GeV/c’]

CDF: a bump in W+jets data

7.3 fb! analysis is at: http://www-
cdf.fnal.gov/physics/ewk/2011/wijj/7 3.html

v In the lvjj final state,
CDF has reported an
excess of events in the
dijet mass spectrum
around M;;=150 GeV.

v’ Significance of excess
now exceeds 4G.
v o(WX) ~ 4 pb

v' £ 2 pb (larges uncertainties).
v no theory on the market supports 4 pb.

See also ATLAS
ERY% reporton Thu. 21/7

ATLAS-CONF-2011-097
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http://www-cdf.fnal.gov/physics/ewk/2011/wjj/7_3.html
http://www-cdf.fnal.gov/physics/ewk/2011/wjj/7_3.html
http://www-cdf.fnal.gov/physics/ewk/2011/wjj/7_3.html

Events / (10 GeV/c?)

t
=)

LI\II IIIIIIIIIlIIIIlI]I\lIIIIIIIIIIIII

Perhaps no bump in the W+jets data

—+— Data - Bkgd
—— Bkgd + 1 s.d.

I Diboson

- (Gaussian (4 pb)
M, = 145 GeV/c?

P(x2) = 0.526

+

1 1 1 Il 1 1 I 1 1 1 1 l L I 1 1 | 1 1 L 1 I 1 1 1 L
50 100 150 200 250 300
Dijet Mass [GeV/c’]

v’ Could D@ have missed it?J

4.3 fb! PRL107,011804 (2011) |

EPS

Jadranka Sekaric

v D@ mirrors what was done in
the CDF analysis.

o F
— - I LLRg *1s.d. DG. 4.3 fb!
2 80F [ JLLR, *2s.d. 2,

60 R Observed Data LLR

. IR S+B
40 |-
20
0 n .
Signal-Injected LL
220 __ .............................
wb o T——

1 1 1 1 I 1 1 1 L I 1 1 1 1 I 1 1 1 1 I 1 | 1 1 | 1 1 1 1
110 120 130 140 150 160 170
Dijet Mass [GeV/c]
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Getting the modeling of the SM right

v’ The CDF analysis did not apply corrections to ALPGEN modeling

= to parallel the CDF analysis, D@ performs the analysis without these corrections.

1
0.99

().98(

~ matching, parton shower model, renormali
scale), PDF etc..

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille

~ v CDF/D@ includes uncertainties on the modeling of these variables.

Ex for D@ . SCALE Uncertainty, W+lp
ALPGEN 77 and AR(jetl, jet2) corrections g :g;_ —Plus 1 Sigma
ALPGEN W pp correction ‘53,:()55_ —Minus 1 Sigma
_| Re-weighting Diboson bias S 1.04f
| | Renormalization and factorization scales % o3
ALPGEN parton-jet matching parameters £ 11((})21

JIlIJIlI!IIII]IlIIllllllIIJI
) 50 100 150 200 250 30

Dijet Mass

+ assigns uncertainties on ALPGEN parameters (parton-jet

zation/factorization

16



Events / (10 GeV/c?)

Getting the modeling of the SM right

v To show that these corrections would not alter the conclusion
= D@ also present results with/without these corrections.

EPS 2011- Grenoble

WITHOUT
kinematic corrections to the simulation
:_ D 1 4.3 fb—l —+— Data S :_ D i 4.3 fb—l —¢— Data - Bkgd
1200 %) B Diboson > S0t b@ — Bkgd *1s.d.
1000 (a) [ W+Jets O 250 (b) B Diboson
] 0 Z+Jets 2 C e Gaussian (4 pb)
N B Top I 200p M. = 145 GeV/c?
800 [ Multijets g - j = evic
N — Gaussian (4 pb) g 150
600~ M; =145GeVic" | = -
5 e P(x?) = 0.526
400 :_ 50 :_ *r 1k
200 :
N = T+ +
A R T T T S0 .+ « 1 v v v oy by oy by
% 50 100 200 250 300 % 50 100 150 200 250 300
Dijet Mass [GeV/c’] Dijet Mass [GeV/c’]
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Events / (10 GeV/c?)

Getting the modeling of the SM right

v To show that these corrections would not alter the conclusion
= D@ also present results with/without these corrections.

kinematic corrections to the simulation

" D 4. fb—l —+$- Data
1200~ DD, 4.3 Il Diboson
- (a) [ W+Jets
1000~ [ Z+Jets
B B Top
800— [ Multijets
N — Gaussian (4 pb)
600 M, = 145 GeV/c?
400
2001
ok

EPS 2011- Grenoble

0 50 100

200 250 300
Dijet Mass [GeV/c’]

WITH

Events / (10 GeV/c?)

g DQ 43fb—1 —+—Data—Bkgd
300 (b), —— Bkgd + 1 s.d.
250 I Diboson
2001~ M, = 145 GeV/c*
150;—

100 P(x?) = 0.741
50;—
0-:

- -+
SO0 A R B

0 50 100 200 250 300

Arnaud Duperrin - CPPM - Marseille

Dijet Mass [GeV/c’]
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Getting the modeling of the SM right

v To show that these corrections would not alter the conclusion
= D@ also present results with/without these corrections.

WITH
kinematic corrections to the simulation
ci;_ il D i 4.3 fb—l + Data S g D ! 4-3 fb'l _+_ Data - Bkgd
% 1200: Q I Diboson % 300:— (b;ﬂ —— Bkgd £ 1s.d.
L a — ;
O 1000l =‘Z"f}§f O H50E Bl Diboson
S B I Top = S - (Gaussian (4 pb)
""m" 800 :_ |:[ Multijets ‘; 2005_ ij =145 GCV/C2
g N — Gaussian (4 pb) % 150
2 600 M, = 145 GeV/c? = -
B 100 P(x?) = 0.741
200 0F
0: T -50:—....|....|....|....|...,|....
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Dijet Mass [GeV/c’] Dijet Mass [GeV/c’]

P(x%) = 0.526 — 0.741
EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille 19



Events / 30 GeV

Leptoquarks

in the electron + missing
energy + jets final state

ERS

v’ connecting the quarks and leptons
is predicted by many extensions of
the SM (SUSY, GUTs, string theory...)

arXiv:1107.1849 (2011)

I DO, 5.4 b —— Data (d)
102 = [ ] V+jets
- Il Diboson
C I Top quark
MJ
10¢ 1 ----LQm=260 GeV
i3 it
- Lﬂ B=BR(LQ — eq)
L ™ -,
E | i P Bl
200 400 600 800 1000
_elec jet jet Sy [GeV] 0.8
ST_pT +pT1+pT2+ET

v Mo <326 GeV for $=0.5
v’ Tevatron’s 5.4 fb1 set still
slightly more stringent limits

than LHC for 3<0.35

0.6

[

DQ, 5.4 b’

95% C.L. observed
— D@, 5.4 fb'’
CMS 0.04 fb’
------- ATLAS 0.04 fb"
----- DO 1.0 ﬂ?"

200 450
m,_, [GeV]



Top anti-Top Final States

[\/4”‘ family }

With appropriate mass differences: 4th
fermion model consistent with EW data

4th Generation

L e e e e L B s e
3 F mece [ fitter[2):=
= 150 - preliminary —
g E 3
', 100 =
£ E =

50 — =
oF =
50 =
-1005— —E
-1505— —E
E as%l, 95%, 99% CL fitlcontours (alloweld) | | =
200 00 -50 0 50 100
. . -m, [G
Matthias Schott (Gfitter) M., ™ My, [GeV]
. t
¥ N CKM 4x4 = New source of CPV
b/ "-——P’V_\s

W.S. Hou, arXiv:0803.1234
“Source of CP Violation For Baryon Asymmetry of the Universe,”
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) ‘% T " " t—Wb, > 4jets
t ? b S 1 h Hr vs. Myeco VS. Njet |
o .
5.6 fb? 1107.3875 (2011) &
é 0.1 . Observed 95% CL
103F T T y  Observed 5 upper limit
CIt'F (360 GeVicy) [ Range of
- It - expected 95% CL
3 104F Ew+jets, EW " upper limits
0 Baco 0.01
S 4o F Theoretical prediction ™.
5 ool 200 250 300 380 400 450 500
t’ mass (GeV/c?)
10-%
v assume that the new quark is
12 \ _ heavier than the top (172.5 GeV).
t 0 + NS : v’ at least one tagged b-jet.
S 20 | 1 v"abinned likelihood fit in both H;
0 100 200 300 400 500

and reconstructed t” mass.

Mreco (GeVic?)

CMS preliminary, [Ldt = 821 pb!

@ 450 GeV 4th generation vQ
Process b'>tW t'>qWit'->bW| t'—>tX | qW ‘ qZ

Limits (Gev) | 372 | 340 360 | 693 551
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1025

10

B 7 .
W/ Z+jets
O multijets

;

100 200 300 400 50
m;, [GeV]

- d)
102}

t'—qW

arXiv:1104.4522 (2011) 10¢

. . _ — 1El0 .
v' A kinematic fit to +# — (vbgg’b 100 200 300 400 500

m;;, [GeV]

o etjets D@,53fb7| 2 u+jets DD, 5.3 fb”
IEI 1 _ IE. 1 Dhiman Chakraborty
=) i 9O [
9 S
n10'F 10
* — theory 3
g - 95% C.L. obs ‘8
Sqn2l = 95%CL.expectdd | 5 ,[==95%C.L. expectt L
107500 300 400 500 - 10200 300 400 500
t’ mass [GeV] t’ mass [GeV]

v’ small excess (2.50) in the p+jets channel at ~325 GeV
v the expected limit is 320 GeV for e+u combined

Process ‘ b'—>tW

Limits (GeV) ‘ 372

t'—qW t'—>bW‘ t'—>tX ‘
358 | 360




_+_D t _:__? 10° 3 —-— TT —tt 2 XX 3
ata T E | --— {m_ m}= (330, 40) GeVic? ]
=
QcD i —— ——- im_ m})=(380, 1) GeVic? |
B Lol =5 3
it e ; ]
IV ets r pare E‘Z ' SZg ]
Bzies  ©F e
.diboson C
P single top 1 E E
2| o4
o .:Ii n + . 1 ——
- I L .
02 RS e =
04

0 2 4 B ] 0 12 14 16 18 20
Epsig (NGel)

v 4th generation may be t’
decayingvia t’ — t + X
v X can be dark matter (i.e.
invisible in the detector)
v'in the all-hadronic t-tbar
samples — bggbqq + XX
5 < Njs < 10

— L L B I AL H L AL |

NU ‘1 5D | — m'l":rnmp-'-mx |
g —— exp blvbgg+XX 4.8fb
L --—- obs blvbgg+XX 4.8fb™ 1
)] —— exp bggbqq+XX 5. 7fb
““; ===== obs bggbqg+XX 5.7
= s

100

50

1107.3574 (Jul. 2011)

s7t Top + Invisible @ mor7 - dexx

%DD 250 300 350 :i
my. (GeV/c?)
No excess at large MET =
e exclude t’ below 400 GeV
(for my<70 GeV).
e can also be interpreted as
t —t+ "



A ,
. / —>t-tba I v’ search for resonant

production of t-tbar.

4.8 fb* v Sensitive to Z’, KK excitations, v lepton+jets samples

axigluons or strong dynamics

to name a few. CDF public note 10468

v/ Assume narrow resonance. N [ 85% CLinterval
. [ 68% CL interval
E 1oF \ — — leptophobic Z'
> 2 — standard model {t |§ ::: \ -------- expected limit
2 o .‘.‘,‘,ﬂ.etsand EWK bg NT 1_ \ —— observed limit
% E o_s;—
[ &
% 0.2%—
.'? 101 G: 460 660 8;-0 — 10|00 12|0{; 14|00 16E00
= m, [GeV/c?]
§ 107
S 0 v’ strongest limits to date for
400 600 800 1000 1200 .
m, [GeV/c] leptophobic topcolour model.
X— ‘ ev ee uu eu Tt qq tt tb Wz

Limits (Gev) |1120 1023 1071 700 399 740 [E[[i}] 885 180-690
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No

stone left unturned ?

“New Phenomenists” at
work in CDF and D@

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille
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Mass / GeV

What about supersymmetry ?

700
Eric Kajfasz
600 [~ Mark Adams 8 -
A —
R 7 b
500 | 10 fi e — by
Luminosity I
$0 r
ng Py
400 H H* 0 Y f
- - Fi —_—
AD X‘; )’Eﬂ: i /; 1
~() 2 ;r .
XS ’ et
) L7
300 |- P
rr,f!
J.#
[
-~ - /f
200 | fL __"_lT_ T2_ __n .,,;’ H:I:
L _"'“T‘ff Xo == 7~ &
r e
SPS1a benchmark point, as seen by slhaplot
o

EPS 2011- Grenoble

Arnaud Duperrin - CPPM - Marseille
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What about supersymmetry ?

700

Mass / GeV
oy
o)
]
|

500 -

400 [

v’ Apparently too heavy ... J

200 —

100 -

]
EPS 2011- Grenoble

Arnaud Duperrin - CPPM - Marseille 28



on unusual decays:

v Try to concentrate J Su persymmetry LOng LIVEd

v’ several models predict long-lived particles:

charged)or neutral

e decaying\nside or(outside detecto

The Long-Lived Galapagos Tortoise particles (LLGTs)
also called the Charged massive long-lived particles (CMLLPs)

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille 29



Mass / GeV

700

600

500

400

300

100

0

Supersymmetry Long Lived

v’ Various supersymmetric models predict either the
lightest chargino or the lightest scalar tau lepton
(stau) could play the role of a charged massive long-
lived particles (CMLLP) = NLSP.

0 - I |
ED - T_ 5]

e GMSB
) GauginO-IiII(e
° Higgsino_li e

I

49

R &2

v In SUSY, the LSP is
v"NLSPs can be long-lived due to weak coupling to LSP.

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille 30



B * £ 5 fiyd I_Ong leed EF5  to be submitted soon

(a) DO Preliminary 5.2 fb’!

: _ - ey C DA
. 3 i 't e I [0 Background
v’ Signal is like a heavy muon: L S o TR Sl e
p>60 GeV, B <1, M; > 200 GeV. o A
w 19°F : .
v Experimental characteristics: W o '?.L
C Lo : 10
* [3:slow speed (measured by muon | | | il 'l.l| !
scintillator counters). ; T i - Il
* high dE/dx (measured by silicon 103554 0’8 "313"1"[312 14776 18 2
detector).
(®) D@ Preliminary 5.2 fb”
E o * Data
v’ Background is mostly W->pnv: o T ?ff‘i'&%"éﬂd
model defined as B > 1 and M; < 200 GeV. TR e DL TRy X, 300 GeV
S I
Limits on: z 10E 8 b ,
v’ Exclude higgsino-like | '%li-'T' i
7 ik (gaugino-like) charginos b TG
\/ AMSB .gh g 230 251 GgV 10-1:.%."? I T R TI B } || |Q%‘..ll. 1
< . 0 1 2 3
v’ stop with m ( ) Ge dE/dx / <dE/dx>(1)

Sudeshna Banerjee



No stone left unturned ?

; A
Ot\\e “New Phenomenists” at J

work in CDF and D@

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille
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Search for New Physics in ZZ+MET

. CDF publlc note 10539 J CDFRunuPreliminarijdt:Mb"

|
- Background

4fb?

Signal Scaled 10t
My =225 M,=125

Signal

v’ Search for 4th
generation heavy
neutrino N;, N,

pp— Z/v* = NaNy — N1 ZN Z

v 2jetsand 2 leptons = RS
from Z decays. /

— — Background Uncertainty — __|

Yield Limit [events]

________

3 4 5 6 7 8 9 I(

2 2
Delta Mass Function (MET > 36) [GeV/c’]

10 15

v Signal has peaks in both M, and M;;: J \/(Mu—gl.ﬁ)g + (Mii=853y

Set limits on cross-section < 300 fb J
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€13 Same sign dilepton &

ne .
CDF public note 10464 Wi,
6.1 fb! £ A sn,
v’ Predicted in supersymmetry , heavy neutrinos , same-sign top
quark, fourth-generation quarks, doubly-charged scalars...
v’ Very low background from Standard Model.
v' e or u with p,,> 20 GeV and p,,>10 GeV.
v' Dominant background from “fake”-isolated lepton from HF
semileptonic decays (obtained from data).
dilepton mvariant mass gy
) ('I]]-'Rur_IIF‘lt'I_Irnin.Lr_\lh ].=Ib.IrT"' g Data ) CDF Runll Preliminary | L=a1fh" . Dala ) o E'I]]-'Rur_IIIF‘lt'I_:ninm_.l_ ].=Ih.] ﬂl"" I s Data
g 0O I 5 [ E E 3 O
& 1 @z & 1@z a *F # ¢ 4@z
1 Elvv 3 @y Eo 1 @l
1 mwy 1 @wy o=y, - mwy
1 Mrakes 1 [ Fakes - 1 MFakes
7 -- Uncert 4 i - - Uncert IE_  -- Uncert
Lf: {:——*—E-—l:'f::{.i_;:: __:T:‘ ::: ; g o1 1__?[-,_:';;}:—"‘_1‘_‘*_%:::: _:;t
':; :{! 0 40 60 80 100 120 140 160 180 i '3[] 20 40 60 B0 100 120 140 16D 180 ;—; :O 0 40 60 80 100 120 140 160 180
C m, [GeV/c] S m,, [GeV/c’] C m, [GeV/c’]
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Any other
hints of new
physics?
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Multijet resonances in bbb

Fabrice Couderc

-1 . .
2.61b v Ex: search in triple tagged data J
arXiv:1106.4782 |
g b
95% C.L. upper limits
._-% 10 - expected limit
—_ B 1cband
P b lg u P 2o band

E'., —  observed limit
o
o
£
T
g
T

i i L i I i i i i I i i i i I Il i 1 Il I i i 1 i
100 150 200 250 300 350

m, (GeV/c’)

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille 36
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http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/3b_susyhiggs_june11/color-plots/xs-limits-log.eps

Events

Top anti-Top asymmetry €5

Ay, (M;> 450 GeV) CDF Il Preliminary

1 5 i 1 Jf Ldt=51fb

10}

v axigluons, diquarks,

CDF public note 10436

— Data

Ll
Ap, = 0.42 + (0.15)5%t £ (0.05)5v5¢

[ Fake
oY (dilepton final state)

B Z-te
EwWwwz/izZ

v’ 2.30 from the SM prediction.
v'3.40 in the I+jets topology.

new weak bosons, EDs etc..

y
v’ Or gluon radiations modeling at NLO?
v See Frederic Deliot’s talk today! w new t-tbar
’ asymmetry result

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille
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9 fb_l b JN:’;‘"‘ o JNrb__ g 070<v, <087 | 0.87 <v, <0.887 | 0857 <v, <0805 vy > 0,885
‘451 = AT+ ?\r—— fi] a T
Mo T S mieen oo |
70,02 e ]
) D@, 9.0 b R o0
(4&/6 P I T T Y T 1 IR % b
@;‘120) GES-) g 0T0<w, <087 0.97 < v, < 0887 | D.8BT <wv, <0885 vy > 0885 7 i’ 3
0 . s : g
3 o
arXiv:1106.6308 J ] Thomas Kuhr
-0.02 = R
._Q o | | 1 1 1 1 1 1 1 1 | | |
Guennadi Borissov E 53 5350 5417 5321 B360 B417 5321 5380 5417 5311 R3ED  BAMT
68% and 95% C.L. regions O] (e | 0 s0 ' N confirmation from the
are obtained from - ]
0.04] e O m_@m update shown by LHCb at
IP selections EPS USing 300 pb_1
) | ) ) ) 5] v N
-0.04 20.02 0 0.02 02 S\MWM\W _—
ad o L TR Justine Serrano (LHCb)
I M (MeVic?)
b __ 0
v'3.96 from SM = evidence for BBY — ptp~) = (L8T1)1) x 107

anomalously large CP violation B(BY — jp) < 4.0 x 10-° at 95%

v See Diego Tonelli’s plenary talk on Wednesday ' arXiv:1107.2304 !
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Conclusion

v"Huge number of signatures explored at the Tevatron.
v'Up to 9 fb! of data analyzed so far.

. . Process Lumi signif. Mass
v Few hlntS are belng ZZ-»4 leptons CDF 6.0fb™ 30> 325GeV
followed up on with the @ t>qw DP  53fb* 256  325GeV
full dataset (11 fb-l). WHj COF  7.3fb* 410  150GeV
v our goal - bbb COF  2.6fb* 2.80 150GeV
dimuon Asym. D@ 9.0fb™ 3.90
stone unturned B, coF  7.0fbT  30<
t-tbar Asym. CDF 51fb"  3.4c
v'We are in a new era of v Full set of results available at:
large data samples both CDF: http://www-cdf.fnal.gov/physics/exotic/

D@ : http://www-d0.fnal.gov/

at the Tevatron and the

LHC. ‘ ‘

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille 39



http://www-cdf.fnal.gov/physics/exotic/
http://www-d0.fnal.gov/Run2Physics/D0Summer2011.html

Thanks for your attention!

and thanks to everyone in CDF, D@, Tevatron
and computing divisions, and our funding
agencies for making all of this possible!

Thanks also to the Local Organizing Committee of EPS-HEP2011

Special thanks to CDF/D@® exotics/NP conveners:
Mike Eads (D@), Oscar Gonzalez (CDF), Michel Jaffré (D@)

ERS
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Perhaps no bump in the W+jets data

4.3 fb! . , o , ,
FIG. 4: (color online) Distribution of p-values for the sig-
i o —4— Data - Bkgd nal+background hypothesis with a Gaussian signal with mean
% 300E- — Bkgd + 1s.d. of M;; = 145 GeV/c? as a function of hypothetical signal
O ,s0F Il Diboson cross section (in pb). Shown are the p-values for the back-
o = [ Gaussian (Fitted) ) _ . . . ) .
= R Ganesiar {4-5b) ground prediction (dashed black) with regions corresponding
~ 200 M, = 145 GeV/c’ toa 1 s.d. and 2 s.d. fluctuation of the backgrounds and the
E 150 observed data (solid black).
> L
M C
100 o g P(x*) = 0.464 = 1
S = [ Expected %1 s.d.
o s 414 z 107 £ [ ] Expected 12 s.d.
g e = T |.+. L .E 10—2 ; """ EXP@Cted
0TS0 W 10 20 B0 s g = s rved
Dijet Mass [GeV/c7] g: 1073 -
-4 -
Jadranka Sekaric E 107 =
< B
'ED 10'5 ? ““““““““““
I E
107 £
PRL 107, 011804 (2011) | b
= D@, 4.31b
10_SE——I-HIH-III||||||||||||||||||||l||1|

05 1 15 2 25 3 35 4 45 5
Signal Cross Section [pb]
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zy

=

CDF public
note 10603

PRD 84,
011103(R)
(2011)

Z7 — 00040~

o(pp — Z27Z) =
1.2470-37 (stat)

+0.11 (syst) £ 0.08 (lumi)
in agreement with
NLO QCD predictions.

EPS 2011- Grenoble

Events / 5 GeV/c?

Events/25 GeV

/7— 4 leptons

5 — |
_CDF Preliminary, L=6 fb o data
A [ ]PYTHIAZZ - 4L
3 —
2+ ® L
1— * e -
ESTs
e e
cPDO 150 200 250 300 350 400 450 500
M, (GeV/c?)
L DG, 6.4f5" 4 Dat
- [ ]Signal
a- [l Background
3
2- 1T
: =
I e L . T
GO 100 200 300 400 500

Four-lepton invariant mass (GeV)

Arnaud Duperrin - CPPM - Marseille

o4 — T
% _CDF Preliminary, L=6 fbMZZ > 300 GercZ
O ¥ data
o3
= zz ™
P
c
82 Y
L
1 Yy
0 ¥ i i e | [— -
0 50 100 150 200
P (ZZ) (GeVic)
2 6 -1
o DO, 6.4fb +pata
s I [ ]Signal
% 5? [l Background
@ 4 -+
3_»_
T L
2H
e
03520~ 60 80 100 420 140 160

Ziy Ziy p_ (GeV)



/7— 4 leptons

CMS Preliminary 2011 &5

Events/10 GeV/c?

—
<

CMS Preliminary 2011 Ns=T7TeV L=1.131"
T |,|"\| N T
Y 4 _

[[] m,=250 Gevic?

-
-——-——_——

[] my=200 Gevic? |
[ m,=150 Gevic?

100 200 300 400 500 600

EPS 2011- Grenoble

M, [GeV/c?]

H — Z7Z™) — 4]
CMS PAS HIG-11-004

Arnaud Duperrin - CPPM - Marseille
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t'—qW

Selection requirements by search

g

t'— Wb

lepton pr > 25 GeV/c
> 4 jets with Ep > 20 GeV

lepton pr > 20 GeV/c
> 4 jets with Ep > 20 GeV

-1 2 jets with EFp > 25 GeV
5.6 fb 1107.3875 (2011) J Fr > 20GeV Br > 20GeV
Mrw > 20 GeV/ c? > 1 jet identified
Fr.eig > —0.05- M7 w + 3.5 as coming from a b-jet
Requirements on A¢ between
103 ' ' ' + Observed lead jet Er or lepton pr and Fr
E CItT (350 GeVic?)
> Ll
5 102L Cw+jets, EW T T T r T
0 Lol . t'—Wq, > 4 jets
g 101_ 3"‘ 1 R HT VS. Mreco VS. Njet
@ Q.
z L —
100, T =
=
10-1} !
' 0.1 Observed 95% CL
w0l ] 5 Range of upper limit
2 | | expected 95% CL
E 0 MAFLESPR . 0 01l-upperlimits
(] .0'
o + ‘ \ | * . ' Theoretical prediction*.,
-20+ b — 1 1 1 1 HN
. . . . . 200 250 300 350 400 450 500
0 100 200 300 400 500 ’
Mioco (GeVied) t" mass (GeV/c?)
v Tevatron:

Process

372

Limits (GeV)

EPS 2011- Grenoble

4th generation

b'—>tW [t'—>qW t'—>bW‘ t'—tX

358 | 360

Arnaud Duperrin - CPPM - Marseille

strongest limits

to date in b’,t’
(for tW, gW, tX)

45
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8"

v Have historically been a source of major discoveries
v’ Most models predicts such high-mass states

Upsilon discovery at i .

Eermilab in 1977 v’ Look for bump in dilepton mass spectrum
Jo

JMJ)/

Sequential V'
X— ev ee up ep 1T qq tt tb Wz

Limits (GeV) ‘1120 1023 1071 700 399 740 900 885 180-690

RS-G. k/M,;=0.1

B £e YY B eetyy pupteetyy @ WW 44
i 914 963 859 1058 1111 300-754 491

B SR e Ry T
Mass GeV


http://upload.wikimedia.org/wikipedia/commons/0/03/Upsilon_peak.jpg

Randall-Sundrum Gravitons —ee+yy

oxBR(G—vyvy/ee)(pb)

arXiv:1103.4650 (2011)

— RSImodeI, INLO cr&ss secfion

—— Observed 95% CL upper limit

Expected limit

|:| Expected limit + 1o
- Expected limit + 20

107 P\

10° F

200 300 400 500 600 700 800 900 1000 1104
Graviton Mass (GeWcz)

v Both CDF and D@ combine
the ee and yy searches

EPS 2011- Grenoble

PRL 104, 241802 (2010)

4
% 10 Data
‘:3 10° [ Instrumental background

Total background
Signal: M =300,450,600 GeV, kM,=0.02

102 (b)
10s [ Ll |_| L P
200 400 600 800 1000

M,, (GeV)

v' The inclusion of ee in the yy RS

search results in a 50%
increase in the rate of
potentially produced signal.

RS-G. k/M_,;=0.1

ee

YY Hy

914 963 859

ee+ nu+ee+yy WW

27

Arnaud Duperrin - CPPM - Marseille

1111 300-754 491
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W’ —ev W’ —tb

PRD 83, 031102 (2011) | PLB 639, 145 {2011) |

"umsi
Ew*‘—: E
° ] S
gw—? _______________ g
ERT'E e, S =
10L
1_ Total background | =
- We—=evy
10'1'; ————— Multijet -
10_?_; —ems Other backgroond v;,j T ,
: fivu (aB S(149°) +al (1—9°)) W* fj+hec.,
10— T - 2v2
10 10° 10°
m; (GeVic?) Dhiman Chakraborty
Sequential V'
X— ev ee uu eu 1T 9qq tt tb Wz
Limits (GeV) 1023 1071 700 399 740 900 180-690
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Randall-Sundrum Gravitons — dibosons

PRL 107, 011801 (2011) ‘/‘/ ‘4/

= 10°E
f.'- - Dg,5.41b" - Expected Limit
S 10~
§ 10 M — Observed Limit
T N
Y 15— \‘——ch(G—>WW)
(11] C
3
o 107

102 \\\

200 300 400 500 600 700 800 900 1000
RS Graviton Mass [GeV]

v’ graviton decays to photons, leptons, and light jets can be
suppressed, and dibosons become a discovery channel.

RS-G. k/M =0.1
ee vy Uy eetyy uu+ee+y'y WW

914 963 859 1058 1111 m—

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille




2

4.1-5.4 fb? PRL 107, 011801 (2011)

v'W and Z highly boosted:
= e.g. Wjj—>single jet

W —-WZ

v combined result based on
three independent searches:
= 3 leptons + |vjj + lljj

% % E 102 DD, 4.1-5410" e Expected Limit
% E — Observed Limit
1 10
% % N —— o X B(W - W2)
uses “jet mass” E’ 1
W pT(W) >> Mw © 10"
v’ reconstructed WZ transverse 10°
. . 200 300 400 500 600 700 800 900 1000
mass used to set limits SSM W’ Mass [GeV]
Sequential V'
X— ev ee uu ey 1T 9qq tt tb Wz
Limits (Gev) [1120 1023 1071 700 399 740 900 885 jE:{eX°l0)

EPS 2011- Grenoble

Arnaud Duperrin - CPPM - Marseille 50



PDE) Vector Quarks—Wq or Zq

5.4 fb?

= Observed Limit
DO, L = 5.4 fb' e Expected Limit
Expected Limit +2 s.d.
Expected Limit +1 s.d.
-------------- LO Prediction, K q = 1
L LO Prediction, kg = 0.5
oy ’0.,. LO Prediction, EqQ =0.2

PRL 106, 081801 (2011)

(pp—Qq-Zqq) (fb)
%
|

1025—

J
ez
s
",
L e ae
03, Yy,
ey, "y
't.-,”' llllllll
G

300 350 400 450 '5'65%5561 '666"%65'6' 700
m,, (GeV)
v’ benefit from the lower

kinematic threshold

v’ Search for Wqg and Zq resonances
v'Use W/Z and at least 2 jets

channels compared to pair

production
4th generation vVQ
Process b'—tW t'—>qW t'—>bW‘ t'—>tX | gW | qZ
Limits (Gev) | 372 | 285 | 358 | 360
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) —
b’ —tW £
RS
PRL 106, 141803 (2011) "
}% : 5j€tS| S —e— Observed
(100=- . < —* Data
; 6 Jets ; Bkg +b’ 30
10_— ! JEtS_‘ — Total Bkg. 300 350 ‘;,60
% + ? LI ) Quarkjinass [GeV/c?]
i il LA
X = [ QCD v’ pair production of 4t bottom-
: 7 EDiboson  ike chiral quarks
. = v e/pnand5 jets
Zor | - Dat . .
ol #{% r%? e« " Bl une. ¥ dominant background (80%) is
2 -10F i — b’
© 0 500 1000 1500 2000 2500 3000 t-tbar |
Jet-Hy /

Total event energy

4th generation vQ
Process | b'—>tW t'—>th'—>bW‘ t'—tX | qW ‘ qZ

Limits (GeV) 340 | 358 | 360 | 693 551
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Signature-based searches
l.e. are observations consistent with SM expectation?

SM Background
7 flﬂl. f

)

v’ These global analyses have revealed
v no new physics in 1-2 fb!

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille 53



W+y+b-jets+MET

me”? CDF public note 10270 Tevatron Run II, pp \s=1.96 TeV
5'7 fb_l ﬁ106;_ .............................................................. .---T-heo-ry ...........................
'8_ - [1 CDF Preliminary

| . . ~ 10° g B CDF.Published -

v {(vErb signature is for £ p® 2
. el Swh &
instance possible in P
GMSB susy models. 0. WE

- , 5 10° -

v’ The SM tt~ process is G Bofwzsnge
one of the largest S "L opey
backgrounds O - |

o)
ﬂ.1oe

W ETW, 5 Wk Wt 2 Hgg,

The probability, assuming no true t-tbar-y Standard Model
(SM) signal, for the background alone to produce at least as
many events (30) as observed in data, is 0.03% (2.7 o).



v+Jets+MET

v+z2Jet+E >20GeV  CDF Run Il Preliminary 4.8 fo'

CDF public note 10355

S .
4.8 fb! 105%— girin (weighted)
10“;5 | E EWK
. = L T o Nun-collis-.ion iData]-
. . . C.1~:'_II E R Systematic Uncertainty
v’ signature possible in GMSB $E % T —
—~ (0] (v~ |
-~ () A o =
susy models ( X; — 7G). = o
v’ prompt y production, i
prompt yy production, 10
electroweak production of 10° - L s
charged leptons that fake a - wE e Ony St Erron Dae
E OEE SR + Stat on Bg.
prompt photon = PYTHIA P @
v'QCD => data
i
b oosb & S
in agreement with the S g [
BT T e e R T 300

Standard Model expectation v, e

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille
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Multijet resonances (+bbb)  raicecouer

g b v  Ex: search in triple tagged data
_ 95% C.L. upper limits arXiv:1106.4782
. f,; .0 ----  expected limit
- o . 2.6 b7 Cg e
; —— observed limit
b ; z v'2.80 at M,, =150 GeV
< 10 |
v’ gz~ 0.7-0.9 could produce 1
the observed excesses (ex: PV%/

83, 115013, 2011) 1 S

v’ or search in multijet (no b-tag)

= M3 jet5) F€SONANCE \

v 20 near 175 GeV (~top quark)

v’ Set limit on RPV SUSY scenario:
o(pp — XX!) x BR(gg— 3 jet + 3 jet)

EPS 2011- Grenoble Arnaud Duperrin - CPPM - Marseille Eric Kajfasz

[pb]

o x BR(pp — 3j + 3))

10°

150 200 250 300 350
m, (GeV/c?)

_ CDF RUN I 32fb1
-.-..05Tew02<m <o77evie 3.2 fbl

£ —-m=m, + 10 GeV/c2 —— 95% C.L. limit observed
Foa N — 95% C.L. limit expected
D + 1o on expected limit

arXiv:1105.2815

q q—>a+Jet >~ j
"780 100 120 140 160 180 200 220 240

I GeV/
gluino mass [Ge %é


http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/3b_susyhiggs_june11/color-plots/xs-limits-log.eps

t-tbar asymmetry

v'The SM predicts small (6%) charge CDF public note 10436
asymmetry between top and anti-top Ay = 042 + (0.15)¢ + (0.05)"55¢

Ay, (Mz>450 GeV) CDF Il Preliminary (dilepton final state)

[ [ S E— = I S ...._.._J’_.L..m_&..s._T.m._ -
= : : ! g . .
s e ¥2.30 from the SM prediction
10 _ ......... | :g.:. S SR éa‘l‘:’:f;vz‘zz / Mtt>450 GeV:
e 63 events in the positive side.
S e 41 events in the negative side.
v’ 3.40 in the |+jets topology
0-2 -1 0 1 2
Ay

v'Numerous recent theoretical papers suggest interesting new
physics mechanisms including axigluons, diquarks, new weak
bosons, EDs etc..
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A bump in W+jets data: what is it ?

v'How about a Z’ again ?

v’ 7’-fermion-fermion couplings as a free
parameter = opens a wide range of Z’ masses.
v’ A leptophobic Z’ is constrain at both lepton and

hadron colliders (M, <300 GeV = overwhelming
multijet background at Tevatron).

Phys. Rev. D 83, 115013 (2011)

My Jqqz' bbz’ Gutzr * W+jets CDF bumps paper has ~70 citations
WE 4+ 140-150 GeV 0.1-0.3 = there are many other phenomenological
multi-b 130-160 GeV <1 0.7-0.9 explanations!
tt asymmetry 120-280 GeV 0.3-0.8 ¢ Z'is just one (popular) example

Matthew R. Buckley,!, Dan Hooper!':?, Joachim Kopp®, and Ethan Neil® (see also Hewett and Rizzo, arXiv: 1106.0234v2)

v The three anomalies (3b, t-tbar asymmetry, W+ijj) can be
simultaneously explained by a Z’ with an approximate mass of
140-150 GeV (and could have important implications for dark
matter phenomenology).
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0, 2\_ _4 Vv D@ justreleased an updated
" 20/ T s measurement of the anomalous like-
sign dimuon charge asymmetry A®
o2 for semileptonic neutral B decays
. jdslovsrieni e aae Al = (—0.787 + 0.172 (stat) = 0.093 (syst))%
=u. the measurements with .
IP selections v 3.96 from SM = evidence for
004 00 0 a anomalously large CP violation
v’ The dependence of the

talk on Wednesday (also impact barameter is
discussed by Guennadi P P

Borissov in the Flavor Physics consistent with the hypothesis
session last week) that it originates from
semileptonic b-hadron decays



b MSSM * Thomas Kuhr

arXiv:1107.2304

BO—

v’ CDF just released a search based on
B — s and B —pt
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v'In SM, tiny BR~3.2 10 (and 25 times smaller for B)
v’ But in SUSY, enhancement ~(tan B)® factor
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Thomas Kuhr

v" blind analysis using signal MC and side

band data
g D70<v, <087 | 087 <y, <0887 | 0887 <v, <0885| v, > 0085 _ ‘/ Normahze to the B+_)J/\V K+ mOde
g I ¥ Use a Likelihood ratio to discriminate
e - E\:-dl.gm.li"c B:—pu .
o WS @wsa) cC g from huge puu background using:
] 0s : e Secondary vertex displacement
1 .. g
] M * B pointing angle to Primary Vertex
W"-E—* Z_ 070 <v, <007 | 007 <v, <0087 | 0.0E7 <v, <0005 | v, > 0.005 : * B iSOIation;---
2 | v’ Look inside a mass window
- 6P i Bg—m‘p'
N CF
@ *] -
f= T
g2 oo e - v’ Excess of B, (~less than 3c)
5 0= v/ No confirmation from the ~ EJ 0 - T s
g To update shown by LHCb at - B(B;, — p"p~) = (1.8Z55) x 10
151 i -1 C _ _
1ol E25 Wil 3OIO pb o B(BY — pTp~) < 4.0 x 107° at 95%
e Justine Serrano (LHCb)
51 w02 heanhakal g . )
T e o i e e v’ See Diego Tonelli’s plenary talk
W] B N s e o
5231 5279 5327 5231 5279 5327 5231 5279 E53IT 5231 5279 B3AT
. (Mev/c) on Wednesday
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