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Introduction

é SUR)c X SU@2)p X Uy LEPTOQUARKS
g Quarks scalar/vector particles that have color,
” Bosons fractional electric charge
S Leptons barion and lepton numbers,
& predicted by the SM extensions.
ﬁ(} SUSY theories
SM fermions Search
LQ interactions Quarks = Leptons | Leptoquarks ?
- invariant under SM u,d e,V LQ1
- separately conserve lepton and baryon numbers s, ¢ TR LQ2
- no cross-generation coupling t,b LV LQ3

In this talk

Most recent DO LQ analyses ( up to 4 fb-1 data)
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Leptoguarks at the Te

L
=

q(_l annihilation

dominant

M(LQ)>100 GeV
/ no dependency from unknown LQ- 1—q coupling
Scalar LQ : well known (NLO) cross-section

Pair Production

o

666@ "~ Vector LQ : larger cross-section, model dependent

gg fus10n
Single LQ Production
{ ( [ 8 )
m'_"" unknown LQ-I—q coupling

U A" V)
5 ¥ [I _‘_‘_’_

Decay Signatures

;
O Oy

--p-- (8) e ) leptons + 2 jets, no missing energy (MET)
y Y - 1lepton + 2 jets + MET

- 2 jets + missing energy
B = branching LQ —» ¢lI*
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Outline,

* Generation independent search

- vvjj, 2.5 b1, Phys. Lett. B 668, 357 (2008)

= 15t generation , scalar and vector pair production:
- eejj, evjj, 1.0fb'l, arXiv:0907.1048

» 2" generation , scalar pair production:
- Wjuj, pjuv, 1.0 fb-1, Phys. Lett. B 671, 224 (2009)

= 3" generation , scalar pair production:
- tbtb, 1.05 fb-l, Phys. Rev. Lett. 101, 241802 (2008)

- vvbb, 4.0 fb-1
http://www-d0.fnal.gov/Run2Physics/WW W/results/prelim/NP/N68
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Generation independent search LQLQ—-vvjj, 2.5 th-1
Backgrounds: Z(vv)+jets, W(lnu)+jets, dibosons, ttbar

L < Jet Signal selections

L
< o Vo mE. |°exactly2jets Ep>35GeV,In1<0.8, MET>75 GeV

A T
& Lo v e angular correlations between jets and MET directions
Jet |« veto on isolated e/u

Opt1m1zat10n° Hy and MET for low/high L.Q masses

>

=> -1
8 10° = . D&t: =251b o 10° Dg, L=2.5 fb™
o b © . * Data
Ny oL _ Elc\)n SB_ackgI;round = 102 L — SM Background
210 'gna PP -- LQ Signal
q:) - ¢ = -
n 10 T L 2 10¢ .
- : I“'_I_Li— L ; T E"l -
1 E E__-_I_ [ ] 1 | 1
10_15_-- | T DU TN LT i = A 10-15_4|1... | | | | | .-
0 50 100 150 200 250 300 350 400 0 100 200 300 400 500 600 700
ET (GeV) H (GeV)

MET and HT distributions before optimization
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Generation independent search LQLQ—-vvjj, 2.5 fh-1

>
MLQ Onom (Pb) (Hr, ﬁT) (GeV) Nobs Npackgrd. Niig.

140 238 — (150, 75) 353 328+ 11738 229+873;
200 0.268 (300, 125) —— 12 10.6 £1.7750 13.7+£0.67, 5
Q) D, L=2.5 fb

L 10°F ) == Phys. Lett. B 668, 357 (2008)

c - — OnLo

o B —o—

= i Observed Result:

8 10 - Expected .

n VE No LQ signal observed

(7)) B

N B

o -

S 1L excluded

: M o < 205(214) GeV
10_1 T B . A 89 |
50 100 150 200 250
LQ Mass (GeV)
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1st generation LQLQ— eejj, 1.0 fb-!

Backgrounds: Z(ee)+jets, top, diboson
<< Jet

& LQ Signal selections
<o 2 e 2 jets E;>25 GeV, I 1< 2.5 ; 2 electrons pr>25 GeV
& LO

<it ° Mee, ST =X ET(jetS) + ZpT(e)
Optimization: St>400 GeV, M¢e >110 GeV

—
o
w

2 10°E 1 *  Data 2 10°E DG 1 fb' . Data (b)

o EDO1fb C1Z o ee @ o E CJzoee

e e r N zow

- - [ - .

N 102 ™ Diboson PRI — %l)boson

EE I Top 27 E B Top

e F s MJ & r W

L - L e Signal MLQ=250 GeV u>J - # T ignal M, = 50 Ge
10& 10

—

—h
o

2
50 100 150 200 250 300 350 10990 200 300 400 500 600
M. (GeV) S. (GeV)

All selections: Ng,¢,=0, Npy, =1.51+/-0.12+/-0.04, LQ accept: 20-23 %
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1st generation LQLQ—evjj, 1.0 fb!

Backgrounds: W(lv )+jets, top, diboson
< Jet ‘]

e
~7o V

Signal selections

mE; | «2 jets E:>40 GeV, Et>25 GeV, In i< 2.5;

<it « MET>80 GeV, pr(e)>80 GeV, M(e,MET)>130 GeV

Optimization: St =X E(jets) + pp(e) + MET

> DO 1fb’ * Data
S L[ @ 1o [ W + jets (b) Sample Number of events
o 10°E B Top
N [JZ + jets Data 8
‘% 10;_ E@?oson Total expected background| 9.8 + 0.8 £ 0.8
& - ----Signal M, ,=250GeV W + jets 50 £ 0.7 £ 0.3
1 Top 3.29 + 0.07+ 0.26
........... Z/v* + jets 0.15 + 0.06 £ 0.01
Ty Diboson 0.48 + 0.05+ 0.04
WERE . | v Multijet 09 + 0.2+ 0.07
10%g 100 200 300 400 500600 LQ aCCEPt-i 18-20%
M. (E,,Jet) GeV
-
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1st generation LQs, 1.0 fb!
arXiv:0907.1048

Scalar leptoquark

F3 0; vector LQ: additional anomalous
‘_.; os LQ-gluon couplings (k¢g, Ag)
T 07 Minimal Coupling: kg =1, Ag =0
= 06 Young-Mills: kg =0, A\¢ =0
03 Minus Minus: k¢ = —1, A¢ = —1
0.4
03 cross sections only at LO
0.21
0.1F¢ Vector leptoquark
OE.I...II..[":,.‘-II.-.I...I...I... §'1§Dg1fb1 c, - o
160 180 200 220 240 260 280 300 320 T 0.9F E 7 E E
M, o(GeV) J oot = 5 5
< 0.8 S 74 8 8
Exclusion (8=0.5): B o7 2 2] %
. = ot 7 7
Scalar: M, <284 GeV i3 | ,
0.4 '
Vector: MC YM MM o3
0.2—
M _GeV 357 415 464 A
Q 050 250 500
M, o(GeV)
Most constraining L(Q1 limits to date
-
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2™ generation LQ,LQ,—pjuj (B=1), 1.0 fb-!

Backgrounds: Z(pp)+jets, W(lv)+jets, dibosons, single top

y /Lﬁ Signal selections
< 13 » 2 jets E>25 GeV, In I< 2.5 ; 2 muons pp>20 GeV
 T0 B [eSp =T Eq(et) + £ Eq(u) > 200 GeV
T et

Optimization: Neural Net (S, M(pp), M(u;, J;)

> _ -1 : To) =
8 103§ (a)Dg,L=11b [ 1Z(m +-jetS o - (b) DG, L=11fb -1
o L] Z(—> ) +jets S - Dat
N [ | W+ijets »n i — ¢ Data
- ar 2 —— Background
8 102 tt = 102
= * Data LI=J = '\\\ LoLQ :
T " LQLQ signal T ke (M, = 200 GeV) :
0L (M, = 280 GeV,B = 1) -
E 10
1E 2 -
| » .
10" —I_I_‘_ll‘ . .,
11 1 | | | | 1 11 I |
0 50 100 150 200 250 300 350 400 450 500
’ kNN output
«
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2™ generation LQ,LQ,—pnvnj(B=0.5), 1.0 fb-!

Backgrounds: Z(uw)+jets, W(lv)+jets, dibosons, single top

>

~ 10, Jet Signal selections
< K mE, |*2jets E>25 GeV, InI<2.5; 1 muon Er>20 GeV

A \Z_Qg v « MET > 30 GeV, Mr(uv) > 50 GeV

jet
Optimization: Neural Net (St,M(uv), M(W, j;) Mt(W,j;)

3 [ (b)DG,L=1fb" T “(a) DB, L=1fb"
Cc . L Z(> ™) +jets Lo
Sk W+ jets N —* Data
; 0 i - — Background
= e | S
Lﬁ 102 = * Laola signal C (MI_Q = 280 GeV)

(M _ =200 GeV,p = 0.5)

105—

A//////////mﬁIIIIZIIIIIIII

_ LFIW%* -
3 \ el \
o_ 100 200 300 400 500 600 700 00 O\X\\\'\\\\\E\z\&\\o\\\:\}x\o“\\\\\ 0§
S, (GeV) ' ' ' kNN output
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2™ generation LQ,LQ, (Jvpj+pjpi) , 1 bl

Phys. Lett. B 671, 224 (2009)
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3™ generation LQ3;LQ;—thtb, 1.05 fb-!
Backgrounds: W/Z+light jets, top, QCD, W/Z+bb(cc) jets
/ <Tﬁt Signal selections : 2 taus: T M (pr(n)>15 GeV);

LQ;

<o :((lﬁ:gl) T3 types, NN id vs track and cal info, E;>15-20 GeV)
~ \LQ3<Ljet o 2jets: Er>20GeV,Inlk2.5; NN b-tagging
« M®¥(W)= 2E*E”(1 —cosA¢), E” = E(E*/p})

>

Optimization: St=py(W)+py(v)+E1(2 leading jets), 1 and 2-btag subsamples

> 70t (b) -data | 6F (c) , ‘" data
S 60 D@ 1.05tb" HMJ S g DJ1.05fb”" WM
S 50) i & :
2 Wwzihf | @ 4
S 49 BWzZ+p | § 3
w Cdb Qo

1F

— Signal
0 50 , 100 150 200 250 30
T m* (GeV) 0O 100 200 300 400 500 6;)0(67'03)
e
M*(W) < 60 GeV T

< —
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3™ generation LQ3;LQ;—thtb, 1.05 fb-!

>
Agreement with SM expectations:

Source Preselect m" < 60 GeV | b-tag = 2 b-tag
Sum Bknd 169.6 £ 7.9 109.2 = 5.7 19.6 = 2.5 48+ 1.0
Data 157 94 15 1
LQ pair signal 9.0 £0.2 7.4 = 0.1 3.4 %£0.1 2.6 0.1

) A --0-= Expected limit
&10__ DQ105 fb Xpectea IImits
P § —e&— (Observed limits
m B — NLO cross section (B=1)
X
o) e O L LI LY NLO cross section (=0.5)
15
R .
S T
- TTTT—,————e— T
1 >
107 3
— o
_|..|...|...|...|.§.|.
120 140 160 180 200 220
m, , [GeV]
Phys. Rev. Lett. 101, 241802 (2008) Exclusion: MLQ3 <210 GeV
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3™ generation LQ3;LQ;—vvbb, 4.0 fb-!
-
Backgrounds: W/Z+jets, ttbar, QCD (neglig. at MET>70 GeV)

~ iﬁt Signal selections : MET> fl() GeV'
¢ \V, mE, e 2,3 jets: Ep>20GeV, (EX* + EX*?)/(Sjets ET) >0.9
~ Z_Q3 v o Adpin(Br,jets) >0.6 rad,Er > —40 x A¢,; (Er,jets) + 80
b b-jet | ¢ Double b-tag (NN using track and vertex information)

Optimization: MET and Hy cuts for the minimum of the expected x-section limit

DO Run Il Preliminary (4 fb™) DO Run Il Preliminary (4 fb™)
% - I T [ T T T B T | T I p I
S 1 02 = — 'I?gttgl background 1 02 = — 'IE')gttgl background
— = — LQ (220 GeV) = — LQ (220 GeV)
= - m Top W Top
2 I - %bls’zh(tﬁ' t I . %bls"zh(tf' t
L : +light jets L : +light jets
E‘ 10 E " Wbb,Wct 10 = Wbb,Wct
T = W-+light jets W-light jets
- Diboson Diboson
B Multijet B Multijet
1& 1E
10™ 107 ¢
i | 1 |_| ] o | i
o 100 200 300 400 o 200 400 600
E, (GeV) H,; (GeV)
-«
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3™ generation LQ3;LQ;—vvbb, 4.0 fb-!

Result: no LQ; signal observed, improved result of the previous search

Mrg (Er, Hr) Data (SM+QCD)+£stat£sys Signal (acpt,%) 95% CL, pb
(GeV) (GeV) obs/exp
200 (130,220) 7 7.1+0.5+1.2 23.2+0.84+3.3 (2.1) 0.097/0.097
280 (150,240) 3 3.240.340.6 3.940.1+0.5 (3.4) 0.043/0.043
= = | | | |
¥ - DO Run II Preliminary (4 fb™!)
N\’ 3 Signal cross section, u = MLQ
m _ ; 2 2 2
X N, s B2, x[ o+ \ 83(c) + 82 (o) ], B=1

.............. B2, x[ G - \I 83(0) + 83,.(0) 1, B=(1 - 0.5"F )

—e— Observed (Expected) limit

107

-~ 252 GeV \

| | l
150 200 250 300
M o, GeV

Exclusion: My g3 <252 GeV
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Summary
I

# Searches for all 3 LQs generations
were conducted with the D0 detector

# No signals observed in up to 4 fb-! data samples —
wide range of possible LQ masses conquered from the theory

# Good understanding of the D0 data and the developed
analysis methods help for searches for new physics
in non-leptoquark channels

-
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The D0 experiment Run II pp @ 1.96 TeV

Forward Mini-drift Central Scintillator

chambers

New Solenoid, Tracking System
Si, SciFi,Preshowers 0

Forward Scintillator

ON TRIGGER
[ DETECTORS

e T T = o "‘“r!?q e =l

+ New Electronics, Trig, DAQ

Runllb - started 2006

tracking and trigger
systems upgrade

Run IIa 2001-2005
extended muon and new
tracking system

T Injector .
& Recycler -~

S ! G—

Recorded Luminosity:
(June'09) : 6 fb-1

-
DPF(09@WSU

-16- S. Uzunyan

-16- Detroit, M1, July 31, 2009



Run Il Integrated Luminosity 19 April 2002 - 31 May 2009
8.0 q I I I I I I I I
w Daily Data Taking Efficiency I 19 April 2002 - 31 May 2009 |
7.5 :
7.0 . [
Wl L 6.81
6.5 Eey
i " .
7o LRy AT
6.0 el
3 - / /
oo 51 ék‘ N /
55 § Lur - — Delivered //
5 iyl
50 . u — — Recorded 7 /,
A‘-'." - : . ° . + Daily Efficiency’
4_5 30% f-, ~ 4 10 Day Average — /
_:..* . . 30 Day Average / /I
40 . ’ /

6.01

3.5

Luminosity (/fb)
\\\\

3.0

25

2.0 Va4

1.5 o
L= |
1.0 .’/
0.5
_...-"""/
0.0

Apr-02  Aug-02 Dec-02 Apr-0F Aug-03 Dec-03 Apr-04  Aug-04 Dec-04 Apr-0% Aug-05% Dec-0% Apr-06 Aug-06 Dec-068 Apr-07 Aug-07 Dec-07 Apr-08 Aug-08 Dec-08 Apr-09
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2" generation single uLQ,—pwj, 0.3 fb-1

q . Backgrounds: Z(up)+jets, W(lp)+jets, QCD ]
Signal selections
B |2 1jet B> 50 GeV, 11 1< 2.4 ; 2 muons py>15 GeV
e My(uup) > 110 GeV, veto against Z
g jet 1 | Bins in E=(M(uu) —110) x ( E1(3)-50 )>500,1000,2500,5000

Selected data could be SM+ [ a) single LQ or b,c¢) smgle+pa1rs (=0.5,1)

— 0.4
— e 1
> 400/ | D@ 294 pb' e f v D3 294 pb
5] ‘ - 0.35 a) B=1,0=1
= C Slgnal M ,=260 GeV . PO A
=350|— A g : X -
3001 N\ _ s
0505 R Data vetoed by © -
‘__}'ZLQ palr anaIyS|s 0.2F
200 B o - T
015~ /el
150 o1F- e g TS
100 0.05 5 .
60 80 ~100 320 140 160 180 200 b L . L
480 200 220 240 260 280

E' [GeV]

Result (A2=1): M; (>226 GeV (B=0.5), M, ,>274 GeV (B=1)
-
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