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Supersymmetry /

¢ Beyond the SM ?
= radiative corrections to the Higgs mass
= Unification of the coupling constants
= include gravitation
= hierarchy problem
¢ Supersymmetry: each SM particle has a SUSY partner which differ by !4 in spin :

2 SM fermion = SUSY boson R— Cll”ity (_ 1 )3(B—L)+25
2 SM boson = SUSY fermion p
SM Supersymmetric particles: R-parity = -1
¢ No scalar electron with the same mass R-parity=+1 Interaction Mass
as the electron: g=u,d,c,s,t,b 91, 9r squarks 91,9, squarks
2 SUSY must be broken I=e,u,T 1,1, sleptons 1,1, sleptons
¢ R-parity conservation: V=v,,v,,v, v sneutrino v sneutrino
2> SUSY pa}rticles are pair produced 3 % lifine % A
= the LSP is stable : dark matter candidate a . -
. . . w w wino
¢ R-parity violation: i
: : - - higgsi X hargi
= new terms which violate the H, H, LR Xia SR
conservation of the lepton and baryon H; H; higgsino
number can be added in the lagrangian y y photino
= the LSP is no longer stable 7 5 o 30
. L o 1234 neutralinos
H, H, higgsino
WRPV_AUkL L E +A' JkL Q D A”zijiDjDk Hg [5](2) neutralino
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¢ Why is it so interesting for experimentalists ?
= It doubles the particle spectrum: large variety of new particles and of final states
= Large number of SUSY models which can be tuned to predict new particles at ~any masses
= SUSY can be searched for in all topologies: missing ET, multijets, multileptons, photons, with b quarks or
taus, long lived particles...

¢ Large numbers of new parameter
¢ mSUGRA: 5 parameters:

tan(f) : v.e.v. ratio of the 2 Higgs Fields

m : scalar mass @ GUT scale

m : gaugino mass @ GUT scale
%3

sign() : Higgs mixing mass parameter
A : trilinear coupling @ GUT scale

0

¢ Only recent results from D@ on SUSY searches are reported

¢ Much more D@ results on leptoquarks, extra-dimensions, compositeness... available on:
= http://www-d0.fnal.gov/Run2Physics/WW W/results/np.htm

All limits quoted in this talk are at 95% C.L.
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Luminosity and data samp

¢ Excellent performance of the TEVATRON:
> 1.2fb" recorded during Runlla
2 Peak luminosity : regularly above 125E30 cm’s™
before the shutdown

w Run Il Integrated Luminosity \ 19 April 2002 - 23 May 2006
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& Most of the results with ~300 to 450 pb™'
& Few results with the entire Runlla data
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The DO detector
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Trileptons (I)
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¢ Gaugino pair production via EW interaction:
= small cross-section (~0.1-0.5pb)
= but very low background, thanks to the tri-lepton
+ MET signature
¢ However:
= need to trigger and to reconstruct low pT leptons
= “identify” the third lepton as an isolated track
= need to have one analysis per topology:
> ee+l 200
> like-sign di-muon
> uu+, ep+l, et+l, pt+l
¢ Analysis with ~320 pb™ is published
= Phys. Rev. Lett. 95, 151805 (2005)
= New results for the ee+l and like-sign di-muon
channels with ~1fb™
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Trileptons (II)

& ce+l analysis : L=1.1 fb’ L
. [ 17— tautau
2 Preselectlon cuts: E 10* D@ Runll Preliminary 1.1 fb™' -i’—)te rEu
. - i Y —ee
= 2 electrons with pT>12 and 8 GeV . — s
> Anti Z->ee cut : 5 e
w C1ZZ4 or2l +2nu
> 18 < Mee < 60 GeV 10° I aco
- : [ lsusy
> AdP(e,e) <2.9 1

> anti ttbar HT<80 GeV

> require a 3" isolated track with pT>4 GeV
2 MET related cuts:
> MET > 22 GeV

102

> transverse mass (e, MET)>20 GeV 1045‘.“...|....|....|‘...|.‘..|..‘.|...‘|....\....
> significance of MET > 8 GeV PR e W ER s
> MET*pT(3" track) > 220 GeV* P
¢ Backgrounds: . T2 2 s
2> using PYTHIA ?"_J’ i i_' D@ Runll Preliminary 1.1 ' — vy
= Final background is mainly di-boson 2 ; o wwa -
& Systematic uncertainties small compared to £ 1o S zzaorns o
the statistical error: L %25%
2 JES : <4% signal, 7-20% back. B E
> PDF < 4% - ]
= modeling of the multijet background (4%) E ]ﬂj :
10° =
- I i
Data Total background 10°E
ee+l 0 0.76 +£0.67 (stat) 6~ 10 20 30 40 50 60 70 80 90 100

3" track Transverse momentum [GeV]
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¢ like sign di-muon analysis : L.=0.9 fb"
& Preselection cuts:

=2 2 muons with pT>5 GeV :

- DO Run Il preliminary, 0.9 b’

. [

> matched to a central track

Trileptons (III) //

i sincl

> and with same sign

? B W ob—pv+X
= muon isolation wrt calo and tracks 1L —
¢ Optimization of the final event selection: 15 =l
= require invariant dimuon mass below the Z 1078 i
2 pT(ul)>13 and pT(u2)>8 GeV 1024 BhL
2> pT(u2)<35 GeV 0 20 40 60 8 100 120 140
= transverse mass (U2,MET)>20 GeV M (GOVIE)
2 MET > 10 GeV S 00k
2 MET significance > 12 § . i‘ DO Run Il preliminary, 0.9 f6" | [ i
> MET*pT(u2) > 160 GeV? IR
¢ Backgrounds: :2, ol =
2 di-boson, W->uv, Z->uu, Z->bb (PYTHIA) % 10 =i X
= instrumental QCD back. using loosely isolated muons 1 =§f3:uu+x
¢ Systematic uncertainties small compared to the | Z A0
statistical error: 107§ e o |aco
> JES : <4% signal, 7-20% back. o2 Lo
2 PDF <4%

10 20

30 0 50 6
2 modeling of the multijet background (4%) nexkieipading . (hevi)

Data Total background

like sign di-muon 1 1.1 £0.4 (stat)
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Trileptons (IV)

.

Lum. (fb') Data  Total background
ee+l 1.2 0 0.76 £0.67 (stat)
R+l 0.3 2 1.75 £0.57 (stat)
e+l 0.3 0 0.31 +0.13 (stat)

SS pp 0.9 1 1.10 +0.40 (stat)
et+l 0.3 0 1.58 £0.14 (stat)
pe+l 0.3 1 0.36 +0.13 (stat)

¢ tan([3)=3. pu>0. no slepton mixing :
=2 Heavy-squarks scenario :
> squarks are heavy
> sleptons are light
> No destructive interferences
2 “3l-max” scenario :
> mSUGRA
> sleptons are light, but above chi02
2> “large-m0” scenario :
> mSUGRA at high mO
> chargino decays only via virtual gauge bosons

)< BR(3I) (pb)

+ 0
XaXa2

o

0-5 ‘ T T T '4 | T T T T | T T T T | T T T T | T T T T | T T T T ]
- “ D@ Run Il Preliminary, 0.3-1.1 b’
I 4 T, 2
_ Q. " e -0 0, . -0, _|
e % MERME=2ME): MO>ME,)
= “g%/ tanB=3, p>0, no slepton mixing -
0.3— ‘9%" o
C > » —— QObserved Limit
& /"b w v Expected Limit -
0.2= 2 a, 3
i large-m, o
C ‘ G O N ] PG R e el i e s -]
0100 11 120 130 14 150 160

Chargino Mass (GeV)

& The new eel (1.1 fb") and like-sign di-muon
(0.9fb™") analyses are combined with the
published puu+l, eu+l analyses (320 pb™)

¢ Mass limit :

= Charginol mass limit of 140 GeV in the
3]-max scenario
> previous limit with 3201)b'1 was 116 GeV

Large improvement with increased statistics

P. Verdier, W&C : June 9" 2006




Squarks/gluinos (I)

¢ Large squark-gluino cross sections at hadron colliders
¢ Jets+MET topology : largest branching ratio
¢ mSUGRA with conserved R-parity:
= lightest neutralino LSP
= for direct comparisons with CDF/DO Run I results:
> tan(B)=3, A=0, u<0
& 3 analyses for different signal benchmarks: L.=310 pb"

2 Low m0 : m(squark) < m(gluino) => “dijet” analysis

— ~ i) S
» m0=25 ' qq—qX,qX,
> at least 2 jets

= Intermediate mO : m(squark) = m(gluino) => “3-jets” analysm

> at least 4 jets

> at least 3 jets qg—>qX1qu
=2 High m0: m(squark) > m(gluino) => gluino analysis
~ ~ _=0 =0
e 88—99X/qqX,

Events / 50 GeV

¢ Main backgrounds: Z->vv+jets, ttbar, W+jets

¢ Common pre-selection: 2 jets Pt1>60, Pt2>40 GeV and Inl<0.8
require at least 2/3/4 jets (pT>60/40/30/20 GeV)

confirm the jets by their associated tracks : reduce the QCD back.
veto on isolated electrons and muons

isolation between MET and jets

OPtimization of the final MET and HT cuts

L2 B

Evenis / 5 GeV

P. Verdier, W&C : June 9" 2006

Events / 10 degrees

10

.. D@ Run II, 310 pb’
dijet . Data
t -W/Z+|ets,ﬂ
..... 1sUSY

20 40 60 80 100 120 140 160 180
A(})min(ETlvany let) (degl‘ees)

16—

- 3-jets - Data
- O7) W/ Z+jets, it
7iSUSY

D@ Run II, 310 pb’

500 600
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10

D@ Run II, 310 pb’
. Data
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— Fitted QCD




Squarks/gluino

¢ Final MET/HT cuts :
2> “dijet” : MET > 175 GeV, HT > 250 GeV
2> “3-jets” :MET > 100 GeV, HT > 325 GeV
2 “gluino” :MET > 75 GeV, HT > 250 GeV

“Dijet” 6 4.8 +4.4 -2.0 (stat) +1.1 -0.8 (sys)
“3 jets” 4 3.9 +1.3 -1.0 (stat) +0.7 -0.8 (sys)
“Gluino” 10 10.3 +1.5 -1.4 (stat) +1.9 -2.5 (sys)

¢ Systematic Uncertainties :

JES (10-20%)

luminosity (6.5%)

PDF on the acceptance (6%)

jet-ID (5%)

15% on back. cross sections (W/Z+jets, ttbar)

correct treatment of error correlations between back. and
signal

Effect of renormalization/factorization scale on the signal
cross section : next slide

P. Verdier, W&C : June 9™ 2006 //// Recent SUSY results from DO

L7 0

7

¢ Candidate with the largest MET:
2 MET = 349 GeV
2 HT =389 GeV
2> pT (jetl) =266 GeV
> pT (jet2) = 100 GeV

11
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¢ Signal cross sections:

>
4

4
4

hypotheses:

» nominal : CTEQ6.1M and pu=Q

» minimal
» maximal

2 Very large effect: +60 -40% for intermediate mO

¢ Cross section and mass limits :
= They are therefore obtained for the 3 cross section hypotheses
= Combine the 3 analyses in the limit computation (removing the

small overlap between them)

Signal cross sections using the 40 CTEQ6.1M PDF sets

The large uncertainty using eigenvector 15 (PDF sets 29 and 30)
comes from the very poor knowledge of the gluon at high-x
Combine quadratically the effect of the 20 eigenvectors
Combine quadratically with the effect of the
renormalization/factorization scale (U=Q,Q/2,2Q) => 3 cross section

iy
(4]

-t

Cross Section (pb)
=]
[4)]

D@ Run Il, 310 pb'

mt;:ma, AD=O,‘ tan(p)=3, ;‘1<0
—— NLO cross section

—e— Observed limit

--#--- Expected limit

¢

X "ﬁ"ﬁ--&.ﬂ

T IR
300

320 340 360 380
Squark-Gluino Mass (GeV)

esults from DO

Cross Section (pb)

6 L I B
5F m,=500, A =0, tan(p)=3, p<0
g E— NLO cross section
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3 C --4--- Expected limit
2L
I A
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Squarks/gluines (IV) /

D@ Run 1T 310 pb': Accepted by PLB

;\600 I\|IIII I\|IIII|IIII|IIII_
aJ DG Run ll, 310 pl:i1 §
S, | tan=3, A =0, <0
;
© Ly
= 400 J
x = - X
E = D@ Il nomsu_ami
= 300 solution \
N N
DO 1B h
200
100
% 100 200 300 400 500
Gluino Mass (GeV)
(Mg, M3) observed expected
0 min (241,325)  (246,330)
onom (257,339) (261,344)
omax (274,352) (280,358)
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- : Tevatron Run II: ]
(1)) — DO observed i
O -- D@ expected .
~ 500 —— CDF observed
0 ---- CDF expected
(7))
m —3
= 400
v = : R
E S8 /il e . ho mSUGHAS
-5 s solution N
o 300 \_
({3) N
DO IB b
200 J
100 N
LEP
0 | [ | | | | 1 ™1 | | | (BN [N
0 100 200 300 400 500 600

Gluino Mass (GeV)

CDF released a preliminary analysis with 378pb™ optimized for
M(squark)=M(gluino): no excess
2 tan(b)=5 (=3 for DO) : small effect
2> only 1" and 2™ gen. squarks (+sbottom for D@) : small
effect
=2 CDF treats the effect of the PDF/Scale on the signal cross
section as a systematic uncertainty on the number of signal
events expected, in the limit computation : D@ result for the
minimal cross section is much more conservative

USY results from DO 13




2 ® Data sub. of SM

Sbottom (I) /

.
-

»
.
hS

Events /5 GeV
2,

¢ Lightest sbottom are pair produced and decay: B y 1°Le
- —bX
> R-parity is conserved ! 1
2 100% BR for this decay channel 10
¢ Acoplanar di-jet events + MET + b-tagging
= softer jets and MET for low mass difference between the 10 o . o
sbottom and the lighest neutralinol Er (GeV)
> 25: D@ Runll Preliminary -
G _
2 20 (b) B
2 | p
-1 E 15:_ B
¢ [=3 10 pb T - WWwzZZZ
¢ Event selection: 101 "
2 at least 2 jets with Inl<0.9 and Pt1>40 and Pt2>15 GeV st .
confirmed by the tracks F o ==
= acoplanarity between the 2 jets < 165 degrees 25 253' =350 "300
> MET > 40 GeV After b-tagging Br (GeV)
- Minimum azimuthal angle between any jet and MET < 35° £ b D@ Run i Preliminary ———
= veto on isolated electrons, muons and tracks with Pt > 5 GeV = (a) e
=2 b-tagging using a Jet Lifetime Probaility (JLIP) 40 Wi
> working point with the lowest mistag rate (0.1%) ok m
> at least on jet tagged : —
> Final optimization of the following cuts in the 201 i
(Mstop,Mneutralinol) plane : isolation between jets and MET, 1oL . Wi
MET and jets pT mm - —
Y12 3 456 T e e o

number of jets

P. Verdier, W&C : June 9" 2006 s fr 14




¢ Optimization of the final cuts for different (sbottom1,neutralinol) mass combinations :
2> (140,80) : Pt(jet1)>40, Pt(jet2)>15 and MET> 60 GeV
2> (160,75) : Pt(jet1)>40, Pt(jet2)>15 and MET> 80 GeV
2> (205,60) : Pt(jet1)>70, Pt(jet2)>40 and MET>100 GeV

(140,80) GeV (160,75) GeV (205,60) GeV statistical error only
Data 36 15 2
Back. 38.6 £ 2.8 19.6 = 1.7 4.40 = 0.44
Signal 350+1.2 21.6 £ 0.7 6.10 = 0.17

)
[=)
o

T I [« T T I I | I I I I | I I

reliminary

D@ Run Il P

D@ Run Il
310 pb”

02
o

¢ Dominant backgrounds are W/Z+jets
No excess is observed
¢ Main systematic uncertainties:
> JES (12 to 22%)
= b-tagging (8%)
¢ Mass limits in the (sbottom1,neutralinol) mass plane
¢ NLO signal cross sections computed with PROSPINO 3
for the renormalization and factorization scale mu=2Q o - -----------------------------
(Q=Msbottom) ava

¢ Previous limits are largely improved 0-,{ N
0 50 100 150 200

Scalar bottom Mass (GeV/cz)

*

Neutralino Mass (GeV/c2
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o (B rl//
(1
Stop in acoplanar le

¢ Secarch for the flavor changing decay of the lightest stop:
= stop are pair produced
= R-parity is conserved
= 100% BR for this decay channel
¢ Acoplanar di-jet events + MET:
= low stopl/anti-stoplcross section
=2 softer jets and MET for low mass difference between the stop D ,
and the lighest neutralino1 Mo M (i)
= use c quark tagging

> >0
t,—>cX,

Events / 10 degrees

D@ Run IT Preliminary

Events / 10 degrees
—

¢ [=310pb"’
¢ Event selection:
2 exactly 2 jets with Inl<1.5 and Pt1>40 and Pt2>20 GeV

H 2ol |

R

2
confirmed by the tracks g
. . 80 200 220 240 260 280 300 320 340 360
= acoplanarity between the 2 jets < 165 degrees A$ Min + A Max (degrees)
2 MET > 40 GeV
5 % 10 = D@ Rum II Preliminary F 2,
= veto on isolated electrons and muons > F . 0,:_\ g
= Heavy flavor tagging (JLIP): 2 il ? k oco
. 4 1 E 10 _fﬂt\
> at least on jet tagged S ; T
= Optimization of the following cuts in the oL + 140 . 70 é;\\-;n 11 ﬁ;
(Mstop,Mneutralinol) plane : isolation between jets and MET, 1
MET and jets pT e . ﬁH H
h 50 00 150 1 S0 250

Missing E . (GeV}
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¢ For M(stop)=130, M(neutralino1)=50
2 Pt1>40 GeV, Pt2>20 GeV
2 MET >70 GeV
2 AP max+AP min < 280 degrees

Data
“Dijet”’ 60

Total background
59.4 +8.3 (stat) £9.8 (sys)

= Dominant backgrounds are W/Z+jets

2 QCD background is 5.6% of the total back.

= Signal efficiency = 3.7% => 39.5 signal events
¢ Small excess of events at very large MET:

2 8 events for 3.0 £1.2 for MET>150 GeV

= not in the stop signal signal region
¢ Main systematic uncertainties:

2> JES (5-10%)

= heavy flavor tagging : 7%

= back. cross sections : 13%
¢ As for the squark-gluino analysis, 3 signal cross

section hypotheses (PDF/Scale)
= Excluded contour is extended
= The largest stop mass excluded is 131 GeV

P. Verdier, W&C : June 9" 2006
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Stop in bl sneutrino (I)

¢ Search for the three body decay of the lightest stop:
t,—>bly t :

= stop are pair produced
= R-parity is conserved
= two channels:
> di-muon channel
> e-mu channel

¢ Di-muon channel : L=339 pb™
= 2 opposite sign muons pT > 8 and 6 GeV
2 atleast 1 jet with pT > 15 GeV and Inl<2.5
=2 1 loose jet b-tagged (JLIP)
2> A® (leading mu,MET) vs MET
= Anti-Z->mumu cut
¢ Main backgrounds:
2> QCD
> Z->pp
= top pair
¢ Systematic uncertainties:
2> JES :4t0 22%
= b-tagging : until ~11%

P. Verdier, W&C : June 9" 2006

¢ ¢-mu channel : L=350 pb"
= 1 isolated muon with pT>8 GeV
= 1 isolated electron with pT > 12 GeV
= opposite sign
= Optimization of the final cuts:
> MET
> AP (e,MET) vs A® (U,MET)
> Transverse mass (e, MET)
> Number of non isolated tracks (INIT)
instead of requiring reconstructed jets
¢ Main backgrounds:
= Instrumental back.
= di-boson
= top pair
> Z->11T
¢ Systematic uncertainties:
=2 NIT cut (4%)

Its from DO

18



Stop in bl sneutrino (1I) /

dimuon channel e-mu channel
| Muon-Jet-EM corrected Met | ATA ; Dimuon skim b DO P rel i m i n a I"y
= i: ;fc;::ls“”»nn [ Non-isolated tracks | <r|1 10 | T T | T T 71 | T T T T L
% \:I yt [ 5 l:ylh\a'2m>t1 :
%103 (— Py:” WW = E Pythia : WW4WZ+2Z 2 : DO Run I: 47
B Alpgen/Pythia : ttbar —> e : A
S E Com /P . SN 14550 % 10 _l > 1 00 ........... ‘ﬁ ﬁ; ggg Bg T
2107 DO Preliminary] & DO Preliminary ' ,
o
e E W 0 Himesle ettt 0 0 7| SO0 ... R . ..............
w

10E

107k

107 A

20 40 60 80 100 120 140 160 180 20C 9

Met [GeV/c2]

Sneutrino Mass [Ge
\l
(=]

Data Total background Y/ aoF 70 LR N L — T A
II|III|III|III|III|III|III|III_
emu low Dm 21 23.0%3.1 60 80 100 120 140 160 180 200
emu high Dm 42 40.7 + 4.4 Scalar top Mass [GeV/c ]
mumu 1 2.88 + 0.43 (stat) +0.10 -0.04 (sys)

¢ Combination of the results :
2 with 100% BR for t, > blv
2 MSSM with tan()=20, u=225 GeV, M(gluino)=500 GeV, M(A)=800 GeV
> slepton parameters tuned to obtain equal BR of charginol in all lepton flavors

» Vary At => stop mass, M(1*/2™ gen. sleptons) => M(sneutrino), M1 => neutralinol lower than the
sneutrino mass, M2 => charginol mass virtual

& M({,) > 175 GeV for M(¥)=60 GeV
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RPV : trilepton A121, A12 ///

Aljk <
® =360 pb’ o %, o
Pair production of gaugino (X X, orX,X,") AH\ |
¢ R-parity violation: LLE couplings .. i

. _ b
2 SUSY particles are pair produced (RPC) Lljk L IJk<

> R-parity violation in the LSP decay (X 0) 1:6,2—u,3— 0 Y

1 — — X g i
¢ LLE couplings: below current limits, X?decay “v“@“\ |
length < Icm

2> Al21 =A122 =0.01 e
2> Al133=0.03
¢ Models :

> mSUGRA 7->TT->T U
2> MSSM had.

¢ Three analyses :
2> eel : l=e or u
2> uul l=e or
2> eet
¢ Event selection:
low pT leptons
isolated electrons and muons 10%
tau ID using NN '
neutrino in the final state => missing ET cuts

¢

| D@ o u+jet OS data
H 2 -

103‘; | |u+jetLS data

| L 12 - pp,W— v

Events / 0.05

— Signal

L

0O 01 02 03 04 05 06 07 08 09 1
NN output

20
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RPYV : trilepton A121, A

. : . M % [GeV
L 4 Slgnal simulation: 150 200 250 xil 300]
2 SUSYGEN/SUSPECT =} DO, 360 pb™ — %o (SUSY)
2 NLO cross sections with GAUGINOS '—60- 1- o ifjiﬁiﬁﬁ?&ts
¢ mSUGRA with : % _____ —e— A5, Observed
B | N T —=— A, 5, Observed
2 tan(P)=5/20, A=0, u>0 / <0, m0=100 GeV or 1 TeV SR R . O
¢ MSSM with : S
= heavy squarks and sleptons 10
2 no GUT relation between M1 and M2 e N
m,=1 TeV
Data Total background 2x10°? tanB =5, A=0,p>0 N
60 80 100 120 140 160
eel 0 0.9 +0.4-0.1 (stat) = 0.1 (sys) M X9 [GeV]
pul 0 0.4 £0.1 (stat) + 0.1 (sys)
eet 0 1.3 £1.7 (stat) £ 0.5 (sys) D@ Run IT 360 pb': Accepted by PLB
— > DO, 360 pb™"
¢ Some mass limits in mSUGRA.: S S MSSM
¢ tan(B)=5, A=0, u>0, m0=1 TeV = o] T,
> A121: M(X®)>119, M(X " 1)>231 GeV : e
18(}2 '
¢ tan(B)=5, A<0, p<0, m0=1 TeV i A,
> M22: M(X;)>117, M(X,| )>234 GeV 1400 &
1 Sxess Exclusion domains
1 g Il obs- A, exp. Ay
¢ tan(B)=20, A=0, p>0, m0=100 GeV 190) | EP excluded | I obe r oA
> A133: M(X])>115, M(X | 1)>217 GeV 20 60 ' 100 140 ' 180 220
M %9 [GeV]
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Resonant Slepton

¢ L1=380pb’

¢ Only LQD A'121coupling can be non zero:
= Resonant slepton production via RPV A'121
2 RPC decay into lepton/gaugino
= decay of the gaugino via A'121 coupling

¢ 3 Channels:
> i—X’y  :2muons + 2 jets
> ﬁ—>>~<§’,3,4u : 1 muon + MET + > 2 jet
> V,~X, 1 ;2 muons + 4 jets

~0 ~*
. . %2 Xy Mass [GeV]
¢ Event selectlon. 0 100 200 300 400 500 600 700

= at least 2 isolated muons: Pt1>15 and Pt2>8 GeV s 80y 7 g 02 -
2 2 jets with Pt>15 GeV and Inl<2.0 2 004
= Final selection optimized for 117 combinations of smuon E 500 0.06
and neutralinol mass using the reconstructed masses, the 008
muon and jet momenta. Example for M(slep)=260, and 400 '
M(neut1)=100 GeV: 0.1
0.12
Data Total background 300
0.14
i—X'u 14 11.9 +2.1 (stat) +1.5-1.6 (sys) ///
~ < 0.16
El—>x(2)34/,l 28 25.4 +3.2 (stat) +6.7-4.2 (sys) 20078
- 0.18
v —oX|, U 8 6.5 +1.6 (stat) +2.0-1.2 (sys) :
. : 100 + Generated points 0.2

¢ Syst. uncertainties: largely dominated by JES (14-26%)

0 50 100 150 200 250 300 350

¢ mSUGRA : tan(B)=5, A=0, u<0 -9 mass [GoV]
2 M(smuon)>210 GeV for A'121>=0.04
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GMSB SUSY in diphoton even

¢ In this analysis : ~ 0 ~
| X, —yG
= Rp is conserved

= lightest neutralino NLSP (prompt decay)
= gravitino LSP (M< few keV)

¢ C(Clear signature: 2 photons + MET
¢ Remember CDF Run I event

¢ 1.=760 pb"'
¢ 100% trigger efficiency at the final stage
¢ improved photon ID compared to the D@ Run II

analysis published with 263pb™ [Phys. Rev. Lett. 94, 3 15 D% Fun T Freliminary
041801 (2005)] & I
total BG

¢ Physics background negligible 10°
¢ Instrumental backgrounds (EM misidentification)
estimated using real data:
= without true MET : QCD

> use diEM data sample with loosened photon ID
> Normalization at MET<12 GeV
= with true MET :W(—>ev)+yor jet
> use ey events with true MET
¢ Final cut on MET at 45 GeV =>4 events

©  BG with true MET

-

L,

1 1 1 1 I 1 1 1
120 140 160

-
Q
T IIIIIIL'—I—L("b-I-I-Illl T IIIIIII| T IIIIIII| 1T IIII|

Missing ET, GeV
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GMSB SUSY in diphoton even

back. with MET  (0.28+ 0.06

¢ Good agreement between data and back. without MET 1.8 +0.7
background predictions Total background 2.1 +0.7
¢ GMSB SUSY signals: data 4

2 GMSB Snowmass slope
¢ Signal efficiencies : ~18%

¢ Relative systematic uncertainties : D@ Run IT 263pb™': Phys. Rev. Lett. 94, 041801 (2005)
2 15% in total (photon ID, lumi, PDF, trigger, AN
track match veto) S [fb] - NLO D& Run Il Preliminary
= dominated by photon ID (10%) 13 760 pb”
¢ NLO K-factor from PROSPINO .
¢ Limits on the chargino and neutralinol 10° F ’
masses: -

> m(X})>120GeV
> m(X] )>220GeV

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
100 110 120 130

2> A > 88.5 TeV (Effective scale of SUSY m,, [GeV]
breaking) 10E BT I R R
~ mx: [GeV]
] ey ey oy ey ey ey
70 75 80 85 90 95
A [TeV]

Large improvement with increased statistics
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& If the gluino lifetime is long enough, it will hadronize into colorless hadrons i.e. R-hadrons

= The idea is not new: Fayet and Farrar introduced those R-hadrons in the early years of SUSY models

= New models at the end of the 90's with a gluino LSP, or NLSP but stable, and with a higher gluino mass (~10

= And more recently

[Phys. Lett. B 76 (1978) 575; Phys. Lett. B 79 (1978) 442; Phys Lett. B 78 (1978) 417]
2 A light gluino (M ~=1.5 GeV) was then considered in the 90's.

> It was finally excluded in 2001 at LEP

> At that time also, studies on the R-hadron spectroscopy (some funny names like the glueballino=gluino-

gluon state), and on R-hadron interactions with matter

to 150 GeV): that's the “heavy stable gluino” scenario
> Gunion/Rabi
: split SUSY

: [Phys.Rev.D59:075002,1999; Phys.Rev.D62:035003,2000]

> N. Arkani-Hamed, S. Dimopoulos, G.F. Giudice, A. Romanino [Nucl.Phys.B709:3-46,2005]
» W. Kilian, T. Plehn, P. Richardson, E. Schmidt [Eur.Phys.J.C39:229-243,2005]

0%

¢ split SUSY very quickly: 10|
= all scalars are very heavy "
= the fermions (higgsino, gaugino, gluino) are light G
= as the squark are very heavy, the gluino is stable, o
hadronizes into R-hadrons and reach the calorimeter

P. Verdier,

W&C : June 9" 2006 esults from DO
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10°
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Stopped Gluino (I)

¢ R-hadron interactions: A. Kraan [Eur.Phys.J.C37:91-104,2004], A. Arvanitaki et al. [hep-ph/0506242]
= Fraction of charged R-hadrons ~= 1
= via electromagnetic interactions, a R-hadron can stop into the calorimeter, and decay later (10 us to few
hours) into gluon-neutralino
= that's a completely new strategy :
> jet production not coming from the interaction point, and not synchronized with beam crossing

¢ Event selection:
= only one jet with E>90 GeV and Inl<0.9

¢ L1=350pb" 2 the jet is a wide shower
¢ Gluino are pair produced 2 2 2 no primary vertex
¢ Gluino Lifetime: E — Mg - MLSP < cosmic muon veto

> greater than 10 us jet 7 M. ¢ Background estimation from the data

= lower than few hours g
& Topology: I D@ Preliminary (L=350pb™)

= empty event with a single jet of energy
¢ Use the triggers requiring:

= a jet in the calorimeter

= veto on luminosity counters
¢ Backgrounds:

= cosmiC muons

= beam halo muons

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

=
R

1 I 1 1 1 1 I 1 1 I I 1 1 i I
100 200 300 400 500 600
Jet energy (GeV)
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Stopped Gluino (11I)

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

Triggers:

r—

N 195

“ET
(GeV)

Rms: 6.78 0 47" MET et: 194.7
Min: 0.327
Max: 34.4
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Stopped Gluino (IV) /

¢ The previous jet energy spectrum is divided into = 2
windows corresponding to the jet energy CRrL: D@ Preliminary (L=350pb")
resolution: E 1.6;— —e—  Expected Limit
.E 1_4:- —s— Observed Limit
§ 1.2:-
Data Back. Signal Eff. 3 F
[94.6,111.6] 46 48.2 0.05 & "8
[126.8,171.8] 32 37.8 0.10 3 ..
[169.3,233.8] 27 21.6 0.11 B ool
[214.2,286.6] 14 9.6 0.10 T T

Jet Energy (GeV)

¢ Cross section limits:
=2 100% BR to monojet
= the cross section is the gluino pair production cross
section multiplied by the probability that the R-
hadron stopped into the calorimeter
= Compute cross section limits vs jet energy
= Using the formula on previous slide, obtain a limit
for a given LSP mass
¢ Mass limits :
> Mgluino>270 for M(X)=50 GeV

M(LSP)
oy A
50 5.2

D@ Preliminary (L=350pb™)
-o- Expected Limit
=€ Qbserved Limit

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

10"

100 150 200 250 300 350 400 450 500 550 600
Gluino Mass (GeV)
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l/ DZ Run Il Preliminary
Charged Massive Stabl e |
‘514002—
(1200
r — Data muons
L 2 L:390 pb_l 1000:_ ----- 100 GeV staus
. 0 o o 800 300 GeV staus
¢ Charged particles with lifetime long enough to escape the detector| .-
2 GMSB with stau NLSP 4002—
2 AMSB with a mass difference between the charginol and the 200
neutralinol below 150 MeV AT e e
. peed Significance
¢ CMSP can be detected as a slow moving muon
-). use the Lo timing 1nformat10r% . . o D Run Il Preliminary
¢ Pair production of stau and charginolpair production 3 wo-
¢ Event selection: gjzz—
2 2 muons with Pt>15 GeV, A® > 1.0 E a0of-
2 construct a speed significance using the information of each layer of | §™F
.. . Z 0
scintillator in the muon detector T anof
= use the correlation between invariant mass and the product of the &: 3
speed significance of the 2 muons R R wa e it i SN
XS NO excess ) _ Slgnlflcance Product
i DZ Run Il Preliminary DZ Run Il Preliminary D Run 1l Preliminary
- L = 390 pb” [ L = 390 pb” 0e L =390 pb”
A10-1 E_ S —_ 1 g_ ‘\..“ 96% CL Ci Section Limit o E 95% CGL G Section Limit
f,.- ? f’; - A A NL; Cross Section Prediction Ié BN AT UYL NL; Cms;u:;“(:: I::*“:Z:“”
"1}10'2 = 95% CL Cross Section Limit Q i I & ';3_ ;
+‘_ E 2 [ NLO Cross Section Prediction =10 3 o +?é- [
T - . T 10 =
e, 2 1o [ la = B
" F £ e [ = a [ B
E 1] ~ [ ~— =
O F o 10" = o ) = 8
B w F w 102 1]
10t - E = E o
: i - :
50 I1(|)0I = I1&'!;0I = I2(|)0I = IZE":OI = I:‘;JOOI 5|0I I1(|)0I = 1&'!;0I — I2(|)0I = IZE":OI = I3.|00I SI]I - ‘1(‘]0‘ = 150 - 200 - = 300
Stau Mass (GeV) Higgsino-like Chargino Mass (GeV) Gaugino-like Charglno Mass (GeV)

W&C : June 9" 2006
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e 1=383pb’ 1
¢ Search for neutral long-lived particles decaying to 2 520 /
muons with a displaced vertex R=15 to 20 cm 1 1 v
¢ Motivation: <
= NuTeV observed 3 dimuon events for a background ]
prediction of 0.07

= This excess is compatible with a neutral long-lived
particle with mass ~5 GeV

. . . . . 95% CL on N, Production (lifetime = 4 x 107" s)
¢ Final interpretation in MSSM with RPV: o4

> MI1=3,5,8,10 GeV, M2=200 GeV, M3=400 GeV 2o

2 tan(B)=10, mu=-5000 ¥ oef =

> A122<1.0, Msbot,stop=1500 GeV, Msquark=300 GeV 2 oif - "

= pair production of neutralinol: x-sec ~=0.02 pb 5 ob. 5 s 45 .

¢ Event Selection: NS, Invariant Mass (GeV)
=2 2 isolated muons with pT>10 GeV
= displaced vertex : r=5-20 cm in the transverse plane
¢ Background estimation from the data relaxing cuts

— 10° DG Run Il Preliminary
% 108 NuTeV 99% Exclusion
¢ Results: 3 107
=10
2 Ndata=0 T 10°
= 10
2 Nbck.=0.75+/-1.1+-1.1 L 10°
° ’X:. 10° % Exclusion (Preliminar

¢ Not enough to exclude those SUSY points, but SUSY 2 10 e R e T
5 5 o = 1
interpretation of NuTeV excess 1s excluded & 107
v 10°

10°10%10%10°10210" 1 10 10% 10° 10* 10°
lifetime (10° s)
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Analysis Model
tri-leptons mSUGRA RPC
squark-gluino (Jets+MET) mSUGRA RPC
sbottom->b-chi01 MSSM RPC
stop->c-chi(1 MSSM RPC
stop->blsnu MSSM RPC
RPV LEE couplings MSSM RPV
Resonant sleptons mSUGRA RPV
diphoton GMSB
stopped gluino split-SUSY
CMSP mSUGRA/AMSB
NNLP MSSM RPV

Lumi. (pb*)
900/1100
310
310
310
350

360
380

760

350
390
383

Mass Limits (GeV) Conditions
Mchargino>140 “3l-max” scenario
Msquark>325, Mgluino>241 tan()=3, A=0,mu<0.
Msbot1>205 GeV BR(b chi01)=100% M(chi01)=60
Mstop1>131 GeV BR(c chi01)=100% M(chi01)=47
Mstop1>175 GeV BR(blsnu)=100% M(snu)=60
Mchargino1>220 M(chil0)>=40
Msmuon1>210 tan(B)=5, A=0,mu<0. & A'121>=0.04
Mchi01>120, Mchargino1>220 Snowmass slope
Mgluino>270 Mchi10=50
Mchargino1>140 charginol higgsino
exclude this SUSY interpretation of NuTeV di-muon excess

= data fully reprocessed

¢ The D@ New Phenomena group is very active (only SUSY results were shown today)
¢ A large variety of SUSY models are considered
¢ Already 1.2 fb-1 recorded during RunlIa:

= More results expected in the following months

This week is very important for the Fermilab community(ies), because...
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2006 Soccer World cup
started in Germany!

~ k=
[

U. de Busnos Aires LAFEX, CBFF, Ao de Jansairo

State L) do Rio de Janero

State L. Paulsta, S0 Pauk
Charkes U., Prague

Gaech Tech U, Prague

LPG, Glemaonl-Ferrand
Acadamy of Sckances, Pragua

AZ UL of Arizona

Ch U of Calilornia, Berkelsy
UL of Galifornia, Riverside
Cal. Slate U, Fresno
Lawrance Barkeley Mal. Lab.

FL Florkda Stata L.

L Farmilah
LI o llinais, Chicaga
Rarthwrn llinais 1,
Narttwestem U,

1N Indiana UL
L1 of Motre Diame
Purdue U, Calumet

1A lowa Slate U,

K5 U of Kansas
Kansgs Stata U,

LA Loutsiana Tech U,

MO U, of Mardand

MA Bastan L1
Martheastern L

MI L of Michigan
Michigan State L

M5 LL of Mississippi

ME L ol Meoraska

M Princeton U.

MY Columbia L.
L1 of Aochester
SLINY, Puitala
SLINY, Story Brook
Broakhaven Mat. Lab,

OK Langstan UL
U ol Gilabama

U, San Francisco de Quio
5N, IN2P3, Grenobie

GFPM, INZP3, Margsile

LAL, IN2F3, Ovsay

LPNHE, IN2P3, Paris:

DEPNIASPR, CEA, Saclay

|AnS, Strasbourg

1PN, 2R3, Villeurbanns

The DG Collabo
BN e

University Colkege, Dublin KDL Koraa L, Seoul
Sungkyunkwan L, Suwan

Pl of the L. of Zurich

i-B

CINVESTAN, Maxice City

Oklahoma Stata L.

Al Eeown L.

TH Southem Mathodist L.
LI o Texas al Arlinglon
Rica L.

WA L of Wirginia

WA L of Washington

D@ : 13 countries in the final tournament
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Runllb is starting

¢ D@ upgrade for RunlIb:
= Layer O installed
= Upgraded L1Cal and L1ICTT (central track) triggers
= Commissioning in progress
& Trigger menu for data taking until 300E30 cm’s™
= physics commissioning will start with the first
RunlIb collisions

¢ Running the TEVATRON at high instantaneous
luminosity is very challenging /S
¢ find SUSY with 4-8 fb"' between now in 2009 ? : / 3
, S

O T T T T T T
10/1/03 9/30/04 9/30/05 9/30/06 9/30/07 9/29/08 9/29/09
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Trileptons : CDF vs DO /

CDF Run 11 Preliminary: L=310-750 pb'L

g 1'3__ MSSM: tanﬁ:l].l}o, lx-l(j'(?)jl\-l(jﬁil_}wzl\-l@?) 5\ 0-5 R '4’ T T T T T T T T [ T T T T T T T T T T ]
2 Fa|  — guxBR TR e “ D@ Run Il Preliminary, 0.3-1.1 fb' -
g | =l GnLo*BR Uncertainty — = 4@ 5 5 i 6. ]
f‘ L 2 — 95% CL Upper Limit: observed 0 0'4_._ %ﬁ:'., M(?Z;)*M(iz)‘:2M@1); MG)>M(§€2) -
~ E ----- 95% CL Upper Limit: expected % % N w .
S osl = [ 1 Expected Limit+ 16 5 B 9&'-.' tanB=3, u>0, no slepton mixing i
a8 —~ 0.3 S —
=3 m 1 - 2 % —— Observed Limit
B N T2 e /y)) T, e Expected Limit -
* T 020 S h
S S e
: : o large-m, —
B L N . A Ivl L Hl | | | | ‘ | | | | | | | | | ] | | | | | | | 1 i 1 1 |"':
100 110 120 130 140 150 01 00 110 120 130 11[10 15 160
Chargino Mass (GeV/c’) Chargino Mass (GeV)
Both CDF and D@ set m_, = m_, = m,,
m,=60 GeV m(sl) =m(y,") + ¢
=> 2-body decays enhanced (+) =only 3-body decays (-)
st mixing on (3 st component) st mixing off (no st, component)
9
=> decays to T’s enhanced (-) = decays to T’s = to e/u (+)
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