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» Jet+MET analysis tools :
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» Calorimeter data quality Winter 2004
> Jet Energy Scale results
» Misvertexing and cosmics
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> LED : Search for Large Extra Dimensions (~monojet topology)+
» SUSY : Search for Squarks and Gluino (essentially dijet topology)
> LQ :  Search for Scalar Leptoquarks (dijet topology)
» Conclusion Summer 2004

result



De> Tevatron RUN Il Upgrade

» New Main Injector:

(=S

» Storagering up to 150 GeV
» New Recycler:

» Storagering for pbar cooling
and e-cooling (commissioning)

» Higher energy:
> 1.96TeV vs1l8TeV @ RUNI

» Higher cross-sections
(30 % for SUSY)
» Higher anti-proton intensity:

. Main Inje.ctdr 73
» 6X6 = 36x36 bunches a R tecycler

—

= = S *i e =

(3.5us= 396 ns)
» Higher luminosity:
» Design .
>“Runlla’ : 0.8x10*% cm?s?
> “Run 11b” : 2-4x10* cm™s* 3



Run |l Luminosity

» Design luminosity without
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» All analyses presented here:

» used MHT trigger
> L=85pb*recorded from :
April 2003 =August 2003

» no MHT trigger available before

MHT =|> P}

Peak Lum 20x Average



D@ Upgrade
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+ New Hlectronics, Trig, DAQ

» Preshower
» Muon forward chamber > DAQ system

» Solenoid (2T)
» Central tracker

» Trigger system

» Sllicon Vertex Detector » Calorimeter electronic



w Calorimeter Data Quality

» Calorimeter Data Quality isvery important for Jet+M et analyses, since most
calorimeter problems (hot cells, noise...) will increasethe MET tail

distribution:

» Calorimeter Monitoring programs allow to identify bad runswhich are removed
from the data sample

» Eventswell understood as noise patternsarereected

S. Shary (CALOR 2004)

= DO Run II Preliminary Before Calorimeter data
‘ _~~ cleaning procedure

After Calorimeter data
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Jet Energy Scale (JES)

» All Jet+MET analysescut on a MET distribution which decreases exponentially

» Themain systematic uncertainty comesfrom the error on the JES

» JESrelativeerror (%) : \Winter 2004 inred, summer 2004 in green

All analyses here
use 0.5 cone jets

e _(Eig-0)
jet (R S)

jet

raw jet E(GeV) 50 100 150 200
old 4.5 4.7 4.8 4.9

el new 20 21 25 3.0
e od 6.1 6.4 6.6 6.7
new 08 04 03 0.4

combineq ©d 63 80 82 83

LED and SUSY
analyses used
winter 2004 JES
LQ analysis
used summer
2004 JES

hew 2.1 2.1 2.6 3.0

» DATA and MC errorsare quadratically added

» 8% relativeerror on thejet energy =>[20% ,50% ]
JES systematic uncertainties at the end of the
analyses

» Between winter and summer 2004, JES errors have
been reduced by a factor 2-3

¢



% Mis-vertexing and Cosmics

A
» At RUN I, mis-vertexing creating fake
MET was one of the most important
sour ce of background in the squark-
gluino search
» At RUN |1, theimproved tracker [Chosen vertex
capabilitiesisused to rgect those events
» Charged Particle Fraction computed
per jet with good tracks coming from
the chosen vertex: D z>
(>’ Ptgood associated tracks) [ruevertex
CPF — . 9000
(Pt Jet) SDED-_ D@ Run Il Preliminary
. ] 70001 0.05
» In case of mis-vertexing, and also of 6000}
fakejet, CPF isexpected to be~0 souol
4000
» It isavertex confirmation because of 3000
the quality reguirementson the 20004
tracks entering in the computation 1000
of CPF % 0.1 02 0.3 04 05 06 0.7 08 09 1

Jet Charged Particle Fraction 8



Large ED:
Monojet




w L arge Extra Dimensions

» Theoriesof large extra dimensions have been proposed as
a possible solution of the hierarchy problem

» In alargeclass of models. seriesof graviton (G) states
called “Kaluza Klein tower”

> Two parameters: Gk
» Thefundamental Planck mass M
D ﬁé\oﬂ
» n=number of extra dimensions id\ﬁ‘

» At the Tevatron:

» gravitons can be produced
recoiling against a quark or a gluon

» Gravitons escapein the bulk and
create MET

» small gravitational couplingis
compensated by the large number
of kinematically accessible states
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w LED : Event Selection

=

| | | | 1= ., D@ Run Il Preliminary
> Trigger “offline” confirmation: E L * e Daia
> MHT > 40 GeV g0 = )
| I {li Signal
» Cleaning procedure: o e .,
» Calorimeter data quality §
> |z] vertex < 60 cm 10 % n=6’1\/ID=O'7 Tev
> Select eventswith 1 high Pt jet: before  F tﬂw
ingi cuttin 3 T ﬂ'Ji
- Picadingjet> 150GV ’ t; 100 15D 200 250 300 350:-400 450 500
> In|leadingjet < 1. on MET missing ET
> leading jet hadronic QCD 150 GeV
» leading jet track confirmation

» electron and muon veto against W/Z : : :
J 2" jet with low Pt is allowed
» Topological cuts:

» MET >150 GeV cut on the phi angle between any jet
> Pt 2" leading jet < 50 G(i/and MET toreject eventswhere one
> min. AO(MET, jet) > 30° of thejet energy fluctuates and creates

fakeMET
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DES LED:

» No QCD background remaining
» main background:

» Z — VV +jets
» Signal :

» Scanning :

»N=456,7
> M 5= 0.6,0.7,0.8 TeV

» Efficiencies: 4.7%t0 5.4%

» Excessof SM but within systematic

uncertainty (next dide)

Event Sealection

N events
W -> enu + jets 5.3 + 1.6 (stat)+2.7 -1.6 (JES)
W-> munu + jets 12.0 £1.9 (stat)+6.0 -3.6 (JES)
W -> taunu + jets 22.2 + 3.5(stat)+11.1 -6.7 (JES)
Z->nunu + jets  60.5 +4.5(stat)+30.2 - 18.1(JES)
SM back. 100.2 + 6.2 (stat)+50.1 -30.1 (JES)
Data 63
M=700, Nd=6 57.3 +2.2 (stat) £ 11.5 (JES)
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» Systematic uncertainties:

» Integrated luminosity: 6.5%

» Inthedataand M C Jet Energy Scales:

» SM backgrounds : +50% -30%
» Signal : +20% -20%

» JESerrorsarefully correlated between
SM backgrounds and signal

» Cross-section and PDF:

» CTEQSL has been used for the signal
cross-section in the analysis

» Other PDF have been used for
systematics which increase by ~10% the
signal cross-section

» Conservatively: no systematics from PDF

» Excessof SM background iswithin
systematicerrors

Events/ 10

Events / 10
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LED : Systematic Uncertainties

Dg Run Il Preliminary
J [ ]-16 JES

| ﬁ ‘H
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DgJ Run Il Preliminary
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|

_l L Ll LI IIJ_| | — .l | L= |
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leading jet pT
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w

» 95% CL level cross-section limits
are derived using the CL s approach
taking correctly into account
correlations between errors:

» JES systematic error isfully
correlated between SM back. and
signal

» Without proper error correlation
treatment, obtained limits would be
Increased

» Reaults still below CDF RUN | result

» Thisanalysiswill greatly benefit
from the new JES we have with
lower errors

LED: Results

31 oooi— — DO prelim.
5 - DO Run |
= 9005— ---------- CDF Run |
o =
4 ] ° ’ Nd
n |DORI | CDFRI| LEP
4 068 | 077 | 091
5| 067 0,76
6 066 | 073 | 065
7 0,68 0,51
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SUSY:
‘Squarks & Gluinos




SUSY:. Squarks & Gluinos

51 4 q
. .
o I
dominant
> SUGRA del ] 00 ;ET+:_’_3jEt|S search florg]uinos and squarks
m moae . o - jC?F PRELLMINARY
. = g=udsch | fldi=gd pi V=18 Tev |
» m0= 25, tan(beta):B, AO =0, mu<\0\450 & ?HEGUGRA ISAJET'}I'JB?+PRDSPIND
A00 o tan _
> ml/2 = [100-140] 5 93 CL
L : K \ \ e‘y ]
> R-parity isconserved : Lightest 2 1 < A -
neutralinoisthe LSP 3 b 200 Gevie”
o 2 COF 84 pb™ |
» Squarksarealways lighter than gluinog ot i gt ]
> Only 1* and 2" squark generations 10 m\ 7
100

l*‘- =
-
/@ -H'Pb 1

""'":-:':LEF'II o 5,

"'\\\K\K\\ \\\‘m&\\\\\\\\\\\\\

0 100 200 300 40 600

mg (GcV!c )

» sg-sgbar production isdominant

» All cascade decay implemented

» Analysisisoptimized to search for
acoplanar dijet event



Trigger “offline” confirmation:

> MHT > 40 GeV
Cleaning procedure:
» Calorimeter data quality
> |z|] vertex <60 cm
> Jet track confirmation (1% or 2"
» 2leadingjetshadronics
Select acoplanar dijet events:
» acoplanarity < 165°
» Pt 1% leading jet > 60 GeV
> In| ¥ leading jet < 0.8
> Pt 2" leading jet > 50 GeV
» EM and muon veto
Topological cuts:
> MET > 60 GeV
» min. AOMET, jet) > 30°
» max. AO(MET, jet) < 165°

Final optimization (next dide)

SUSY': pre-selection

All cuts applled except MET > 60 GeV

Dg Run Il Preliminary
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» Final optimization performed varying

the cutson:
» MET - 'jet
. HT =), [Py

» Expected cross-section limit iscomputed
for all combinations (CL s approach)

» Optimal set of cutsis:

» MET > 175 GeV
» HT >275GeV

%‘600_ D@ Run Il Preliminary
9 500
I— _
I :
400 .
300 e
- TN
2000  BEcA
- F Tl
100[ s
C Data
_I - | | N I | | 1111 | 1111 | 1111 ‘ I | | L1 11 | 1111
% 50 100 150 200 250 300 350 400

Missing ET (GeV)

SUSY': Final Optimization

%‘600_ D@ Run Il Preliminary
9 500 '
- B
I B
400—
300
200
100
C SM bg.
_I L1l | | N I | | | I ‘ | I | | N I | | | N I | | | N | | | N |
% 50 100 150 200 250 300 350 400
Missing ET (GeV)
%600: D@ Run Il Preliminary
9 500 SN '
|_ _
I :
400— | coenoemno om0
3001
2001
100 :
N Signal
B III‘\\I\‘\Illllllllllllllll\‘\\ \‘\III
% 50 100 150 200 250 300 350 400

Missing ET (GeV)
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» QCD background:

» QCD isfitted in thelow MET
region (all cutsexpect MET cuts)

» QCD background isfound to be
negligiblefor MET > 175 GeV

» It isconservatively neglected when
computed thelimits

N events
0.22 £0.16 (stat)+0.17 -0.10 (JES)
0.45 £0.23 (stat)+0.35 -0.19 (JES)
0.65 £ 0.66 (stat)+0.50 -0.28 (JES)
1.35 +0.62 (stat)+1.04 -0.58(JES)

W -> enu + jets
W ->munu + jets
W ->taunu + jets

Z ->nunu + jets

SM back. 2.67 +0.95 (stat)+2.05 -1.15 (JES)
Data 4
» Signal:

» Efficienciesrangesfrom 2.1%
(m1/2=100) to 7.1% (m1/2=140)

SUSY : Reaults

= D3 Run Il Preliminary

g 102 - o Data
= F @ SM bg.
2] i Gy

2 i Signal
2

m 10

[ Nr—— i
300 350 400

50 100 150 200 250
Missing ET (GeV)

» Systematic uncertainties.

» Integrated luminosity: 6.5%

» inthedataand MC Jet Energy Scales:

» SM backgrounds : +77% -43%
» Signal : +20% -15%
» Cross-sections:

» SM backgrounds : 8%
» Signal : 10%

19



w SUSY: Highest MET Candidate

» Highest MET candidate:

> MET =381 GeV

> HT =431 GeV

> 2 High Pt jet:
>jet 1: 289 GeV

>jet 2: 117 GeV
» +2Low Pt jet (11 and 14 GeV)

20



SUSY: Results

“ R
TR
> Cross-sections upper limits (@ 95% CL) have Y 7
been obtained for the set of MSUGRA parameters % :%—_z;_;__ <7
consider ed: = 30024 e
T =k
— — —_ = I=H
» m0 = 25, tan(beta)=3, A0 = 0, mu<0 > Do IEP
> PYTHIA cross-sections with PROSPINO K - 00—
factors | -
> Clsapproach with correlations between 100-
systematic errors properly taken into account
> Msquark > 292 GeV/c? - Mgluino > 333 GeV/c? R E=SSAN
> Th itsdlightly | CDF result l 040 ot
eseresultsdli Improve results , 2
obtained at RU|\g| | yimp gluino mass (GeV/c)
%‘: 10— D@ Run Il Preliminary %‘: 10 D@ Run Il Preliminary
g 8:— """"" Signal cross-section g 8:— --------- Signal cross-section
E B \ Excluded cross-section '§ B ..’v.‘ Excluded cross-section
5 8 b5 6
4] I b L
e I <
G 4L G 4L
2- 2
~260 280 300 320 M0 30 236330 340 250 360 370 380 290 300" 310",

Gluino Mass (GeV/c ') Squark Mass (GeV/c 2)



Scalar Leptoquarks:
vvqq Channel




» Leptoquarks. connect the lepton and quark sectors

» At the Tevatron, leptoquarksare pair-produced

» Scalar leptoquarksare considered with BR(L Q—qv)=100%

Cross Sectian {pb}

[y
L]
1l

-
]
11 ek

g+q7—LQ0 + L0,
g +g—=L0+L0.

» acoplanar dijet topology

x“«xx Scalar Leptoquarks

e DO (1992-93) |
1 I“'--1\‘ -h--_'q"--‘._

IXD (1994-96) ]
"\1_\“‘ ]

7o B0 90 1b0 110 130 130 140
Leptoguark Mass (Gev,/ ¢

L eptoquarks

q g
Iql i
Y, 3
> “ ;:}rm* .
q AN g

"\

-

> D@ RUN | result: 85.2 pb™

» No excess observed

» 95% CL limit on the LQ mass.

> 98 GeV/c?
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w LQ : pre-selection

» ThelLQ analysis pre-selection isvery closed to the SUSY analysis:

» Trigger “offline’” confirmation: > I—Q anaIySiS IS USing summer 2004

JESwith lower errors
> MHT > 40 GeV

> Cleaning procedure: » |solated track veto to remove

.. L .
» Calorimeter data quality remaining W — |v + jets background:

> |z| vertex <60 cm » noisolated trackswith Pt > 5 GeV

> Jet track confirmation (1% or 2") > requireexactly 2 or 3jets

~ 2leading jetshadronics > At theend, a cut is performed on

MET to mininize the expected
> acoplanarity < 165° excluded cross-section: MET>70 GeV

» Pt 1% leading jet > 60 GeV
> In| 1% leading jet < 0.8
> Pt 2" leading jet > 50 GeV

» Select acoplanar dijet events:

DO Run Il preliminary

e Data

[ sM bg.
"% Signal

Events / 5 GeV

» EM and muon veto

» Topological cuts:

> MET > 60 GeV 15
> min. AB(MET, jet) > 30° i

150 200 250
> max. AO(MET, jet) < 165° Missing ET (GeV) 24




LQ : Results

» QCD background: N events
> MET distribution (all cuts expect M il e 29406 (stat) £0.3 JES)
MET cuts) isfitted W -> munu + jets 4.3 +(.7 (stat) £ 0.4 (JES)
» QCD background isfound to be W -> taunu + jets 10,6 + 2.6 (stat) + 1.1 (JES)
small: 3.1+ 2.0 events Z-> nunu + jets 20,6 +2.4 (stat)t 2.1 (JES)
QCD back. 3.1 +2.0
Total back. 41.5+4.2 (stat) £2.9
g 44
s D& Run Il preliminary ata
=
g\a— » Signal efficiencies:
$°F > parametrized asafunction of the
37 ; LQ mass
=y 4
s > 0.6 % (M(LQ) =80GeV)to8.4%
2j (m(LQ) =140 GeV)
o i
b
pfrlov e b b b b b B

&80 90 100 110 120 130 140
Leptoguark mass (GeV/c®)
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w LQ : systematic Uncertainties & Limits

» Systematic uncertainties. » Cross-sections upper limits (@ 95% CL)
> Intearated luminosity: 6.5% have been obtained as a function of the
ntegrated luminosity: 6.5% LQ mass
» Inthedataand MC Jet Ener : .
Scales: 9y » Clsapproach with correlations between
' systematic errors properly taken into
» SM backgrounds : +10% -10% account
» Signal : +13% -10% o (pb) . 4
_ _ -, D& Run Il preliminary (85 pb )
» PDF for signal generation: RN
--------- Signal cross-section
» Signal 5% - ,
. . Excluded cross-section
» Signal cross-section: -

> with PDF CTEQ6.1 m('- Q)/2

» LQ massrange excluded :

* —2m(LQ>/

> [85-109] GeV/c’ for renormalization m(L Q)
scale=2m(LQ) I o
> The masslower limit is 120 GeV/c? B T T NI T TR E T E LT .":-.l .

for renormalization scale = m(LQ) Leptoquark ass (G&V1'

» Thisresult improveson previous CDF RUN I result: no excess

RUN I limits M(LQ) > 117 GeV/c with 191 pb*



w Conclusion

» With 85 pb™ (~RUN | luminosity), no excess of events has been observed in
the Jet+MET topology at D@ RUN 1.

» The3analyses (LED, SUSY, LQ) set new limitswhich extend RUN |
results

» Improvementsare still expected with better control of the Jet Energy Scale
(LED and SUSY analyses)

» Data already on tape and which will berecorded in the next few yearswill
allow to continue those sear chesin unexplored regions

Run Il Integrated Luminosity | 19 April 2002 - 15 August 2004|
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backup slides




w MHT30 3CJT5 Trigger

» Itisadifficult task totrigger efficiently on Jet+MET events because of the

QCD background
| MHT=[Y P} |

» MHT30 3CJT5trigger hasbeen designed for Jet+MET analyses
(HZ->Dbbvv, stop and sbottom, squarks, leptoquar ks, monoj ets)

» Trigger requirement :

| | At L1/1.2:
» L1: atleast 3trigger towerswith 5 GeV - 155 Hz? |Tl| < 3.2
> L2 MHT > 20 GeV - 28Hz
> L3:MHT >30GeV - 19Hz

» Thistrigger isavailable since April 2003

» Thetrigger efficiencies are calculated using set of parameterized functions
tuned on data

» Thetrigger efficienciesareamost 100 % for thefinal selections (LED,
SUSY, LQ)

29



