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Over 9 fb™' delivered
Data recorded at ~90% efficiency
Results today use up to 6.3 fb™

Calnnme-tar ‘
Toroid ; ) .
Run Il Integrated Luminosity ‘ 19 April 2002 - 18 July 2010 ‘

Electron acceptance: |n| < 3.0
Muon acceptance: |n| < 2.0
Silicon tracking: |n| < 3.0
Calorimetry: [n]| <4.2

2T central solenoid
10m x 10m x 17m, 5000 tons
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Supersymmetry Searches
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An Experimentalist's View of

Supersymmetry
: Particle
* Supersymmetry (SUSY) predicts that each l N
standard model particle will have a SUSY 2 ) 2

partner (differing by 72 unit of spin)

» Must be a broken symmetry, or the “sparticles”

would have the ~same mass as the SM particles

(and we would have seen them by now) . '
« SUSY phenomenology is driven by how

SUSY is broken Supersymmetric

- Most generic has ~100 free parameters ‘shadow’ particles
* Much easier to work with mSUGRA (gravity-

| mediated), GMSB (gauge-mediated), or other Leptons — sleptons
SUSY breaking models with O(5) free parameters Neutrinos — sneutrinos
* R-parity Quarks — squarks

Gauge bosons — gauginos
Higgs bosons — higgsinos
These mix to form

neutralinos and charginos.
HCP 2010 Toronto Michael Eads
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GMSB in yy+MET (1) \
6.3 fb"’

Gravitino is LSP, lightest neutralino decays 10
photon + gravitino

> -1
. . 8 10° DY 6.3 fb e vy sample data ]
S|gnature IS yy'l'MET e B SM + GMSB (A = 120 TeV)
B 102E SM + UED (R = 460 GeV)
§ ; — SMyy ;
- 2 photons above 25 GeV W 10 B vz .
- MET > 50 GeV i misidentified electrons
- Model instrumental 'O misidentitied jets E
backgrounds from data . S
: 107 i E
- MET in SM yy from ee : — é ;
- MET in y+jet from photon 1075 - ~
with reversed quality cuts :
0 50 100 150 200 250 300
Missing ET [GeV]
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GMSB in yy+MET (Il

6.3 fb"

Observe 4 events, expect 6.9+1.0 from

background

Set limits using MET distribution

SPS8 GMSB

SUSY (Prospino 2.1)

D 6.3 fb™

o [fb]

10°

10:—'

- e

e e mm =

NLO cross section =
observed limit 3
expected limit

expected limit t 1o
expected limit £2 ¢

1k T2 140 760

e —
m , [GeV] I
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Exclude A below 124

TeV, neutralinos below
175 GeV for SPS8

scenario

arXiv: 1008.2133
Submitted to PRL




RPV Sneutrinos in eu (1)

5. fb™
- RPV = LSP can decay

- Various RPV couplings can lead to baryon- and

lepton-number violation
» Require one electron and one muon, look for bump in
iInvariant mass distribution
+ = a) DO, 5.3fb' © data
e N = signal (M_=100 GeV) [Z/v*
10°E I signal (M =400 GeV) Ml W+jets
> [ [ " [Cdiboson
o oem T i
& F - i W
I ‘2 15_ f},"- _l_l_ e
o E i AT
E -1 [ et {LLLL "5 IIIIIIIIII
L I
d u L e T l;])d o 500
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RPV Sneutrinos in eu (I)

5.3 fb-

Observe 414 events, expect 410£38 backgrouna
(mostly from Drell-Yan and diboson production)

Set limits with invariant mass distribution

Exclude sneutrino below ~280

GeV (depending on RPV
coupling values)

v 5|
C H \\Dﬁ, 5.3 fb'—— observed Limit
é 30; y \ ------- Expected Limit
;j:. 251 1 \ - Expected Limit +1 s.d.
E’ o0 L\ [ ] Expected Limit+2 s.d.
. v \ N.L.O. pp—v.—eu
o 15 \\ eimen Xy, =0.003, 2,,,=0.005
c—', : \ — — %,,,=0.003, A,,,=0.07
5 o -
» 5
h 11 11 | 1 |.:.:.'-;\-;-FWT?FF!— o

Q00 150 200 250 300 350 400 450 500
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) Search for Sbottom Squarks (I) 1 -

5.2 fb"’
* Assume sbottom decays to b -
b and neutralino Y
Missin
* Produced in pairs, so <0 Energf
signature is bb+MET —
b
3 10° —IO—Datzl I(a)
- 2 or 3 jets, one tight b-tagged, & — B’ (13085) Gev
one loose z 10, H0Gey
- Veto leptons (W background) € 10 g Wit
- MET > 40 GeV, MET signif >5 @ [ =1T)‘_’:
- (multijet) 10 Mt
- (Jjet1 p_+ jet2 p_)/H_>0.75/0.9
(top) l:
T | 0 100 200 300 4o
26 August 2(()) {(())n ° Universit}llvf)lf(‘: ? S ET (GeV)I 0

N =




N

; I - I [
® DO, L=5.2 fb (b)
O 120 ’ u
@ —Observed - LY
Sl oSS 10 Eeeed S S gwt \G
o DO %
c 80 — " N\_Runli B
- \310 pb
i | CDF . _
_ 3 60 \ Runn | :
For massless neutralino, = cpe 1295pPb7| ‘
exclude sbottom with 40~ 23?,.!,—1: |I -
mass below 247 GeV 20 - | | t
W
0 \| | | ;
arXiv: 1005.2222 0 20 100 150 200 25
Accepted in PLB Bottom Squark Mass (GeV)
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) Third Generation Leptoquarks

:
LS

5.2 fb"
* Interpret previous bb+MET search in terms ot

third generation leptoquarks
- Charge 1/3 LQ3 decays to by or tr

- S | |
S Do, L=52m" (a)
é —— LQ NLO cross section, B=BF(LQ,—bv)=1
© i — — LQ NLO cross section, B=1 - 0.5xF,,
L e Obsorved limifs Exclude LQ3 below 247
N\, e Expected limits GeV (assuming 100% BR
to bv)
10-1 = R
G arXiv: 1005.2222
| | | AN .
150 200 250 300  Acceptedin PLB
Leptoquark Mass (GeV)
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Extra Dimensions Searches
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Extra Dimensions

Can explain why gravity is so much weaker than other
forces

Particles propagating in ED have Kaluza-Klein (KK)
excitations

Randall-Sundrum (RS) models

- SM and gravity on separate branes, only gravitons
propagate between

- Relevant parameters are curvature scale (k) and
| compactification radius (r ) (equivalently M. and

KIM )

Universal Extra Dimensions (UED)

- All SM particles can propagate in extra dimensions

HCP 2010 Toronto Michael Eads
26 August 2010 University of Nebraska - Lincoln
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RS Gravitons in DIEM (1)

- Look for KK gravitons decaying to ee or yy

- Treat the two channels separately
- Diphoton BR twice as big as dielectron BR
» Require 2 photons (or electrons) above 25 GeV

> A5 - - > 10*
© 10 Data © Data
2 . [ ] Instrumental background ee O B ] Instrumental background
10 Total back ~ 10
-~ ground — Total background yy
% 10°E}y e Signal: M =300,450,600 GeV, kM;=0.02 g 10° RS, Signal: M =300,450,600 GeV, kiM=0.02
3 10° 3
qa_J o 10
© 10 © 1
-1 f-
é 1 DG, 5.4 b é
-1
210" 310
1 0—2 (a) 1 0‘2
1 0_3 ] ) ) L | I 1 l I I ; I -3 ] ] ] ] ] ] ] L
200 400 600 800 1000 10 200 400 600 800 1000
Mee (GeV) MYY (GeV)
A2A6VAu_gvu‘s:[ 2010 Universit);'gtt I\;evbr;sl;a; - Lincoln 15
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RS Gravitons in DIEM (I1)

Observation consistent with expectation

* Use invariant mass window (depending on graviton
mass) to set limit

Exclude graviton below 560 (1050)

GeV for k/Mpl of 0.01 (0.1) AR ik 28 A I
o) —s=— 95% CL upper limit z 0.1 wossssm AN E =
= . expected limit |§0.09 [ ] excluded at 95% CL E
% - expected limit + 1o ] expected limit E
g 10§ E/X&ecgeg:'m'”z" 0'07 DI Do PRL 100, 091802 (2008) E
g F O\ e K/M=0.02 ' :
a L, — k/Ei:=005 006 —E
§<\ - k/Mpr0'1o ) 0.05 —;
+ . \ -
(? 1 0.04 E
: 4 0.03 =
g [ D@54 : e DG, 5.4 fb™
© - S, \ ) g
200300400 500 600" 700800 00 1060 110¢ O et E

Graviton Mass M, (GeV) 0~"300""400 500 600 700 800 900 1000 1100

Graviton Mass M, (GeV)
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UED in yy+MET
Interpret yy+MET search in UED model

KK photon decays to photon and graviton

6.3 fb"

=1 UED (PYTHIA 6.421), AR =20

o) 1 .
= 10°F D5 6.3 th == LO cross section —
EXCI u de o} E observed limit
. gom u - = expected limit
compactification S—— -
. ted limit + 2
radius below 477 L mrpecteaimizze |
GeV = a— =
1 1 1 1 1 1 1 | 1 1 1 1 1 1
1 460 480 500 520 540 560 Gss‘c\)’ —
arXiv: 1008.2133 I . (O
Submitted to PRL ; m,, [GeV] -
1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
380 400 420 440 460 480 500
R [GeV]
HCP 2010 Toronto Michael Eads
26 August 2010 University of Nebraska - Lincoln 17

Q — : p—




Searches for New Gauge Bosons
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w Z' Iin Dielectrons (l)

electrons

mass spectrum

HCP 2010 Toronto
26 August 2010

« Search for a new Dg, 0Ty } T v
neutral gauge boson
decaying to a pair of

» Require two electrons
(> 25 GeV) and search
for bump in invariant

2
180F
O, - :
C Instrumental Background

S10 _1eof 1 D :
> 8 140F } - Other SM Bkgd
3 o u
310 —120F
> o . F
L + 100

) C

o 80F

—
o
w

so;—
40F
20k

—_
(@)
n

160 180 200 220 240 260 280 300
M, (GeV)

-
o

10"

1072

10°

200 400 600 800 1000 1200

Michael Eads M. (GeV)
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Z' Iin Dielectrons (ll)

5.4 fb'1

* Optimize search window based on Z' mass

- No excess observed

arXiv: 1008.2023

DO, 5.4 fb™ Submitted to PLB
2 o Observed .
& r 95% CL{ ... Expected 2} [ Excluded at 95% CL
° L W Expected +1o R Expected Limit
T Expected +2¢
N1Q? —SSMZ
A —
X C — Z
< —z
T - —
S —Z Sq
% 10 = —Z)
i Dg, 5.4 fb”
11 | 111 1 | | | I 11 1 1 | 1111 I 111 ] I 111 1 | 11 1 | 1 | 111 I 11
17500 300 400 500 600 700 800 900 10001100 Olblioieliiy, TS NS FEETS T N P
M,. (GeV) 200 300 400 500 600 700 800 900 1 I\%O%‘ 1\1/00
L. Ge
HCP 2010 Toronto Michael Eads

26 August 2010 University of Nebraska - Lincoln 20




W' =>W/Z in Trileptons ()

4.1 fb"

» Assume heavy W' decays to WZ, which decay
to leptons
- Signature is 3 leptons plus MET
> L L L B B B
8 sED@,41fb' .+ paa -
§ - "/ / /| WZ Monte Carlo .
W 41— . ]
= - /) Z+X (X=Y, jet, Z) .
- 3 e/u above 20 GeV L% B O W’ 400 GeV SSM signal 1
- MET > 30 GeV B — W’500GeV SSM signal -
| - Require a Z candidate 2 -
s L -
O:J __'__'_'_"J_I—Irl— s
100 300 400 500 600 700
WZ transverse mass (GeV)
HCP 2010 Toronto Michael Eads
26 August 2010 University of Nebraska - Lincoln 21
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W'—=WZ in trileptons (II)

Observe 9 events, expect 10.2+1.6 from
backgrounds (mostly SM WZ)

Exclude W' between 188
and 520 GeV (for simple
SM extension)

4.1 fb"

PRL 104, 061801 (2010)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
--------- Expected 95% C.L. limit

2,
|
w,
IS
IN
SH

- Excluded 95% C.L. region
Bl Expected 95% C L. limit
--------- SSM value

— Observed 95% C.L. limit 10

— — 6 xB(W— WZ), SSM

*1 s.d. expected limit

6 x BROW’— WZ) (pb)
3,
I

p—
j)
IIIIIII| T TTTIT T TTTTI T

N
N

PN
: véj{gf/////////////%

—_—
IIIII| T

W’WZ coupling strength / SSM

oIl DJ, 4.1 fb'

~N
IIIIIIIIII II II\IIIIIIIIIII I

200300 400 500 600 700 800 900100 200300400500 600 00 w0 9001000
My (Ge W’ mass (GeV)
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Hidden Valley and Other Searches
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Hidden Valleys

- Hidden sector very
weakly coupled to SM
particles

» Can directly produce HV Tevatron
particles, can have e
cascade decays to HV
particles, or SM particles
can mix with HV particles

........

| * HV particles can then
decay back to SM
particles (often with a
significant lifetime)

HCP 2010 Toronto Michael Eads
26 August 2010 University of Nebraska - Lincoln 24
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Dark Photons (I)

« Hidden Valley with SUSY

: : q
* Final state is photon, MET, and
two (close) leptons
(?'D) 30 D+@ 4.1 fb—l_ (a) ; (05 30 D+@ 4.1 (b) ;
~ . HH 1 & ce E
S 25¢ 1 o 25 7
2 20F 1 2 1 -
= | = :
> 15 15 ;
68 10;_ | |. ! 1 M _
SE 4. RIS : ]
OEEII”.!I..-.” P _.Tefﬁii&:.u_u.l_
05 1 1.5 2235
m, (GeV)
HCP 2010 Toronto Michael Eads
26 August 2010 University of Nebraska - Lincoln

ff
[
s
Xa v 0 ¥
W+ : Xl X
VWA .
2T

- Photon above 30
GeV

- MET > 20 GeV

- Two tracks above
10 (5) GeV and AR <

0.2, matched to EM
cluster or muon

25




Dark Photons (ll)

No excess observed

Set limit based on invariant mass distribution

Exclude chargino mass of 240,
142, 200 GeV for dark photon
mass of 0.2, 0.782, 1.5 GeV PRI 103, 081802 (2009)

—m, —OZGeV D@4.1fb_1
- _;m —0782GeV

L2 240 - m =1.5GeV ------- diphoton search exclusion

b
n
N’

(

xcluded region

= Expected exclusion

3 DR
'l,nl.llllllllll

20000
SRR ¢ . .
RER0R Diphoton search exclusion

ha
[
o0
(@)
rrryrrryrrryrrryrornrypnrnri
[T T[T [TTT]

o | i N k
120 140 160 180 200 220 240 260 280 300 32( 0 01 02 03 04 05 06 07 08 09 1

chargino mass (GeV) Br(x)— Y X)
HCP 2010 Toronto Michael Eads
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Leptonic Jets ()

Similar to dark photon analysis

QT T R L R R A =
I —-—uudata D®58fb1: 1
O
- Signal .
P Background
c B Normalization error
&
107" £ Y
vl by b b e a by B
10 20 30 40 50 60 80 90 100 > CABRREARES LAREY RARENREES BERESEEEEsEEsEseEsssme 1..:
Missing E_ (GeV) & [ ™™=, —— ee data D@ 5.8 fy
T - 10™ —— ee — Signal —=
“ L, @ ; :F Background =
I = LOOk fOI’ muon Jet ;C: 1'_ - B Normalization error N
17 . " . > g Eas 3
r “electron jet” with T T —
multiple tracks 10" -
- Isolation P
107
- MET > 30 GeV o ..
L Ll I NIRRT A PR A P
HCP 2010 Toronto Michae 0 10 20 30 40 50 60 70 80 90 100
26 August 2010 University of Nel Missing E_(GeV)
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Leptonic Jets (l1)

* No excess observed

Set limits as counting experiment in 3

channels
~ Data  Bkgd  Signal Eff

° N | | L R ISR R
g | inclusive imit D2 5.8 16 _----
"E " —4— Obs. in Y, mass window - 17.5+4 .2 7.8%
s B gy s window 12 §----
s f BLE
Q
(7)) 102 == § >4
/)] - 8|«
o I HzE
& B ® |8
= e e -
o E/Z]  arXiv: 1008.3356
V‘”z Submitted to PRL
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 ]
0 0.5 1 1.5 2 2 5
Dark photon mass (GeV)
HCP 2010 Toronto Michael Eads
26 August 2010 University of Nebraska - Lincoln
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Quirks (1)

N

2.4 fb”

* New SU(3) gauge group with new fermions (quirks)
- Phenomenology depends on scale (A)
- Probe mesoscopic scale
» Use dE/dx in inner tracker E;E‘f
o N F
% 10°E i . D0, 2.4fb"" I !Fr |
2 P . ~- Data L if -/
®10° % —— Background o
; . _._/ | e mQ= 80 GeV i
105 Ty o Me=100 GeV Quirk pair with
| i Mt “mesoscopic” scale
102 : 9 i st/ 0008, i
0 5 10 15 20 25 30 35 40
dE/dx (MeV/cm)
HCP 2010 Toronto Michael Eads
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Quirks (I1)

24fb1

* No excess, perform counting
experiment on dE/dx distribution

Vary dE/dx threshold based on | Exclude quirks with
quirk mass

_o(QQ+jet) _(fb

N
I

mass below 107 GeV

arXiv: 1008.3547
Submitted to PRL

DO, 2.4 b’
— ™", MadGraph

== Expected Limit

= QObserved Limit
- Expected +1 s.d.

HCP 2010 Toronto Michael Eads
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60 80 100 120 140 160
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Conclusion

- D@ contirues to efficiently take data, improve
- alysis techniques, and explore new models

available (technicolor,
‘.Erﬁle__l-jrldependent,

= i l: ¥ - " -
w * L el - f‘ " "‘ — s '-: : 2 i |"'-_.|. .
-

il S Al-pObiic resulks@él."

14 flr http: /T;N-db fnal.goi
¢ Thanks to our hosts! '



http://www-d0.fnal.gov/Run2Physics/WWW/results.htm

Backup
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Displaced b-Jets ()

* SM Higgs mixes with HV Higgs

» SM Higgs decays to HV particle,
which decays to b quarks

- 2 jets above 10
GeV, one containing
a muon

-Secondary vertex

(* Data impact parameter >
G10c i Bkad
w £ ST “g 1.6 cm
© i | — Signal
L) | i 2
€ 1 MRy Dpo.36ib ~10 SV per 0.0016 cm
> b s | 10°
107 A, 102
; 7y ° '
_2 O 1, . . |/§ L o - E 10
0% 2 "4 "6 "8 10 5 §
Min(SV1,SV2) Mass (GeV) oD i
HCP 2010 Toronto Michael Eads ) -OI 0O -5 5 10
26 August 2010 University of Nebraska - Linc X (cm) 33
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Displaced b-Jets (ll)

T

» Use SV mass and collinearity
to reduce background

* No excess observed

PRL 103, 071801 (2009)

myy=15 GeV, L =5 cm

my,y=40 GeV, L =5 cm

—eo— Observed limit
- Expected limit
—— Theory

3.6 fb

—h

o(H+X)xBR(H—HVHV)xBR?(HV—sbb) (pb)

Og0 700 120 140 160 180 200
M, (GeV)

H

)
o
O R ~| —e— Observed limit = M,=120 GeV, m_ =15 GeV
T e imi 2 _
E 10 E_ » ExpeCted Ilmlt -’_g PN Observed Iimit .............. ..............
B Eopme | —— Theory 1 |- Expected limit
é = g 10 MHiggs | i
T o - : e
= 1_ .......... X : ——
:F]‘ = e e s ) ; ---------
L o — T
n: I A PR : T o]
8 [DP,36f" TS i 9
$101|| § R Y | e s e ——
% 80 100 120 140 160 180 200 X D T T R T T O
y (GeV) T 23 456 7 8 9 10 11
Decay length (cm)
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