2¢ Fermilab
What’s New in
New Phenomena at D@?

Todd Adams
Florida State University
for the DO Collaboration

Fermilab Joint Experimental-
Theoretical Physics Seminar

April 23, 2010




Outline

‘/\l\-

® ‘In—troduction
o W' — WZ — 3l+v and Technicolor
e Randall-Sundrum Gravitons

® Sbottom and
3rd Generation Leptoquark

® (Conclusions

April 23, 2010 What’s New in New Phenomena at D@ - T. Adams



Many interesting questions

® Why is the electroweak scale so different than the
Planck scale?

or
® Why is gravity so much weaker than the other forces?

Commonly referred to as the Hierarchy Problem

¢ Many possible solutions to this and other interesting
questions the standard model does not address
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Lots of Ideas

Supersymmetry

little Higgs

Extra dimensions

(large, universal,
warped, etc)

April 23,2010

Grand unified
theories

String theory

e

Technicolor

\.

Need experimental
evidence!!!

D
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Lots of Data
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M2\ Today’s Final States
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Luminosity

w Run Il Integrated Luminosity 19 April 2002 - 18 April 2010

==Delivered

Today’s results —Recorded
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DO Detector
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S

e Basic (simplest) strategy

1.

%
3.
4.

o As we will see,

10°

Resonance Searches

10* 3

10 "

DO Run Il Preliminary, 3.6fb™ —— data
[ Drell-Yan
I Instrumen tal
I Other SM

>

>
Understand object S
identification % 107 |
Optimize selection i 10_}
Plot invariant mass :gz
Look for new “bump” 10*

107

400 600 800 1000

Example ee invariant mass M.(GeV)

» generally more complicated than this

» more advanced strategies can be employed

e Detector resolution important for narrow states

e Sensitivity depends on energy available and branching ratios

April 23, 2010
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W' Introduction

> LT
® Many theories predict additional heavy gauge
bosons

» extra dimensions (Kaluza-Klein W excitations)
» little Higgs

» technicolor

¢ (Could provide evidence of method of electroweak
symmetry breaking

® Many possible decay modes
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W' Searches

/
—— NS

W' — ev

W= 18 CDF (0.2 fb™!) DS (1 b))

D@ (0.9 fb-l) _ CDF Run Il Preliminary g
> % CL Limi
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T
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© P~ 500 W’ Mass (GeV/cd) my, [GeV]
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W' —- WZ
CDF (2.9 b1 evjj) D@ (4.1 fb )

CDF run Il Preliminary 2.9fb™"

Expected Limit
[ + 10 Expected Limit
| —e— Observed Limit
—— SMW" MW > M(v) |
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+V

cxBRW'— tb (pb)

=}
[}
Ggs0 Oqpy (W—>WZ—evqq)

=4
o

o
Y

g s

700 800 900 1000
W’ mass (GeV)

April 23, 2010 What’s New in New Phenomena at D@ - T. Adams 13



W'—> WZ — 3l +v
i/\,S\e—quential standard model (SSM) W boson

» same couplings as standard model

Final states of interest

eee eep epp Hpp
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Event Selection: Z

Lepton selection

Muons pr > 20 GeV Electrons
e shower shape

e muon and central track
e central track matched

* [n[<2
° <ldlorls5<|n/<2.
e jsolated in calorimeter and !‘ll f’r S .|'|| S
tracker e jsolated in calorimeter

80 90 100 110 120 130 140
M. (GeV)

70 80 90 100 110 120 130 140
M, (GeV)

Require two like flavor leptons within 3o of Z mass
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Additional Event Selection

> [T
e Missing transverse energy (MET) > 30 GeV

e Highest pr remaining lepton associated with W
e Require AR(Iw,lz::) > 1.2

Background Estimate

e Diboson o 7+tjets
e WZ and ZZ e invert lepton quality criteria on /y
e estimated from MC e 7/-+nu: fail isolation
e [Instrumental e 7+e: fail shower shape
o Z+tjets and Zy o /y
e estimated from data e measure y — e mis-id with Z— ppy

e apply to Zy MC
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10+0.2 ,
M, (GeV)
0.1:£0.1

—{—- ZAX (X=Y, jet, Z)

W' (500 GeV) | 4.4=+1.1 ) e

00 120 140
MT, (GeV)
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Events / 20 GeV

Final Event Sample

D@, 4.1 fb-l —e— Data

"/ / /| WZ Monte Carlo
/) Z+X (X=Y, jet, Z)

W’ 400 GeV SSM signal
—— W’ 500 GeV SSM signal

500 600 700
WZ transverse mass (GeV)
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Expected 95% C.L. limit
Observed 95% C.L. limit
c x B(W— WZ), SSM

*1 s.d. expected limit

o
N
N
=
T
2
a2
aa
<
©

200 300 400 500 600 700 800 900 1000
My, (GeV)

o Exclude SSM W' masses 188 < M(W') <520 GeV (95% C.L.)
Phys. Rev. Lett. 104, 061801 (2010)
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W' Coupling Limits

- Excluded 95% C.L. region

B Expected 95% C.L. limit
SSM value

W’WZ coupling strength / SSM

300 400 500 600 700 800 900 1000
W’ mass (GeV)
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Technicolor

e New strong gauge interactions

» dynamic breaking of
electroweak symmetry

» technifermions
® [.ow scale technicolor (LSTC)

» preferred decays

Re-interpret

- pr/a*T—>W*nT W —->WZ —-3l+v
® M(pr) > M(rr) + M(W)
- pir/atr—WHZ # of Events

o M(pr) < M(mr) + M(W) 10.2 £ 1.6
o |5
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Technicolor Limits

7] Expected 95% C.L. limit We exclude

i

...... P T Ty tll:rcs}l:olld 208 < M(pT) <400 GeV
—— p,—>Wn, thres old at 95% C.L.

M(n,) (GeV)

[\
N
-

DQ, 388 pb™’
MV =500 GeV

Complements previous search in ,
A Excluded Region (NN)
etjets final state (0.4 fb1) i i G heda

» PRL 98, 221801 (2007) M(p,) (GeV)
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Randall Sundrum Model

.—"\I\_

¢ 5 dimensional warped geometry
» two branes
» r.= compactification radius

» Kk = curvature scale

M = exp(-krerr ) Mo

» any mass parameter M on the
weakbrane yields a physical mass
My in the higher dimensional
theory

» kr.=11-12 yields SM observed
electroweak/gravity scale

April 23, 2010 What’s New in New Phenomena at D@ - T. Adams
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e Simplest model: only graviton
propagates in extra dimensions

» Kaluza-Klein towers
» mass gaps of ~TeV

» depends on
= lightest tower m;

- dimensionless coupling k/Mp,
- 0.01<k/Mp<0.1

» spin-2
» BR(yYy)/BR(ee) =2

April 23, 2010 What’s New in New Phenomena at D@ - T. Adams
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— W=

e Many previous searches

D@
ee, up, vy | 0.3 fb! |Phys. Rev. Lett. 95, 091801 (2005)
ee, Yy 1 fb! |Phys. Rev. Lett. 100, 091802 (2008)
ee,yy | 5.4 fb! |submitted to Phys. Rev. Lett
CDF
ee, up | 0.2 fb'! [Phys. Rev. Lett. 95, 252001(2005)
1Y 1.2 fb! |Phys. Rev. Lett. 99, 171801 (2007)
ee 1.3 fb-! |Phys. Rev. Lett. 99, 171802 (2007)
ce 2.5 fb! |Phys. Rev. Lett. 102, 031801 (2009)
1u 2.3 fb! |Phys. Rev. Lett. 102, 091805(2009)

What’s New in New Phenomena at D@ - T. Adams
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0.0 s
200 300 400 500 600 700 800 900
Graviton mass M, (GeV)

0.01 T e
200 300 400 500 600 700 800
Graviton Mass (GeV)
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New Di-EM Technique

® Previous analysis: combine yy and ee

e New analysis

Category |

“di-photon like”

Category |

“di-electron like”

important statistics

lower background
more signal
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di-EM Sample
pT>25 GeV

In|<1.1
EMfrac > 0.97

Calorimeter isolation

Category I Category II

“di-electron like” “di-photon like”

both matched to tracker zero or one matched to
activity tracker activity

track isolation < 2.5 GeV track isolation < 2.0 GeV
electron shower shape photon shower shape
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Background Estimate

o Physics backgrounds
» Z/Drell-Yan
4 1P

¢ [nstrumental backgrounds
» fake photon(s)/electron(s)

e Fit shapes to invariant mass (<200 GeV) to determine
normalization

<«— Use Monte Carlo

Use data (inverted EM selection)

—e— Data

3 Dvee

[ 1QCDyy

] Instru Bkgd
B Other SM Bkgd

DO, 5.4 fb™

—
Q
w

—— Data

3 DvYee

[ 1QCDyy

] Instru Bkgd
B Other SM Bkgd

DO, 5.4 fb’

-
o
N

Events / 2GeV
Events / 2GeV

—_
o

W
1|

180 200

180 200
M, , GeV

NIYY , GeV
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Saturation Effects

V4
= Ve —

e Probing high energies - investigate effects of possible
calorimeter readout saturation

e Add saturation to simulation

— w/0 corr

_Events / 4GegV

— W Corr

DO MC

"800 900 1000 1100 1200
Mee,GeV

e Effect could be seen at highest masses
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————— Data

[ Instrumental background e Data consistent with

Total background

------------ Signal: M =300,450,600 GeV, kiVi,=0.02 background prediCtiﬂn

in both categories
D@, 5.4 fb”

| 4
400 800 1000 0 Data

M. (GeV) (51 \ [ Instrumental background
=4 Total background
------------ Signal: M =300,450,600 GeV, k/M;=0.02

e (Combine categories for
final limits

DQ, 5.4 b

Number of events / 4

800

M,, (GeV)
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Cross Section Limits

—=— 95% CL upper limit

-, ---o--- expected limit
" I expected limit + 1o
expected limit = 2o

D@, 5.4 fb™

200 300 400 500 600 700 800 900 1000 1100
Graviton Mass M, (GeV)

Exclude M;<560 GeV (k/M,=0.01) and M;<1050 GeV (k/My=0.1)
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1 | o o o 1 s o o s o s R | e
excluded at 95% CL

expected limit
~ | DO PRL 100, 091802 (2008)

07300 400 500 600 700 800
Graviton Mass M, (GeV)

¢ submitted to Phys. Rev. Lett.

DQ, 5.4 fb™

900 1000 1100
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S Prelimin: A * M,=750GeV,k=0.03 | _:
rreliminary = M, =750 GeV,k =0.04

I EXO 09-009 A M,=750 GeV,k = 0.06 = CMS Preliminary
- v M,=1000 GeV,k =0.03| -00- _

- scaled toX sz7 abedevetnit] | EX0-09-009, scaled to\'s=7 TeV
: ] 95% CL Limit

-+ 100/pb

-=-200/pb

— A,<10TeV

-- Electroweak Limits

o8]

A M,=1250 GeV,k=0.07 |

*2)

e
Q
O
c
®
O
=
c
2
7
'®©
c
2
0p)

i | | | | | | | | | | | | | | | | | | |
200 400 600 800 100 °7oo 800 900 1000 1100 1200 1300 1400 1500
Integrated Luminosity (pb™) Graviton Mass (GeV/c?)

Note: acceptance not recalculated

April 23, 2010 What’s New in New Phenomena at D@ - T. Adams




Coupling k/M,,

CMS Preliminary

EX0-09-009, scaled to\/s=7 TeV
95% CL Limit

o
'S
a1

o
’'S

N ----- expected limit
DO PRL 100, 091802 (2008)

-+ 100/pb

-=-200/pb
~A,<10TeV

-- Electroweak Limits

o
© w
w o

DO, 5.4 fb™

07300 400 500 600 700 800 900 1000 1100
Graviton Mass M, (GeV)

0700 800 900 1000 1100 1200 1300 1400 1500

Graviton Mass (GeV/c?)

e With 100/pb, LHC could explore new territory at high mass,
but small couplings will take much longer
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e Search for events with heavy quarks jets plus missing
transverse energy

ZH — vvbb

PRL 104, 071801 (2010)
(see M. Eads W&C,
Nov. 13, 2009) -~

sbottom pair production leptoquark pair production
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Leptoquarks

e Hypothetical particles that carry

» lepton number ELEMENT ARY

» baryon number

» fractional charge PARTI CLE S

e Appear naturally in grand unified

theories | U
» 3 generations = 3 types of @
leptoquarks i
® Decays » ((@)]
» LQ3 — tt (BR=1-B) ot
(1)
» LQ3 — bv (BR =B) u @)
i ’ :: e b ﬂfng

_ 4 ‘I.Q__; v

Missing I II III

Energy Three Generations of Matter

6006y,
g \\ LQ; v

< Jet
b
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e Additional symmetry between bosons and fermions

¢ Broken symmetry

» superpartners must be heavy

® Sbottom can be “light”

» mass splittings can favor sbottom
being one of the lighter squarks

» higher cross section
o E —> ilob
> m(b) + m(71°) < m(b) < m(t) + m(z*)

» mass relations determine
Kkinematics

April 23, 2010 What’s New in New Phenomena at D@ - T. Adams

Supersymmetry
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Q
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©
S
=]
=
[1)
=

% Supersymmetric
"shadow " particles -

1

100 150 ;60
Sbottom Mass (GeV
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Preselection

S

® Primary vertex

=
» |z| <40 cm N
* >2 Jets ‘§
L
» Er>20 GeV
> [ <2.5 : 3
» A (jet],jet2) < 165° ” E. Stgnificance

e MET > 40 GeV
e MET “significance” discriminant> 5
e MET/GEYV > 80 - 40XA @ min(MET, jets)

e veto events with leptons or bad jets
e AP (MET(cal), MET(track)) < n/2

Real MET MET due to jet
misreconstruction
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Backgrounds

® Multijet backgrounds Signal  Multijet

x10°
50-pre-tag D@, 5.2 fb™

-+ Data
Top
V+h.f./VV
Valf.
Multijet
[JVHx500

» shape
- A @ (MET(cal), MET (track)) > rt/2

Events / 0.20

» normalization
= MC + multijet = data at preselection

Diboson 2060 =12
W (+ light jets) 49251 + 104 3 DO, L=5.2 fb™ Preliminary __,,,
Wee, Whb 7792 + 35 z :%?;3355233?
Z (+ light jets) 17663 + 106 :‘;:: e
Zcc, Zbb 4526 + 29 e L Marit
Top 2019 £5
Multijet 30243 + 316
Total Bkgd 113553
Data 113553
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b-Jet Tagging

V4
= Ve —

e Multivariate method using
» impact parameter
» jet lifetime
» secondary vertices

Displaced Track

Secondary Vertex

Decay Length

Primary Vertex

“b-jet identification in the D@ Experiment”
to be published in NIM A [arXiv:1002.4224]

Require two b-tagged jets for analysis
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—+—Data

e Additional selection to reduce ST
multijet background

y

—— Data
— Total background

o —0.1<A<0.2
» A =(MET - MHT)/(MET + MHT)
e A®PMET, jets) > 0.6 rad

— LQ (240 GeV)
[ Top
Z+jets
Wijets
Diboson
| I Multijet

Events / 0.05xx rad

4 5
Ap . (Erjets) (rad)

DO, L=5.2 fb™ Preliminary (b)

—— Data
— Total background T,
— LQ (240 GeV) DO, L=5.2 b Preliminary Data (@)
[ Top
Z+jets
Wijets
Diboson
I Multijet

— Total background
— LQ (240 GeV)
[ Top

Z+jets

WHjets

Events /10 GeV

Diboson
I Multijet
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Optimized Selection

/
— o\ —

e FKurther optimize selection for each mass point in
(mp,mjo) space

* Xjj=(Er! + ET?)/(ZjersET)

e MET
Two Sample Mass Points
LQ
or (mp,my) = (100,60)
—— Data DO, L=5.2 fb™ (mﬂi)a 7() % (24090)
:Ega?zxif;‘;und Preliminary
-;:?._ets X;j>0.9 X;j > 0.75
Dibean Eri¢t! > 50 GeV Eriet! > 20 GeV
e MET > 150 GeV MET > 40 GeV
Ht > 220 GeV Ht > 60 GeV
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the analysis

Additional Example Exa.m ple
Pre-tag b-tag Selection Low High
MET MET
fotal 113533 | 157922 | 124218 | 97117 | 6.9+0.8
Background
Data 1§ RERR 1463 1131 901 7
Signal LQ3
P )“:" 40,0 1446+ 15| 43.3£08 | 42.0+0.8 10.5 + 0.4
i ¢ 9
GeV
Signal
(mp,my) = 5478 £ 135 | 1316 £ 61 1253 £60 | 1109 £ 55
(100,60) GeV

April 23, 2010
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Neutralino Mass (GeV)

—h
N
o

-l
Q
o

Sbottom Limits

DO, L=5.2 fb"' Preliminary _

—Observed
--Expected

CDF
\ Runtia |

-1
cop )295Pb|

Run| | |
88 pb"| |
I I

I |

|

100 150 200 250
Bottom Squark Mass (GeV)
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Scalar Leptoquark Limits

1 | | |
- D0, L=5.2 fb"' Preliminary (a)

_____ Signal cross section, u = 1MLQ D Q Ll ml ts
— — B}, x 0, B=(1 - 0.5*F_)

B2, x [0\ 8%0) + 8 (0)],B=1 LQ1 (B=0.5)
MLo1 > 284 GeV

—— Observed
---- Expected

LQ2 (B=0.5)
MLrgz2 > 270 GeV

LQ3 (B=1)
<247 GeV \\ MLqs > 247 GeV
NN (preliminary)

| | N
200 250 300
M o, GeV
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Conclusions

e DO continues to probe the large, high quality Run II dataset
in search of new physics

e Today, we’ve seen several results with >4 fb-! data
» WZ — 31+v 4.1 fb!
= technicolor
» ee,yy 5.41b1
» b-jets + MET 5.2 fb-!
= sbottom

— AW

submitted to PRL
- Randall-Sundrum gravitons [arXiv:1004.1826
= 3rd generation leptoquarks

e Other DO new phenomena results with >4 fb-!
» dark photons (4.1 fb-!), RPV tau sneutrino (4.2 fb-!, preliminary)

April 23, 2010 What’s New in New Phenomena at D@ - T. Adams
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- Excluded 95% C.L. region

I Expected 95% C.L. limit
SSM value

W’WZ coupling strength / SSM

600 700

DO, L=5.2 fb"! . Prelimipary
LQ3 (B=1)
MLq3 > 247 GeV
(preliminary)

April 23, 2010

Exclude SSM W' masses
188 < M(W') <520 GeV

800 900 1000
W’ mass (GeV)

Summary

W’
technicolor
RS gravitons
leptoquarks

sbottom

DO, 5.4 fb™

07300 400 500 600 700 800 900 1000 1100
Graviton Mass M, (GeV)

Expected 95%
T threshold
threshold

Exclude

208 < M(pr) <400 GeV

Neutralino Mass (GeV)

What’s New in New Phenomena at D@ - T. Adams

350 400
M(p,) (GeV)

DO, L=5.2 fb"' Preliminary (b)

—Observed

--Expected . ROl

100 150 200 250
Bottom Squark Mass (GeV)
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W' Cross Section Limits

CDF run Il Preliminary 2.9fb™

-
o

Expected 95% C.L. limit

—— Observed 95% C.L. limit

— — o0xB(W— WZ), SSM

m *1 s.d. expected limit

6 x BR(W— WZ) (pb)

G5y, (WWZ—evqq)(pb)

o, (NLO, PRD 66 075011 2002)
—e— O, Data Limit

Gy, EXpected Limit
[ ] Ogs9, Expected Limit +1c

200 300 400 500 600 700 800 900 1000 I o.s., Expected Limit +26

-t
S
N

My- (GeV) 200 300 400 500 600 700 800 900 1000
W’ mass (GeV)

e DO0: Exclude SSM W' masses 188 < M(W') <520 GeV (95% C.L.)
e CDF: Exclude W'— WZ — evjj (2.9 tb-1 preliminary) 284 < M(W') <515 GeV
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Events / 20 GeV

el |

l_l_

=

D@, 5.2 fb™

-+ Data
Top

WV+h.f./VV

+—9—|—=

50 100 150 200 250 300

DiJet Mass (G

Events / 10 GeV

DQ, 5.2 fb™

-+-Data
Top
WV+h.f./VV

Vil f,
Multijet

[JVHx500
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Events / 0.10

D@, 5.2 fb™

-+ Data

J
CJVHx500

I, o | oo 1 Ly

3 5
Number of Jets

4
E; Significance




