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Introduction

We are way too tamiliar with the effects of gravity...

...but we don't yet understand it completely.
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Introduction

Gravity and the Standard Model

< Einstein's General Relativity
good up to solar system scale.

< Great efforts have been made to try to
come up with a quantum description of

gravity.
= Gravity is very weak, negligible in SM
GF 1033 G_ : Fermi const.
G, : Newton const.
N

2 At larger scales the situation is < Extrapolation defines the Planck
not as cleatr. energy scale:

- Modified dynamics? ~1/2 19
- Dark Matter? - My~ Gy "~107GeV

Great jump in energy

v

m_,,~10°GeV

Electroweak scale
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Introduction

Hierarchy Problem, Naturalness, and Fine Tuning

< Naturalness: belief that a small parameter in Nature can not be an accident. |t
must be associated with a symmetry.

< Additional contribution to the squared
Higgs-boson mass:

v ) ~ —-1/2
K :constant parameter
/A :energy size of the quantum fluctuations

2 Amount of fine tuning required for the SM to
work at the Planck scale:

(melMpl)ZN 107"

= Analogy: balancing a pencil (R long), on its tip of
length r, where:

R ~ size of the solar system r ~1mm

< Supersymmetry and technicolor solve the problem.
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Introduction

ADD (Arkani—Hamded, Dimopoulos, Dvali) Large Extra Dimensions

> m_,, the only fundamental scale in nature. 0
- experimentally tested as opposed to M, -g A
; a,;
2 n large extra spatial dimensions (LED). g |
- large compared to the electroweak scale 0
- gravity is diluted in large compactified g
volume. -

- SM particles bound to the 3D brane
- localization is non trivial ) '
- compactification in a torus 1 TeV =10 ~ m

EW distance scale:

< The greatness of the size of the extra volume R
conceals the smallness of the fundamental Planck
scale Mp (4+n D), the result: the effective Planck
scale Mp (4 D).

AtM =1TeV:
S ; n=1»R ~ 10" cm (solar system)
n=2»R ~ 1mm
< Constraints from astrophysics, cosmology, and n=3»R ~ 1nm
table-top experiments (dark energy length scale!l) n=7»R ~ 1fm (proton)

rule out n = 2.
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Introduction

Direct Graviton Production

= Kaluza Klein (KK) gravitons: towers of
KK modes.

< Single graviton production suppressed by
1/M?, . Large phase space compensates

this suppression.

EW—
S We search for LED studying the °
exclusive photon (y) + missing
transverse energy (MET) channel. 107}
- Tn=2 .
S We generate the signal using PyTHia, for n=3
n=2ton=_8,atM,=1.5TeV. 0 n =g \x\_
[ n= N
[ -6 N
i _2 =8 \\‘*\

600 700 800 900 1000 1100 1200 1300
M, [GeV]
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Introduction

Same Signature Backgrounds

< Electroweak boson production:

Tty —vyi+ Irreducible physics background; an excess in events could
yovvry also indicate the presence of anomalous ZZy or Zyy

couplings.
W The electron is misidentified as a photon due to
mdl VA % . .
tracking inefficiency or hard bremsstrahlung.
W+y— v+ y The charged lepton from a leptonic W boson decay is
not detected.
W/ Z+ jet The jet is misidentified as a photon.

< Non-collision background:

Muons from the beam halo or cosmic rays undergo
bremsstrahlung, producing an energetic photon.
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Introduction

The Apparatus: DO Detector at the Tevatron

19 April 2002 - 30 October 2008
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Introduction

The Apparatus: DO Detector at the Tevatron

7 week ending
PRL 101, 011601 (2008) PHYAlEal REVIRW  LhTTERS 4 JULY 2008

Search for Large Extra Dimensions via Single Photon plus Missing Energy Final States
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Introduction

The DO Detector

Calorimeters

antiprotons
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Photon ID
Photon Identification
\\\ .

END CALORIMETER

Outer Hadronic
(Coarse)

Middle Hadronic
(Fine & Coarse)

CENTRAL
CALORIMETER

Electromagnetic

m Inner Hadronic Fine Hadronic
L (Fine & Coarse) Coarse Hadronic
.
m Electromagnetlc
=
& D Cells with liquid Ar as
@) . nq . Forward Preshower
3:' active medium. Uranium
O  (EM+fine HD) and Cu/Steel Central Preshower
(CC/EC coarse HD) as
absorber Module Type EM Fine Had. Coarse Had.
' . Central
< Central Calorimeter (CC) — 1 10 o
|T]| < 1.1. Absorber Material Uranium Uranium (1.7% Nb) Copper
- . Readout Lavers 4 3 1
Endcap Calorimeters (EC) Segmentation (An x A¢) | 0.1x0.1 {Layer 1, 2, 4) 0.13(0.1 0.1x0.1
1.3<nl<4 0.05%0.05 (Layer 3)
Radiation Lengths 2,2, 7,10 X4 (0.76 Ag) 1.3, 1.0,0.9 A, 10 2. 48
Total Xp 21 06 33
Total A, (.76 2 3.2
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Photon ID

Photon Identification

< Towers: cells close in (n,0) space,

n-0 center Citl'clelnf r.adius r that pPass quallty filters.

of a tower i [ e | ] il s \ 4
& o | b w o :|:\ ; 2 Problematic cells are removed
E D ERERES (hardware failures, electronic or
S Center g o T Tl el ol IR B uranium noise, liquid Ar
O ofthe ) R AEAE R AR AR contamination, non-collision events).
S circle 7 ol oo o] \l e | o]
Ll : " . .
e d Aﬂ' [ [ AR = Simple Cone Algorithm forms
= n i JEEES"SEY £ clusters with towers around seed
= towers (500 MeV) within AR < 0.4
% 0.1

0.1

= e > Only clusters with
o

EM/(EM+HD) > 0.9
and pT > 1.5 GeV accepted.
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CLUSTER ISOLATION

Photon ID

Photon Identification

< Photon showers are narrow compared to hadronic ones.

0.4 Circle _

Center of Gravity

_____|ofthednitial Cluster C
0.2 Circle - f Y, - e -,
f | ff.’; 0.8 .
/' '/ FH+CH L
Yy, e F = CC
v | “oal —<QCDData |
. =1 / i B
L L —
EisoTot = U / - | Saanans o
( ) §
EisoCore = | | T — B _ .
-~ ‘_'-\',."Ilr CPS | I N | | | N | ‘ =111 ‘ L1 1 1 ‘ et M | | S |
. . $ 7 o Instar1|toauneous Ltlsnginosiiy %fngso} 20 *
1SO = \ //C" \\_[:'_'__’____,. the interaction point
I =X—fxﬁl—¥!rx)!—‘x)x¥—r—x_r = 1 &
tot core ) | | ‘ |
. (Eg,—E; - ; cC
1SO = - :
E core 0.6~ "l ——Z->ee, MC
0.2 i —— 7->ee, Data
0.4 | ch fake, Data
° N —4}—4++—+—+—-|H H—f— Mﬂﬁ%ﬁL _L
1Iso0 < 0.07 02
07 1 1 | 1 1 il 1 | L 1 L L | L 1 L 1 ‘ 1 1 1 1 | 1 1 1 1 ‘ L
0 50 100 150 200 250 300
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Photon ID

Photon Identification

sigphi | | |
S SHOWER WIDTH: T T o
0.8 : e - ,__ ‘F_k* i

- EM showers narrower than jets. RS -

- Calculate shower width In the P . i
T azimuthal direction(transverse oaf i S
O  development). B o == Lol o
E - We use the shower width calculated e :ﬁ*ﬁ
Il'l_J at the .3rd EM layer' . Ooluéhb"l_"*i'“;‘%ﬁ'a' '5;10;“' 2 14 16 18 20
® - Individual cell energy and azimuthal ”
. angle position are used together with 2 Fine segmentation of the

the total cluster energy and the
energy-weighted azimuthal position of
the cluster.

calorimeter provides additional
information that can be used to
discriminate backgrounds:
- Energy fractions at each layer
- Cluster widths in the
longitudinal direction.
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Photon ID

Photon Identification

O SMT: doped silicon detectors, with = CFT: scintillating
barrel and disk configuration fibers arranged in 32
E"' ,_ | concentric layers
¥ B n kR Ate with axial and stereo
= & T & ’ f L / % | !f !
',\:f/'- *@ffgii }\/\ s )51 ; /_/F angles.
N LT W e o

o
O oo W
< = IsoHC4| | |
= TRACK ISOLATION: e e e
& - Fake photon removal. 0sE
("5 - Scalar sum of the transverse momenta of MI o
. B e
Z  all tracks in an annulus of 0.05 < AR <0.4 : J
i o EE —&— Z-=ee, Data
£ around the cluster less than 2 GeV. YT L o qu fako, Data
I_L 02;}_&__{,,_%}* —&— gamma-+jet, MC
=, ;
07'1|”IZHIl3llll4”H5H”6”HTlI
IsoHC4

< ANTI-TRACK MATCH
- non-converted photons do not have charged tracks.
- no significant density of “hits on the road” in the SMT
or CFT systems consistent with a track.
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Photon ID

Photon Identification
/\ b) CPS GEOMETRY
< Located between solenoid ‘
i d £ \/. / \ 6.884
magnet and the calorimeter, \{{/\\\ o

| < 1.31 ﬁ/ \ sz \\%&<

2 There is a lead radiator between / ' o FPSGEOMETRY
the CPS and the solenoid i
(0.9 Xo) of approximately 1 Xo. . *J .

a) CPS - FPS SCINTILLATOR GEOMETRY

2 Layers of Mylar (0.025 x 2 = 0.050mm)

< Fast measurement of position
and energy.

= Three cylindrical layers of
triangular extruded strips of
scintillating plastic (WLS fibers
embedded collect ionization

CENTRAL PRESHOWER

L L L
4.5 m -

energy in form of light) 2 Each layer has 1280 strips
| | < Axial layer: strips parallel to beam pipe
< WLS fiber splitatz =0 2 Stereo layers: u and v stereo angles of

23.774° and 24.016° with respect to x layer
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Photon ID

Photon Identification

: . tal hph_mass3 all |
o Single layer clusters (SLC's) [Threebody mass | Z—e e y B 13
. . F Mean 109.
formed from contiguous strips. a5 RMS 2463
sof- * Bes 163
. . ; —&— all photans Mean 110
< Axial layer SLC's matched to u-v B * CPS tHM; 2428
layer combinations to form 3D ] S ——— > matc
clusters 5E efficiency:
5 77% to 88%
|—
<t . From +
= 2 Energy and position of 3D
o - data!
T clusters determined. J Mhbus,,
- .I...I*......I...I...I....HIM.
7 20 40 60 80 100 120 140 160 18?:Ge\2l?0
3 =) |mpor’[ant combinatorial [ CPS efficiency vs Photon rapidity |
o background (ghosts) taken care ,
(a
o
< Merging of clustersatz=0 is 0.6

hph_eta_cpsEff
Entries 90
Mean 0.03086
RMIS 0.7206

22 ! ndf 0'3
po 0.7039 1 0.0523

done if necessary.

0.4

pl 0.05078 _ 0.05728
p2 0.2432 + 0.0834

of by deghosting algorithm. i f
O.BE— _:/

= Final EM clusters matched to CPS  ,
cluster in window of 0.1 x 0.1 in (1,0) o
space. v 0° ’ " phowny
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Non-collision/Pointing

Non-collision background: event display of a cosmic ray event

Run 210845 Evt 76850383

< Cosmic rays or halo particles can deposit
energy in the calorimeter.
< This signature makes a perfect fake LED

signal. Sk
2 Not too many handles to reject these events, BiKie/
just the photon as an actual physical object. r ﬂ
= Rejection of cosmic muons by timing signal in yt

the muon scintillators and/or presence of

characteristic pattern consistent with a cosmic
m uo n . ET scale: 215 GeV

| Muon stub veto on cosmic ray muons | hph_cosine

Entries 300
Mean -0.3042
RMS 0.5974

y4

120

Events/0.022

@
o
III|II|III|\II|III|III|I\I

o |—|-|-|_L|—n—ﬂ— 1 1 e b [ 1 e e N0n |r|—|,—r|—IJI|
- - 0.5

Cos(6)
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Non-collision/Pointing

Non-collision background: event display of a cosmic ray event

Run 210845 Evt 76850383

< Cosmic rays or halo particles can deposit
energy in the calorimeter.

< This signature makes a perfect fake LED
signal.

= Not too many handles to reject these events,
just the photon as an actual physical object.

= Rejection of cosmic muons by timing signal in yt
the muon scintillators and/or presence of
characteristic pattern consistent with a cosmic
muon.

| Muon stub veto on cosmic ray muons | hph_cosine

Entries 300
Mean -0.3042
RMS 0.5974

y4

120

Events/0.022

@
o
III|II|III|\II|III|III|I\I

o |—|-|-|_L|—n—ﬂ— 1 1 e b [ 1 e e N0n |r|—|,—r|—IJI|
- - 0.5

Cos(6)
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Non-collision/Pointing

Non-collision background

Non-collision events

Different components to the o distr*Lution, pT = 50 GeV, s, » 45 GeV \

—
E § —e— v sample data
= -
H v "
o 30 H- nen-collisiocn
o = — isidenlified jels
2 I P
L — . E'IIT
5 251 e .
= 1 . 1 1 ] ====- sum of histograms
T | |
. N [ ]
[ . :
20— -+ - s,
- i :
15
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Non-collision/Pointing

EM Cluster Pointing Algorithm

H H . . ] fl .”l J /".
< EM cluster pointing algorithm \ /o :

calculates the direction of the \ 'a: e ==
EM shower. [ pointing orotor TN N PR
——~ =7 A L \\
< It is based solely on the %ﬁ \
central preshower (CPS) and | RN i
EM calorimeter clusters. Iy 1
< Energy-weighted centroid z 5 ' | gﬁ
coordinates at each layer in the & “i s SR / '
EM calorimeter are calculated. e o 7\ e
S = T L
ST =/ Y}
1 PR A ré»l'” I ! Z
EM layers I i
CPS
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Non-collision/Pointing

EM Cluster Pointing Algorithm

< Fit of all five floor coordinates of the EM l
object and the CPS cluster to a straight 2y plane
line. EM4 :
EM3 ,
=V{] EEEEEEE R .
< Polar plane: z position of vertex. EM1 i

= Azimuthal plane: distance of closest I
approach to the beam line (DCA). (0,0.0) ~ vix
Resolution is about 2-3 cm.

— - hdelZphol X- lane ‘
| CPS z-pointing resolution | 1 N Yp ot
= Mean 0.01262
12— RMS 5.568
: 7% i ndf 2036/ 11 EM
| Constant  8.136 +1.214
1 0 — Mean 0.6662 - 0.4203 Cl u Ste rS
: Slgma 3447 10320
sl "

]

41—

,H..HVD/ R N R N

% -0 30 20 -10 0 10 20 30 40 80
[em]
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Non-collision/Pointing

DCA Templates Construction

< non-collision template
(widest DCA distribution):
events with no hard scatter (no
reconstructed primary vertex or
reconstructed tracks fewer than
three), or from cosmic ray
events.

< misidentified jets template
(wider DCA distribution):
EM objects with reversed track
Isolation.

< ely template
(narrow DCA distribution):
Obtained from sample of
Isolated electrons.

UPenn HEP Seminar - Nov 11, 2008
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Non-collision/Pointing

Pointed Vertex

< Require at least one reconstructed interaction vertex consistent with the measured

direction of the photon.

< Difference in the z-coordinate position less than 10 cm.
< Re-vertexing at high luminosities.

Photon Candidates i

100
8o
60f
a0

20

Jo0 -0

-60

-40

-20

Mean 0.1755
RMS

21.43
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| Signal-like events . & mindz

Mean 0.3827
RMS 8.145

PP PP PRI PPN = B PSS RPN I B B
-80 -60 -40 -20 0 20 40 60 80 100
AZ i [em]

f mindz
Entries 491
Mean -0.1218
RMS 9.375
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Non-collision/Pointing

Pointed Vertex

< Require at least one reconstructed interaction vertex consistent with the measured
direction of the photon.

< Difference in the z-coordinate position less than 10 cm.

< Re-vertexing at high luminosities.

Photon Candidates . p_hfmlndz | Signal-like events . ?7mlndz

Mean 0.1755 2400 Mean 0.3827
C H RMS 21.43 2900 :_ H RMS 8.145
100~ =
80— | DCA distribution, before A Z_, |<10 cut | ph_dca
r = Entries 1070
- - Mean 5.196
o~ C ) | RMS 4.271
F 300
a0~ -
a0l 250
- s BEFORE
200:_ 205080100
[~ AZ i [em]
__ f mind
150 - u Entries 2 491
B Mean -0.1218
[~ RMS 9.375
100
50—
%
L] Hl_l il O 10:_ J LH-VV_‘
2 ”Ij_ \_HJ_LH :...I...I...Ir'.‘UT‘—J-uJ.r..I... Y I I
R E A TP T I I e R P Ho0 "0 60 -0 -20 0 20 40 80 80 100
fo0 "0 0 40 20 0 20 A0 60 B8O 100 AZ,,, [em]

AZ i [em]
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Non-collision/Pointing

Pointed Vertex

< Require at least one reconstructed interaction vertex consistent with the measured
direction of the photon.
< Difference in the z-coordinate position less than 10 cm.

< Re-vertexing at high luminosities.
Photon Candidates ' Signal-like events

ph_mindz & _mindz

Entries 1595 Entries 9902
Mean 0.1755 2400 Mean 0.3827
- H RMS 21.43 2o00E- H RMS 8.145
100— =
80— | DCA distribution, after [AZ_, |<10 cut | ph_dca_mindz
L = Entries 472
= Mean 4.029
60— 200 = |[RMS 3.968
- 180
40_— -
C 160
20— ~
- 140F- AFTER
1201~ 205080700
= AZ i [em]
100 :_ T_mindz
- Entri T
80— MI;;:?S 0.1218
- RMS 9.375
60—
a0
20
%
o Hu I U 10 J LHW_‘
2 ”Ij_ \_HJ_LH :...I...I...Ir'.‘UT‘—J-uJ.r..I... Y I I
) S L P P SN P T R Ho0 "0 60 -0 -20 0 20 40 80 80 100
Moo 80 80 -40 20 0 20 40 60 80 100 AZ;, [em]

AZ i [em]
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Non-collision/Pointing

Shower Shape

Non-collision, Energy Fraction at EM1 =
RS o2ra

> EM objects from interaction region
expected to deposit most of their
energy in the 3" layer of the EM

180
160

140

calorimeter. o
2 Particles not from the interaction 100 From'
region deposit all their energy in the 80 data!

first EM layer. %

40

20

IllillII|IIIIIIIlIIIIIIIlIIIlIIIlIIIlI

EM4 0 0.2 0.4 0.6 0.8 1
Emg HEEEED [NEEEENNN Non-collision, Energy Fraction at EM3 =
EM Fr it
CPS 4001
350;-
Pb radiator 300+
~ 250 From
NS =
enoid \ "N 200+ data!
solenoi 2l
tracker 150F
Beam line 100Fr
505-
OZ—L-—‘_._—.-_-—I__r.—-.-—m.,Pl_r.-—HIL.—-L_-.-—-.__L L
0 0.2 0.4 0.6 0.8 1
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Non-collision/Pointing

Shower Shape (EM3 fraction)

< Require photon showers to deposit at least 10% of their total energy in the third
layer of the EM calorimeter.

PhOtOh Cand idates |smrri’(|:s=_1rac3 472 Sig nal-l i ke events Emri‘;;ﬂacssms

I\Rﬂne‘asn %229.25941 Mean 0.411
[RMS __ 0.2001] [BMs  0.0995)

120
1001

soft

60+

aoft

e

0 0.2 0.4 0.6 0.8

Non-collision events

Entries

Enlrie_s 674
450F Mean  0.1539 - | g"nﬁlgn 0063267:
= RMS ___ 0.2454 140F- ]
4005 -
350F 1205_
300F 1001~
250 80
200E 505‘
150 C
= 40—
1005 C
= 20—
50 -
F L = . 1
o 1 o 0.8 1
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Non-collision/Pointing

Shower Shape (EM3 fraction)

< Require photon showers to deposit at least 10% of their total energy in the third
layer of the EM calorimeter.

PhOtOﬂ Cand idates |smrri’(|:s=_1rac3 472 Sig nal-l i ke events Emri‘;;ﬂacssms

Mean 0.2954

: e F ; 031
120t
100k- | DCA distribution, before Energy Fraction at EM3 > 0.1 cut | ph_dca
H Entries 472
M a Mean 4,029
sopr 200 = RMS 3.968
60 180
wll 160
il 140
201 = BEFORE
120 Loy
= 0.8 1
100
80 :— [ frac3
- Entries 1483
450F 60F- RUS _ooss71
400 a0
350 C
E 20
300 C
E 0 [ 11 11 1 1 L1 1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1
250F 0 5 10 15 20 25 30 35 40
= DCA [cm]
200F
15003
= Ll g
- : JJJJJ LLLL
50 C
E SRR RPN S P I | o L L s L
L o ol o : o 0.2 0.4 0.6 0.8 1
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Non-collision/Pointing

Shower Shape (EM3 fraction)

< Require photon showers to deposit at least 10% of their total energy in the third
layer of the EM calorimeter.

PhOtOﬂ Cand idates |smrri’(|:s=_1rac3 472 Sig nal-l i ke events Emri‘;;ﬂacssms

Mean 0.2954

: e F i g o
120
100 | DCA distribution, after Energy Fraction at EM3 > 0.1 cut | ph_dca_frac3
i Entries 328
sob- - Mean 2.628
i 180 | BRMS 2.979
60+ -
5 160
o 140
200 120 AFTER
100 I
80—
[ frac3
60 = Entries 1483
— M .
450: — Hﬁ'sn 0?0:053:
a00F 40
350 -
H 20—
300F =
E 0 — L L 1 L L L L1 L 1 1 I L L L L I L L 1 L I 1 L L L I 1 1 L L
250 0 5 10 15 20 25 30 35 40
zooz DCA [cm]
150F
= Ll g
- : JJJJJ LLLL
50 C
raE Y Ry S ¥ A 7 I T R
() 04 06 0.8 1 - - . -
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Non-collision/Pointing

Shower Shape (H-Matrix)

hmx7

< Additional quantity, in principle designed T

for electrons. IR e
0.4 :_—'r—T -

2 Can be used loosely for photon ol & | hat
identification to achieve some additional : | bt
background rejection. oaf—+— 54 o i s

i | —a— gamma+jet, MC
: , 0.2 fle—dm— R P

< Eight or seven variables can be used to s .
construct a covariance matrix. iV FEPS PUVERS PR P g --3|5-- - J., . ,L Ll

S The H-Matrix 2 is calculated using the > Variables x used: |
inverted covariance matrix, data, and - Fractional energy in each
the mean values from MC electron of the EM layers.
orofile. - The total electromagnetic

energy.

< A shower matching the MC profile - The energy weighted
will have low 2. shower width in z and

azimuthal directions
- The z vertex distribution.
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Y Selection/Backgrounds

The Photon sample

Photon selection: hph_dca

Entries 35
Mean 2.886
RMS 2.906

2 pT >90 GeV

< 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.

Events/2 cm

—

6 8 10 12 14 6 18 20 22

DCA [cm]

Non-collision events +
some misidentified jets

ADDITIONAL REQUIREMENTS

Most of signal-like events We use DCA templates
concentrated in this region to estimate these

(e/gamma) events + EM contributions.
jets.
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DCA TEMPLATE FIT

Y Selection/Backgrounds

e/Y and non-collision background determination

< We fit the DCA distribution in the photon sample to a linear
sum of the three templates, fixing the contribution of the

misidentified jets.

= -
S 220 DO, 1.05 b’ oo ]
@ 20= —.— ;: —ely
= - data ﬂ-ﬁg_ non-collision
g 1811 — ey 0.5F - misidentified jets
= 0.4F
u 165 non-collision 0.3 |-
145 7’| misidentified jets 021
12:_ 0.15‘
10 5 10 15 20 25
- DCA [cm]
SE
6
4
X N
% 2 4 6 8 10 12 14 16 18 20 22
DCA [cm
—— [cm]

Most of the signal is concentrated in this region.
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Y Selection/Backgrounds

Prediction of misidentified jets background

photon sample: number of events from misidentified jets N_._.. -> unkown.
fake photon sample (inverted track isolation): number of events N.__-> known.

N ., can be predicted from the fake photon sample based on the rates at which

jets, passing all other photon ID criteria, fail or pass the track isolation.

40 ‘ —— data
A S misidentified jets
r — e/'y

t
(=]

EM + jet sample

Evenis/2 [cm]

fake (inverted track photon (track isolation) + 30 -
isolation) + jet: N, jet: has N, (from the fit) = - | sum of histograms

events from misid jets

20

10

Ll 1 | 1 Il
20 22
DCA [cm]

o
o
N_
'S
)
o

3
dl‘
o
—h
ok
=1
=
—
=
—h
=k

Nmisid = Nfake X (NZ/NI)
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Y Selection/Backgrounds

Remaining Backgrounds Estimation

= Estimated from a sample of Monte Carlo (MC)

2+y—-ovvy .
y-vvty events generated with PYTHIA.
- . .

WH+yolv+y Same_ selection requirements as.for data pllus
correction factors to account for differences in
simulation.

W->ev < Estimated from data using a sample of isolated

electrons. Same requirements as for the photon
sample. The remaining number of events is
scaled by:

(1—e¢

trk )

€ trk

: track reconstruction efficiency

Etrk :
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Results/Summary

GRS

FINAL COUNTS LIMITS
Background Number of n || Combination 2.7 fo~! | Combination 2.7 fb~!
expected events, observed ( c*x}?‘n:-u'tenljl observed {expected)
combination (2.7 fb_l} I:;r{fhh.ﬁwtmn .‘U.‘D 1,{ il
T g 50F L OF 111‘111t. (fh) 111'1}1’[ f{Gu:-‘-.-'J
H s ' ‘8 5 e T 2 19.0 '1,14'6:" 970 [l[i.?vﬂ
" : : 3 2001 (14.7) 899 (957)
Non-collision 6.6 +2.3 4 20.1 (14.9) 867 (916)
Misidentified jets 3.1 4+1.5 5 19.9 (15.0) 848 (883)
W+~ 2,22 0.3 6 18.2 (15.2) 831 (850)
Total Background 499 + 4.1 7 15.9 (14.9) 834 (841)
Data 51 8 17.3 (15.0) 804 (816)
E 22;_ -1 E 1 zz—
= fgz 271b ;n 1.65— N .- expected limit
% 167 +cziata 1.45_ — observed limit
& 1q o oF K ® CDF 2.0 fo” limit
120 non-collision “Eoe 4 LEP combined limit
10 (I misidentified jets . ... .
g Wty 0.8F N
= —LEDn=4M_=870GeV - A
6 P 0.6
4 0.4
25_| . ; _+_| 0.2
% 100 150 200 250 300 of— | | | | | |
2 3 4 5 6 7 8

Photon P, [GeV]
Number of Extra Dimensions
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Results/Summary

< A search for the direct production of gravitons in association with single
photons has been presented.

< Standard DO photon identification is not enough to reject non-collision
backgrounds for final states with just one single photon.

< The EM pointing algorithm has been proved to be an important tool to
discriminate against these unwanted events.

= No evidence for the presence of LED has been found.
2 Some of the ideas presented in this talk might be used in new hadron

collider experiments (ATLAS in particular due to the fine segmentation of
its calorimeter).
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Backup Slides
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Shower Width Formulas

cells

Z EiXRZXSinz(‘I)C_(bi)

0, = <16cm*
EC

cells

2. Eo,
¢C= lcells
S,

: energy of the cluster

K

C
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EM Pointing Centroid Postion Calculation

< Centroid position calculation (f can be X, y, or z coordinates):

layerN

layerN
Z chll fcell

flayerN __ cells

cells
Z layerN
chll
layerN

layerN
cell

layerN
E total

layerN

o] =maxi0,|w,+In

—
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2 Covariance Matrix:

MC simulation

S H-Matrix y2 :
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