and leptoquarks at D@

Lidija Zivkovi¢,
Brown University
on behalf of the

collaboration

Meeting of the Division of Particles and Fields of the
American Physical Society, DPF 2011
Brown University, Providence, Rhode Island,
August 9-13, 2011



Outline

 Leptoquarks
« Vector-like quarks

quark

Main Injectc;r.
& Recycler

T Tr——

lepton

8/12/2011 L. Z. Leptoquarks and heavy quarks

TN



Motivation

 Standard model is believed to be low energy effective
theory

— There are evidences of the physics beyond SM
* Many additional models are proposed

« D performed extensive search for new particles and
models over the years
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D@ experiment in Run IT
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Tracking ~2.5
EM/ JetID ~4
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Leptoquarks
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Motivation

 Leptoquark (LQ) is predicted by many extensions of
the Standard Model (GUT, technicolor, etc.)

— LQ can be a mediating boson, allowing interaction
between leptons and quarks

* In the SM, leptons and quarks do not directly interact

— Can be scalar or vector field
* has three generations

— Short-lived and decays to a lepton and a quark
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Introduction

LQ can be produced singly or in pairs

I;ro_duced via quark-antiquark annihilation or gluon-gluon
usion:

g+q->LlQ+LlQ P e
g+g->LQ+LQ S
w<,,,
: :_3 <.

Assume no intergenerational mixing

— search for the first generation

LQ pair decays to 1 of 3 final states: eqeq, eqvg, and vqvq.

— Define branching ratio p = Br(LQ->e+q), then probability of
LQ pair decaying to eqvq is 2p(1-p)

Cross section times branching ratio is maximized for p=0.5

g

)
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Previous results

 Previous published D@ result puts lower limit on a scalar LQ
mass at 264 GeV in ejvj channel, and 284 GeV when combined
with ejej and vjvj (p=0.5)

Scalar leptoquark , Scalar leptoquark -
& [ sweeswss Th. o (u=0.5M ) g 3 E 1
= Th.o (u=m )'® DO 1B’ °T> 0_9:_Dﬂ 1fb
IE ............ Th.o (u=24f ) oy s
5, 5| ——e—— eejj (B = 1) exp. (dashed) and obs. (full) limits - 08 Q
91'3 ——+—— evjj (B = 0.5) exp. (dashed) and obs. (full) limits bl 075 :§
m 0.7
g- u E Qj‘,
e = 06F 8
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oA i
R B B B B OZ‘I...I‘.‘I’T":..'x.IH.I...I...I...
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« ATLAS and CMS released their first searches this year
_ R _ e Mgy g
= 3 !
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E E Ns=7TeV ]
: ::: : 3:: Eg’;’;)) E 03 E . - D@ exclusion (1167 i
DO (1 fb1) R 0.2k .|+ - eelj 95% CL limit (obs., 33.2 pby| ]
...... CMS (33 pb™) ] E evjj 95% CL limit (obs., 36 pb™) |
E [hep-ex/1012.4031] 0.1F s T Combined 85% GL i (20s) 1
A N N S S B e e e
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Data and backgrounds

 Data-5.4 fb! collected with DO between 2002 and

2009

« SM backgrounds:

— modeled with MC:
« W/Z+jets, 11, single top, diboson (WW, WZ and ZZ)

* Normalized to the NLO
— Multijet (MJ) background estimated from data

* Leptoquark signal normalized to NLO

TABLE I: Scalar L) pair production cross sections, calcu-
lated at NLO, for different mrg.

mro (GeV)

200 210 220 230 240 250 260 270

o (fb)

270 190 140 100 76 56 42 31

mrg (GeV)

280 290 300 310 320 340 360

o (fb)

23 17 13 10 74 42 24
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q
g

. Signal reconstruction Ww<’;

g La <
t-’

e Channel LQLQ -> eqvq;
— explored ways to pair jets and e/v coming from the same LQ
« Two possible combinations: [(j1,e),(j2,v)] and [(j1,v),(j2.e)]

1. matching by minimizing differences in p+ from the combination
of (jet,e) and (jet,v)

2. reconstruct LQ from the both combinations, and pick the
combination such that Ap(LQ1,LQ2) is closest to ©

3. matching by minimizing Ag between the decay products of LQs

4. matching by minimizing the differences in m; reconstructed
from (jet,e) and (jet,v), since the LQs are produced with the

same mass
m,, (GeV) 200 240 280
P 046 047 047
Ap(LQ,,LQ,) 061 059 058
Ag(dec. products) 0.48 0.47 0.45
m,=m, 077 075 0.74
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Selection

« Few very simple cuts to achieve higher sensitivity
 Preselection: 1 electron with p+> 15 GeV, MET > 15 GeV,
at least 2 jets with py> 20 GeV,

MJ cleaning cut: MET/50 + m(e, MET)/70>=1

Data Total BG LQ (m=260 GeV)
Preselection 65992 | 65703.4 + 59575 504 + 6.8
mt (e, MET ) > 110 GeV 990 986.3 + 81.6 33.5+4.6

ury

Q
>
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Selection

* Few very simple cuts to achieve higher sensitivity

« Z(myg) = mg; mV'SV-, mvis, yj IS mass of electron and visible
part of neu’rrmo l.e. ve= (MET,, MET,, O, MET)

Data Total BG LQ (m=260 GeV)
Preselection 65992 | 65703.4 + 5957.5 50.4 + 6.8
mt (e, MET ) > 110 GeV 990 986.3 + 81.6 335+46
2(m.q) > 350 GeV 64 545+ 4.1 27.3+3.7
B el D@,5.4fb" —— Data (@ 2 D@,5.4fb" —— Data (b)
- fjﬁ o o ':":f":?:,:::,k
.% . 02_ I ---- LQ M=260 GeV g 10% - LQ M=260 GeV
. ‘°‘ 15 Ll
o IR e s ] ﬂ JJJJJ S ‘TL-H 2

0 100 200 300 400 500 600 L 0 100 200 300 400 500 600 700 800
M’ [GeV] (M _, M ) [GeV]
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Selection

- Few very simple cuts to achieve higher sensitivity
* Sy = Zpy(rec. objects) = p(e)+*MET+p(jet;)+pr(jety)

Data Total BG LQ (m=260 GeV)
Preselection 65992 65703.4 + 59575 50.4 + 6.8
mt (e, MET ) > 110 GeV 990 986.3 + 81.6 33.5+46
2(m.q) > 350 GeV 64 545 + 4.1 27.3+3.7
2pt(rec. objects) > 450 GeV 15 148 +1.1 244+ 3.3
3104;_ D@, 5.4 fb™' Ee:;:ts (@ E D@, 5.4 fb™' —+—‘[’):it:ts (b) E o D@, 5.4 fb™' 533;’315 ()
:‘:. iJ:[r_TLL9 Il Diboson o Il Diboson 810 % — Il Diboson
5 103 L - L:p quark ; L:p quark ; i N L:p quark
.2102;_ . ---- LQ M=260 GeV g - LQ M=260 GeV g 10? § L4 ---- LQM=260 GeV
Ii 10%_ w . | | w 1;_ .»"____I_I‘L":-
10-1: ..... 1\—‘JL-I‘HH ...H 10 ]| -.:.- ........... _—‘ mﬂ o 107 3 [1 : P
0 100 200 300 400 500 600 0 100 200 300 400 500 600 700 800 200 800 1000
M’ [GeV] (M oM ) [GeV] S; [GeV]
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arXiv:1107.1849 [hep-ex]

Result

> D@, 5.4fb" —— Data (d)
S10% ] vfjets
« Stafter final cut used to search 8 | — i
. [ MJ
for' Slgnal NLOE_ 4 oot LQM=260 Gev
w [ L.
o _ o o \ I' s
* No excess in data => limits set 1 I il
— For p=0.5 LQ with mass below 326 GeV | ﬂﬁh
. 4L
is excluded 107 e |y
o 200 400 600 800 1000
— Below B=0.3 we set the best limits S; [GeV]
g 0'075 Scalar LQ oxBR, = 0.5
E 006 :\+ = ----- Scalar LQ 6xBR,
m u:O.SMLo,B =05
Saosf  f o soeidoun
e 00, 541"
C 1\ [ Expected+1SD
0.03 - "-._"“‘ [ Expected+2SD ' ,v
s i ] 95% C.L. observed
oz | L} j = D@, ?,.43:'.1:-“’@_1
0.01} DO, 5.4 fb” D ATLAS 0.04 f”
P N ! ||Dg10fb|1
0 200 250 300 350 400 0 250 300 350 400 450
M, [GeV] M [GeV]
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Motivation

e Many new theories predict vector-like quarks:
— Little Higgs
— Warped extra dimensions

— Universal extra dimensions => lowest KK excitation of
SM fermions comprises a vector-like 4th generation

« Vector-like quarks are:
— Ferminos despite the name

— Their left- and right-handed components transform in
the same way under SU(3)xSU(2) xU(1)
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Introduction

» Vector-like quarks can be produced T \
via sTring or elec’rr'fweak interaction _

.
B 10F

Pair Single F of
production | production of i
5 production
* Insome scenarios (e.g. warped extra *f
dimensions), corrections to SM quark ° 7 el 7T

couplings due to mixing with vector-like
quarks can cancel.

 No constraints from precision EW measurements

» Single weak production is possible at the Tevatron
VEV
V\L Coupling
K =—j «—strength
qQ qQ
m
7\ Q
Heavy quark
mass
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« Search for pair-produced heavy
quarks: heavily constrained by
the kinematic reach of the

Tevatron

- CDF: mg > 338 GeV at 95% C.L. 300
(PRL 104, 091801 (2010))

8/12/2011
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AWN  Vector-like quark signatures

* Vector-like quark can decay to W+q and fo Z+q
+ Weassume k5 =1k, -J2,K Ky, =Ky =0,
i.e. BR(Qp->Wq) = BR(Q->Zq) = 100%
S

* One isolated lepton, pp15 GeV, <+ Two isolated leptons, p>15 GeV
missing E>15 GeV, and at least from a Z boson, 70<M <110 GeV,
two jets, py > 20 GeV and at least two jets p>20 GeV;

«  Main background W+jets ho MET, i.e. < 50 GeV
* Main background Z+jets

« Other backgrounds tt, single top, diboson (WW, WZ, ZZ) and
instrumental multijet background
« Data-5.4 fb! collected with DG between 2002 and 2009

8/12/2011 L. Z. Leptoquarks and heavy quarks 20
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Single lepton channel:

— Lepton p;> 50 GeV
Leading jet py> 100 GeV
Ad(lep, MET) < 2.0

M+x < 150 GeV

MET > 40(50) GeV

Final selection

 Dilepton channel:

— Z->ll pp100 GeV
— Leading jet p1>100 GeV

— AR(l,1)<2.0

“ QXm0 —0 |

« 2 jet in Qg->Wqq signal comes E
from SM quark produced in ,
association with vector quark 74
=> forward, relatively soft

- l[

njaz

\
-—- Qlep x njet2

 Direction of 2" jet is correlated

with

roduction of VQ/anti-VQ

and therefore correlated with The

sign of the lepton in W decay mode
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Result

o Z+q
« m(l+v+lead jet) used to « m(l*+l,+lead jet) used to
search for a signal search for a signal
= F — 5415 = _ 1
8 g o E BftaL 5416 3102 g_ . _ B?L:I-_Z_q5.4 fb
(=3 i V+ets r —
2107 3 | Dit]:uoson ?.. : Mg =500 GeV
8 ¢ I Top a8 T
§ i I:lgu'tije:ﬁ § 10
w10e e = 500 G Wt
|
3 = N : m.
0 200 400 600 800 1000 1200 200 400 600 800 1000 1200
M (GeV) M, (GeV)

* No significant excess
 Limits are set on production cross sections
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o e Phys.Rev.Lett.106:081801,2011
Limit 0

o Z+q

510" - ; — Observed Limit ,i: - _y ™ Observed Limit
- - Dﬂ L=54f5" wuuum Expected Limit = e DO,L=541h wuum Expected Limit
‘g C - Expected Limit =2 5.d. g - Expected Limit =2 5.d.
= - [ Expected Limit =1 s.d. N [ Expected Limit =1 s.d.
1 : | —— LO Prediction, i =1, =0 ——— LO Prediction, &, =2, % ;=0
8_1 o° h ------- LO Prediction, «, =1, %, =0 10° 00N —— LO F’redictiﬂn,EﬂD:\E, %, =0
Lo e &
g | -~ s 0
10°F
E -__ o 102 E_ S
bl N DN I S TP W B o B
300350400450500550500650700 300 350 400 450 500 550 600 650 700
m,, (GeV) m,, (GeV)

* For EUD =1 EUU = \/E’Edq =0

- Mg >693 GeV for Q->Wq, mg > 551 GeV for Q->Zq
¢ For K, =lik;,=+2,K Kyo =0

— mg > 403 GeV for Q->Wq, mg > 430 GeV for Q->Zq
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Summary

Tevatron is running well and reliably and we are thankful to
accelerator people that made it all happen

Two mature experiments, performing very well
— The Tevatron has now delivered more than 11 fb-1.

DJ has been searching for new physics signals over many
years and produced dozens of papers

LHC has started and surpassed many of our results

We present results on the search for the first generation
scalar LQ pair production in evjj final state

— We exclude scalar LQ with mass below 326 GeV for p=0.5
We also searched for the heavy vector-like quark

— We set the most stringent limits to date on the production of
the heavy vector-like quark
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LQ systematics

* Flat:

— Production cross sections: on W/Z+jets (6%), ttbar
(70/0), diboson (10°/o) and Signal (10°/o)

— Multijet production (QCD): 20%

— Luminosity: 6.1%

— Lepton ID and trigger: Combined 4%
 Shape:

— Jet energy scale (JES)

— Jet energy resolution (JER)

— Jet ID and reconstruction efficiency

— PDF (signal only)

— Jet pT missmodeling (W+jets only)

8/12/2011 L. Z. Leptoquarks and heavy quarks
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B (A A YA T

UNTI Systematic Uncertainties VQ
Single Lepton Dilepton
Channel Channel
Integrated lumi 6.1% _
Global MC norm. — 59,
dom: t V+Hets modelin 15%
sources RISEERACEIDG
top x-section 92
/ Ztjets x-section 4%,
diboson x-section 4%
lepton ID 3% _
1% (electron)
Trigger _
4% (muon)
Jet energy scale 1-5%* 39,
Jet energy resolution 1-5%* 29
Jet ID efficiency 1-5%* 39,
Jet vertex confirmation 1-5%* _
high-p muon modeling 3.5%* _
6.5% (electron)
Q(:D de'Elj-]lg 100%
30% (muon)
\e *: shape-dependent systematic uncertainty 23/02/11 /
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