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Introduction

New Physics Needed

we look for hints of nizw pnysics by studying:

Gravitational Force

Electroweak Force

(Zy production)

(LED)

qq—y+MET =

Clean signal, small QCD background, larger
branching fraction (neutrinos) in case of Zy
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Introduction

Zy—vVvyProduction and Trilinear Anomalous Couplings (AC)

Beyond the Standard Model

ZZy and Zyy couplings can be
parameterized by 8 form factors:

Standard Model , ., —»
Y
v h Low
. 7,y 10
hi = energy
4k A n
2 ol (14+8/A”)"  approx
103§
102 A is the energy scale for new physics,
ol we choose n=3for h, ” and n=4
q . 1 for h, 27, which satisfy unitarity
o 6™ 5050504057 conditions. S is the square of the
- Only contribution P, [GeVic]
parton center of mass energy.
at tree level

- QED corrections
at the 10+ level

preons
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Introduction

Large Extra Dimensions

m_,, the only fundamental scale in nature.
M, ~Gy"*~10" GeV
n large extra spatial dimensions (LED). Planck scale
- large compared to the electroweak scale
- gravity is diluted in extra volume _ A
- SM particles bound to the 3D brane Great jump in energy
HIERARCHY*PROBLEM

Large size of the extra volume R" conceals the true

(rather small) size of the fundamental Planck scale Mg, ~ 10° GeV
Mp (4+n D), the result: a large effective Planck scale Electroweak scale

Mp (4 D).

Hierarchy (fine tuning) problem is solved,

Constraints from astrophysics, cosmology, and
table-top experiments (dark energy length scale!!)
rule out n = 2.

EW distance scale: q

1 TeV '~10"” m
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Introduction

Backgrounds:Electroweak Boson Production

the LED analysis.

vV
q .
B 2 ,, Signal for the Zy and AC analysis.
L+y—->vv+ty Irreducible physics background for
q ~

q The electron is misidentified as a
W—oev >‘”~< photon due to tracking inefficiency
: ) or hard bremsstrahlung.
q 8
The charged lepton from a leptonic
W+y— Lv+ Y I W boson decay is not detected.

q 44

W/Z+ jet I The jet is misidentified as a photon.
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Introduction

Backgrounds:Electroweak Boson Production

174

q |
B 2 ,, Signal for the Zy and AC analysis.
L+y—->vv+ty Irreducible physics background for

the LED analysis.

W —-e| Pluslarge background from cosmic ray
muons and particles from beam halo
depositing energy in the calorimeter.

W+y- 1\

tified as a
inefficiency

m a leptonic

7 //L\."\\ VV_DOUSOIT uccdy Is mordetected.

W/ Z+ jet The jet is misidentified as a photon.
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Introduction

The Apparatus: D@ Detector at the Tevatron

FERMILAB e |
(Chicago) ————

Tracker Solenoid Magnet

. ,_,3___&,_\ N

§l8=106 TcV.

m Preshowers
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Introduction

Data Taken at DO

Run Il Integrated Luminosity | 19 April 2002 - 15 February 2009 |

6.5

6.0

Zy Cross Sectign and AC L /
Analysis|3.6 Tb-
5.0 ’Stlb" i+ MD' h y /f/

L it gy = /

arXiv;0902.2157v1] A/

4.0 r/)/
e LED Updated Analysis 2.7 (fb" / / —
§ [Preliminary result] /_/ /, _
:E 3.0 / _/J
5 2.5 //'

: . Y4
2o LED Published Analysis 1fb" A/
PRL 101, 011601 (2008) ] A
1.5 /—
e r/ a — Delivered
— Recorded
0.5 ——
0.0 T

Apr-02 Aug-02 Dec-02 Apr-03 Aug-03 Dec-03 Apr-04 Aug-04 Dec-04 Apr-05 Aug-05 Dec-0% Apr-06 Aug-06 Dec-06 Apr-07 Aug-0F7 Dec-07 Apr-08 Aug-08 Dec-08
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Photon ID

Photon Identification

=0.0 0.2 0.4 0.6 0.8
Preshower System " ;

Calodimeter <——. -~ #1 °, n=1.1
/\ b) CPS GEOMERY . = - o
60.00 \\\\\. \{ \/%x . .
//\\ WLS Fiber i \\\\\\\k\\\>\/\\\\~\\\&\\\\) i e
S%Z(;BmmRef g0t m:sogﬂ',?]g“mmﬂef 2 Laye-rs ofnn:;ar (0.025 x 2 = 0.050mm) H 2 o
/ | 2.2
o AN .24
> { \ \g\ ® /\ \ ;. 26
Reosmm /| 682:4:{;19: — §.;/ //"4’ \x --3.2
a) CPS-FPS S(.'JINrTn:TILL:\TOR GEOMETRY s 282 0050 s = 4.1
= Photons are identified as narrow
deposits of energy, mainly in the O e e rteiil e
electromagnetic part of calorimeter. e ot

— f

< Are isolated in the calorimeter and in
the tracker.
< Photons do not leave tracks. We
make sure there are no tracks

/ FH+CH

EisoTot = U M
associated with them. Bsocore = 7 NP s
= Matched to a central preshower (CPS) iso— YT/ LY T ———
cluster, which improves position and T

energy determination.
Lake Louise Winter Institute - Feb 19, 2009

Calorimeter Cluster Isolation

Edgar Carrera, FSU



Non-collision/Pointing

Electromagnetic (EM) Cluster Pointing Algorithm

< EM cluster pointing algorithm calculates Prediction of interaction vertex z-position
| the direction of the EM shower. z-y plane
< It is based solely on the central preshower
(CPS) and EM calorimeter clusters. EM4 ;
< Energy-weighted centroid coordinates at EM3 ;
; . =3 72] 1 N O A
each layer in the EM calorimeter are EM1 :

calgu]ated. CPS 'i'

| ; ! .
Non-pointing photon I !
N ¢ S f :
\ o I, o o

1 ; = (0,0,0) Z vitx

H g i !

\f\\\\ \\\\Q\ " Distance of closest approach (DCA)

- \\, NN
SN [y plane -
iy i T EM
AR PNy clusters
TG il e —— \ /
4» Z _— -
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Y Selection/Backgrounds

The Photon Sample and DCA Template Fit

Photon selection: PRL 101, 011601 (2008)

= =
o 22 -1 0.8
©pT >90 GeV N oo DG, 1.051b 0.7¢ —ely
2 MET > 70 GeV, to -E - —* data 0.6¢ non-collision
guarantee no mUItljet g 185_._ — e;'"r'}" gi: - misidentified jets
. backgrouna. w 16: non-collision  oaf |-
2 No jets with pT > 15 GeV 14 7 misidentified iete 028
to avoid large MET due to 125 22y Misidentitied Jets otk |
mismeasurement of jet 105 — 1 b5 e TE 555
energy. - DCA [cm]
2 No muons and no 81
energetic tracks in the 6
event. Vi
< Some differences in the ol
efficiency of selection s, ™ ¢~|' + +— o
requirements between 2 4 6 8 10 12 14 16 18 20 22
analyses. DCA [cm]

We fit the DCA
distribution in the photon
sample to a linear sum of

the three templates
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Y Selection/Backgrounds

The Photon Sample and DCA Template Fit

Photon selection:

2 pT > 90 GeV
2 MET > 70 GeV, to
guarantee no multijet
background.
= No jets with pT > 15 GeV
to avoid large MET due to
mismeasurement of jet
energy.
< No muons and no
energetic tracks in the
event.
< Some differences in the
efficiency of selection
requirements between
analyses.

Evenis/2 ¢cm

Most of signal-like events
concentrated in this region
(e/gamma) events + EM
jets.

Lake Louise Winter Institute - Feb 19, 2009

DO, 1.05 fb'
data

ely

PRL 101, 011601 (2008)

We fit the DCA
distribution in the photon

sample to a linear sum of
the three templates

0.8
0'?§_ —ely
0.6 non-collision
0.5¢ - misidentified jets
0.4f
non-collision 0_3;_ .
misidentified jets ?}f
G 155055
DCA [cm]
‘% + +_ P A R
g 8 10 12 14 16 18 20 22
DCA [cm]

Non-collision events +
some misidentified jets
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Y Selection/Backgrounds

Estimation of Remaining Backgrounds

vV
d Z 2 Estimated from a sample of
Z+y—-ovv+y " Monte Carlo events generated
with PYTHIA.

< Estimated from a sample of

W — | isolated electrons from data and
cv i the measured rate of electron-

g . photon mis-identification

< Estimated from a sample of
W+y-olv+y Monte Carlo events generated
with PYTHIA.
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Results/Summary

Zy—vvy Production Cross Section

3.6 fb' of data, €,;,,~ 25% o Bre= Ncm—kag
Background Number of events - c J‘ L-dt
W — ev 9.67 + 0.30 (stat) + 0.30 (syst) Yy
non-collision 5.33 £ 0.39 (Stat) + 1.91 (SySt) < Perform 108 pseudo_
W/Z + jet 1.37 + 0.26 (stat) + 0.91 (syst) experiments to test the
background only
.90 £ 0.07 +0.12 .
W + vy 0.90 + 0.07 (stat) £ 0.12 (syst) hypothesis.
Total Background 17.3 £ 0.6 (stat) * 2.3(syst) 2 Calculate the probability
Data Candidates 51 of estimated background

: fluctuating to the number
SM Predicted 33.7%+3.4 of observed events

Probability = 3.1 x 107 or
Measured cross section x Br: 516

32 + 9 (stat+sys) £ 2 (lum) fb

Fir rvati
SM NLO cross section x Br: st observation of

39 + 4 fb Ly=vvy
production at the

Tevatron!!!!
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Results/Summary

Limits on Anomalous Couplings

N DO !
> 2.0l » 3.6 b
S, —— Data

wi el Sum of backgrounds

g 1.5 — SM signal MC + backgrounds

° o ATGC signal MC + backgrounds

300
E, [GeV]

-0.005 -0.05

< Generate 2D grid of Zy events with non
zero values of h,~*and h,*".

2 For each pair of h,, , ¥ calculate the

likelihood at each point between data E.
spectrum and simulation + background to
estimate result of the fit.
< Measure 95% C.L. limits by setting other
couplings to zero.
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Results/Summary

Limits on Anomalous Couplings

In a previous DJ publication [PLB 653 (2007)] :

= Zyy D@safb‘
0-005" A=15TeV .

electron + muon channel, A =1.2 TeV, 1 fb"'

Zyy |h,,| < 0.085, |h, | < 0.0054 o

77y Ih, | < 0.083, |h, | < 0.0054 ool a8

This analysis, neutrino channel only:

neutrino channel, A = 1.5 TeV, 3.6 fb-' 0,005
Zyy Ihgol < 0.037, || < 0.0020 o eE ew o% o
Y
77y lh.| <0.036, |h,| < 0.0020 ho 3
o =
Combination: = ZZy D@ 3. 6 fb1 Q
0.005 -, _ o
neutrino + elect. + muon, A = 1.5 TeV A=15TeV..
Zyy Ihi,l < 0.033, |h,,| < 0.0017 BN 4
ZZy lh,,| <0.033, |h,| <0.0017 et I 20
h, % h,% and h,’ improve on the LEP2 . 005#
constraints. They are the most restrictive | l | | |
to date!!! -0.10 | -0.05 | 0.00 | 0.05 | 0.10
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Results/Summary

LED Results and Limits on MD

2.7 fb of data —. , LED Limits
= o -
Background Number of events e 1.85 = expected limit
= 1.65— R — observed limit
Z+y 29.5+2.5 s ab ® CDF 2.0 fb limit
W — ev 85+17 1_2; . . A |EP combined limit
non-collision 6.6 +2.3 0;_ SLITI I T
mis-id jets 3115 0.6- 4
W + Y 222+0.3 2;;: D@, Run Il preliminary 2.7 fb'
Total Background 49.9 * 4.1 T Y B Y |
Data Candidates 51 Number of Extra Dimensions
> oo Observed Observed (expected)
O 20H D@ Run Il preliminary 2.7 b’ (expected) cross MD lower limit (GeV)
@ 18 ~-data section limit (fb)
c ai +
g :gj oo 2 19.0 (14.6) 970 (1037)
L -collisi
12} ol 3 20.1 (14.7) 899 (957)
10 Wty 4 20.1 (14.9) 867 (916)
- —LED n =4, M_ =870 GeV
6F 5 19.9 (15.0) 848 (883)
:;_ + + 6 18.2 (15.2) 831 (850)
T T R 7 15.9 (14.9) 834 (841)
Photon p_ [GeV] 8 17.3 (15.0) 804 (816)
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Results/Summary

Summary and Conclusions

< We tested the strength of the electroweak force and searched for KK gravitons
leaking to large extra dimensions in the hope to find hints of new physics.

< We observed the production of Zy —v vy process for the first time at the
Tevatron (arXiv:0902.2157v1).

< No physics beyond the Standard Model from studying Zy production. We set
limits on the form factors for the trilinear anomalous couplings ZZy and Zyy,
which are the best at hadron colliders. Three out of four improve on constraints
set by LEP2 (arXiv:0902.2157v1).

= No evidence for the presence of LED has been found up to ~ 1 TeV. We set
limits on the fundamental Planck scale.
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Non-collision: Beam Halo and Cosmic Rays

Run 167191 Evt 4284804

Hun 167191 Evt 4284804

- ET scale: 93 GaV
Triggers:

Beam Halo y i 1/

360

phi

Bins: 29 \ o
HUn 170043 EvE 46121522

Run 170043 Evt 46121522

ET scale: 120 GeV

Triggers: .

(b) z — y view
Y

Cosmic

rays

180 '
phi o

Bins: 10

Mean: 13.1 0 1

Rms: 33.6 -4.7 em?arﬂcle et: 124.8

Min: 0.348 MET etz 111.3

Max: 113

(a) n — ¢ lego plot (b) z — y view
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