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Why Photon Final States?

P Well Motiv ated Theories

I Most imp ortan tly Supersymmetry

X History

' Follow up on some of the anomalies from CDF in Run |
Just because...

The photon Is coupled to electric charge
The photon Is massless

The photon is stable

The photon is a boson

And then...

a Additional Lepton(s) ) Rarein SM, Bakgroundsare low for

searbes!
a Additional Photon(s) ) The photonshave moderatesignal-to-

noisebut good exciencyand masspeakresolution
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Run | Results: ee°° &1 Event

eenyZTCondidoTe Event

e] e Candidate
ET=63GeV
¥

44 .8 GeV

Rare in the Standard Mo del?

Dominan t SM Source:
WWee 1 (e°)(e°)°° !
) 8£10i ’ Events

All other sources

) 5£10 7 Events
Total:

) 10' ® Events

ee®° &

Prediction of Supersymmetry?

(Ambrosanio, Kane, Kribs, Martin, Mrenna, hep/ph 9607414}
pp! e"e (+X)
e! Ad+e
A0 AOo
Al AY
Run I: No other ° °@&; candidates

ee®® 1) Signature-Based Searches
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From °° to °: °X Search

P Run | Searches for °°+X
Resultsconsistenwith the SM
( CDF PRL 81, 1791(1998), PRD 59, 092002(1999))

) Search for °+X instead of °°+X

Run | Photon-Lepton Results (86 pb 1)

Category 1 sm No P(N, Ngj'sm),
%

All "°X { 77 {

Z-lik e e° { 17 {

Two-Body °X 249824 33 9.3

Multi-Bo dy ° X 20.281.7 27 10.0

Multi-Bo dy ° X 5.8 8 0.6 5 68.0

Multi-Bo dy °°X 0.0280.02 1 1.5

Multi-Bo dy °&X 7.6 8 0.7 16 0.7

CDF PRL 89, 041802(2002), PRD 66, 012004(2002)

P o &, Category:
16 ° &; Events vs 7.68 0.7 Exp ected

11 *° & Events vs 4.28 0.5 Exp ected
5 e°&; Events vs 3.48 0.3 Exp ected

g Observ ed rate of ° & :
0.7% probabillity (2.7 standarddeviations).

) Resonant Smuon Pro duction?

q H

(hep/ph 0111014,B.C.Allanach, S.Lola, K.Sridhar)
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Run |l: Take More Data!

E Increase the Collision Energy
X Increase the rate at whic h we tak e data
Upgrade the Detectors
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Run |I: Searches for New Physics in Photon Final States

Will cover three of them:

" Search for High-Mass Diphoton State and Limits for
Randall-Sundrum  Graviton

" Search for Anomalous Pro duction of Diphoton Events with
&t and Limits on GMSB Mo dels

" Search for Lepton-Photon-X Events
New! rst time presenté outside of CDF!
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Search for High-Mass Diphoton State and Limits for

2 Photons in Central
Calorimeter, ~ < 1:05

2 EL > 15 GeV

2 M (°:°) > 30 GeV

Diphoton RS Graviton Search

1

CDF Run Il Preliminary, 345 pb

;. ,
104t 3 05E
¢ \“ 3 04F ‘
L g 03f
t ﬁ'h 2 0.2F
— | +#, . SOl I
o [ 1\H"' 200 250 300 350 400 450
210 | +++
0] |

dN/dM (1/
|—\
\

i i

Wil

40 60 80 100 120 140 160 180 200
m(gg) (GeV/c?)

'
=

10

Randall-Sundrum  Graviton

Searthesfor New Physicsin Photon Final States

°° Highest Mass Event
M (°°) = 405 GeV
1

E.'= 172 GeV
E.°= 175 GeV

(e]
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Search for High-Mass Diphoton State...
2 SM Background

{ NLO Dipho x calculation
{ normalized to L

2 Jets Faking Photon

3
10 CDF Run Il Preliminary, 345 pb ™
- —« Data, E>15GeV, h|<1.04
- Total Background
10

Entries/5 GeV/c 2
=
o

{ Usually a high- E1 %4
{ normalize to low mass

Diphoton RS Graviton Search: Mass Distribution

|||||||||||||L_||LLJ‘J‘L IIIIIIIIIIIIIII

0O 50 100 150 200 250 300 350 400 450 500
m(gg) (GeV/cz)

S AANAIAA

—[o.ww . AL B :
L

—— e _._w *:J’ .-.-.—,-.-J-————wwm

10

)

1/GeV/c

[N
o

dN/dM (

g Y

Diphoton RS Graviton Search

- CDF Run Il Preliminary, 345 pb ™

2f=T" Data, E>15GeV, h|<1.04
- e Total Background + 1s
L - SM gg (Diphox NLO)

40 60 80 100 120 140 160 180 200
m(gQ) (GeV/cz)
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..and Limits on Randall-Sundrum Gra viton

Sy gt

7 Y Y9
2 Mo del
{ S-channel Graviton
{ Warp  factor: cur-
vature In extra

dimension ) Mgk

{ small warp values predict
narro w peaks

2 Limits: ee 11 and °°
{°°: 345 pb !
{ee:200pbt?

{ °° has larger BR

{ °° spin factors
acceptence

Impro ve

RS Graviton Searches, 95% CL Regions

CDF Run i
Preliminary

w=== dimuon, 200 pb’
s @4mu, 200 pb’

I diphoton, 345 pb”’
wws diglectron, 200 pb"’

L 1 L L 1

1 t i 1 L 1 j L L i L l i

300

400 500 500 -
Graviton Mass (Gev/c")

700
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Search for Anomalous Pro duction of Diphoton Events with
&r at CDF and Limits on GMSB Mo dels

2 Search for °° + &7 + X )
2 Photons in Central Calorimeter, =~ < 1:05
2E+ > 13 GeV

Backgrounds:

2 QCD background: fake photon (jj, J°)

2 QCD background: °°

260

2 Non-Collision: beam-related, cosmic rays

Are there any ee® &t Events like in Run 1?..

-10-
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& cut Exp ected Observ ed
25GeV|5.95 § 3.25(stat) § 3.81(sys) 3
35GeV|1.39 § 0.40(stat) § 0.40(sys) 2
45GeV|0.27 8§ 0.07(stat) 8§ 0.10(sys) 0
55GeV|0.12 § 0.04(stat) & 0.05(sys) 0

— CDF Il Data (202 pb?)
] Non-Collision

Heg
] QCD - fake photon
][. [1QCD - g9
' E$>13 GeV, |h9<1.0 No excess in

two photons +
energy Imbalance

Events/5 GeV

2
10

0 10 20 30 40 50 60 70 80 90 100
Missing E ; (GeV)
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BR (g+X)” (pb)

=
OI
| IIIIII

Vd

S

140

...and Limits on GMSB Mo dels

Neutralino Mass (GeV/c 2)

80 90 100 110 120
| | | | |

_ CDF 202 pb™ GMSB gg+#,

- Dé 263 pb'1 M=2L, N=1, tanb=15, m»0

—— PROSPINO NLO
QCD Uncertainty

.\\’\o-

expected limit
—e— observed limit

‘Te0 T80 200 2'250
Chargino Mass (GeV/c ")

CDF
M zs >167 GeV/ c?
1

M a0 >93 GeV/ ¢
1

a>69 GeV/ ¢

Combined CDF+DO

I\/Ié§ > 209 GeV/ ¢
1

M g0 >114 GeV/ c2
1

o >84.6 GeV/ ¢
at 95% C.L. in GMSB Mo del

(Buescher, Culkertson et al., hep/ex 0504004)
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Search for Lepton-Photon-X Events
New! rst time presenté outside of CDF

P Datasets

{ Logical'OR' of
Inclusive High-Er Leptonand Inclusive High-Er PhotonSamples
Ob jects: a priori selection - same as in Run |

{ Tight Muons:Pt >25 GeV

{ Tigh t Cenral ElectronsPhotons:Et >25 GeV
{ Loose Muons:Pt >20 GeV

{ Loose Cerral Electrons:Et >20 GeV

{ Loose Plug Electrons:E1 >15 GeV

{ & >25 GeV

Take Runs with Detector Fully Op erational
L = 30pb 1

P

13-
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Search for Lepton-Photon-X Events
New! rst time presenté outside of CDF

P Standard Mo del Contribution

{ MadGraph,CompHepandBaur 9 A~ H",\/\'\/?\{ -
SMMC (W)
{we°,z°, We°, Z°° Samples IR s A
P Fakes O s<chanelW chamel nly)
{ Jet fakingphoton ’ "
{e!l ° Fakes
) { QCD (Jetsfakingleptonand &) T W
D) Inner Bremsstrahlung

Lepton-Photon- X
{X " &) °&
{x> )
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° &7: Predicted and Observed Events

Lepton+Photon+ & Predicted Events: RLdt: 30pb !
Standard Mo del Source e’ & 1° &7 (e+ 1) &
WEE 11.9§ 2.0 9.08 1.4 | 20.98 2.8
70=0 4 © 1.28 0.3 | 4.28 0.7 | 5.48 1.0
W8eo:70=0 4 oo 0.148 0.02 0.18§ 0.02) 0.32§ 0.04
ZY=°1 g*ei el ° 2.58 0.2 - 2.58 0.2
Jet faking® 288 28 168 16 | 448 4.4
2.° cortribution 0.78 0.2  0.38 0.1  1.08 0.2
QCD (Jetsfakingleptonand&y)| 0.68 0.1 < 0.1 0.68 0.1
Total SM Prediction 19.8 § 3.2/15.3 8§ 2.2|35.1 8 5.3
Observ ed in Data 25 18 43
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“° &1 Distributions:

Electron Channel

. N 1 | Entries 25 . N 41 | Entries 25
CDF Run Il Preliminary @ dt = 307 pb Overflow 0 CDF Run Il Preliminary @ dt = 307 pb Overflow 0
4N S L BN B LU B LR T 1 | IULEEL L DL IELANLENLA LN BN ENLENLRNLE B
12 16} .
] 1 « Data 14+ 4 « Data
10 1EBwg 128 T J1Ewg
0 B2 o 1079
2 8f TBW jet 210f 1w jet
o - o ]
e 6'\ e fake g z 8F i efakeg
= Zgg, Wag 6L 489299, Wag
4R 1ty 1Mty
- B ocD a4t 1moco
oL _
0 : —— | | 0 == W ]
40 60 80 100 120 149 160 180 20 40 60 80 100 , 120 140
Electron E ; (GeV/c") Photon E ; (GeV/c")
i N 1 | Entries 25
CDF Run Il Preliminary G dt = 307 pb Overflow 0
[ L L L L L
10F .
i e Data
sl + 18wy
[ [JZg
1 W jet
e fake g
] 58299, Wag
Mty
1QCD

80 , 100 120
E. (GeVic’) 16-
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“° &1 Distributions:

- N 1 | Entries 25
CDF Run Il Preliminary Gdt—307 pb Overflow 0
L IR BN B B LS BUELELEE BRI
10F .
[ 1 ¢ Data
gL -4 18wy
[ 10029
(2] .
=P 1w jet
o
|_|>J e fake g
188 Zgg, Wog
1 Wty
1MQCD
0)

0 20 40 60 80 100 120 140 160

M; (e, &) (GeVic )

Electron Channel

- N 1 | Entries 25
CDF Run Il Preliminary (@ dt=307pb ™~ | 5 a0 0
w00 ' | | o
8 e Data
_ e
& 6} @)
2 6l 1 W jet
O
e fake
i T ;
Il 1 M Zgg, Wgg
N& 1 t
§*§g '::éix>
AN |
bru, 02wz =

150
M. (e, &, @) (GeVic)

50 100 200
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° &1 Distrib

utions:

CDF Run Il Preliminary c\g dt=307 pb ™’

Entries 18

9|||||||||||||||||||||||||| T

Events

_ T

40 60 80 100 120 140 160 180
Muon P, (GeV/c")

P

CDF Run Il Preliminary C\g dt = 307 pb t

Overflow 0

e Data

10wg
1[zg

.W jet
799, Wag

Bt

Muon Channel

CDF Run Il Prelimi A dt = 307 ob ™ Entries 18
un Il Preliminary @ = p Overflow 0
LELEL LN L L L L LN LA B NLEL LN BLELEL LN BLELELEL
10 ]
] » Data
8t 4+ : Wg
0 fpn
5 6f 10029
o 1 . |
if : .Wjet
! 10 Zgg, Wog
1Bt
2 _.l g
o] |5 g\:}hﬁw b

Photon E ; (GeV/cZ)

Entries 18
Overflow 0

o] SRS RAARE RARAE RAAME RRARE RARAE MRS RRARE R T3]

Events

T arar
oy
e b §

-qaah3¢¢;;§g§__w:_ =

e Data

Hwg

{0
.Wjet

10 Zog, Wy

Bt

0 30 40 50 60 70 80 90 100110
. (GeVic)

80730 40 50 60 70 80 90 100110120
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“° @& Distributions:

CDF Run Il Preliminary (\Ddt=307 pb 1 g?/ﬂﬁ?)W 13
10:_"'I"'I"'I"'I"'I"'I"'I"'I_-
8_ _ L4 Data
. i :Wg
% 6F 1029
T 4'_ SN _:.Wjet
| \ { g0, Wag
ol 1Mo
0 === I
O 20 40 60 80 100 120 140 160

M. (m ;) (GeVic?)

Muon Channel

CDF Run Il Preliminary (\D dt = 307 pb *

Entries

18

Overflow 0

[T 71 L L B

Events

N Wb 01O
|
1
1

Nin e N
100 150 200
M; (m &, 9) (GeVic)

0 50 250

e Data
Hwg
zg
.W jet

Zgg, Wag

Bt
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[1°:

Predicted and Observ ed Events

Multi-Lepton+Photon Predicted Events: RLdt: 306 ¢
Standard Mo del Source ee’ 11° |1°
70=0 4 © 12.58 2.3| 7.38 1.7 | 19.88 4.0
70=0 4 oo 0.248 0.03/0.128 0.02 0.368 0.04
ZY=° + Jet, Jet faking® 0.38 0.3 | 0.28 0.2  0.58 0.5
QCD (Jetsfakingleptonand&y) 0.58 0.1 < 0.1 0.58 0.1
Total SM Prediction 13.6 8§ 23 7.6 8 1.7 |21.2 8§ 4.0
Observ ed in Data 19 12 31
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CDF Run Il Preliminary d dt=307pb

14
12

10

Events

O N b O

\\o

rrrrrrrr[rrr[yrrrrrr[rrrrorr

20 40 60 80 100120140

Electron E ; (GeV/cz) Photon E ; (GeV/cZ)
- N 1 | Entries 19
CDF Run Il Preliminary O_ dt = 307 pb Overflow 0
10_ I I I I ]
8t ]
[ » Data
) -
s 1T 102
o F BZjet
[ 4% I ; J
. 299
5 | 1MQCD
0oF Aol T—
0 5 10 15 20 25 30

. (GeVic)

Distributions: Electron Channel
Entri 38 o Y 41 | Entri 19
O:]/erﬁlf)w 0 CDF Run Il Preliminary O_ dt = 307 pb ! O?/:r?lzw 0
I"'I"- lo_"'l"'l"'l'"I"'I"'_'
] ol _
1 « Data T 1 * Data
1079 e o 1079
1MZ jet D {MZ jet
{8Zag | 299
BQcD 1PQCD
A PR | 277277/!7 l +
160180 60 80 100 120 14
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Events

“° Distributions:

o N 1 | Entries 19
CDF Run Il Preliminary (- dt=307pb = | 5 - g 0
<1 L L
7t ]
6F '
5- 1 _ » Data
; e
4¢ 1Mz ]
35 1 Z jet
{8499
2! {HQCD
1] 5
P50~ 100 150 B

7100 150 200

M (e, e) (GeVic?)

250

Electron Channel

Events

\ 1 | Entri 1

CDF Run Il Preliminary O_dt:307 pb ! OT/e”r?If)W 8
' L L B B I I ML
6F :
5 :

: ] « Data
NI 1Dzg
3- ] 4 <4 -.ZJet
oF It 18299

; 1 QCD
1k 4 :

i é’//‘//// ]

O- ey e o

50 100 150 200 250 300 350 400
M (e, e, Q) (GeV/cZ)
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o . . . ]
Distributions: Muon Channel
. 2 1 | Entries 24 . \ 1 | Entries 12
CDF Run Il Preliminary O_ dt = 307 pb ! Overflow 0 CDF Run Il Preliminary O_ dt = 307 pb ' Overflow 0
16F T o URANLELE BLELELELE BLELALELE BLELELELE BLELELELE BLELELELE BUELELELE BLRM
12} ]
14F ] ]
12 : 10 1 ';
10t je-Data g ] - Data
e 8 {029 S gf 1029
L . Ll ] .
6F | 1BZ jet A 1NZ jet
qF | . Zgg ) 7 Zgg
2 ' - ] y % I ]
//-/J-//./;Z./%z %}mm P W Wy T e e | | E—
80 30 40 50 60 70 80 90 100 CZ‘O 30 40 50 60 70 _ 80 90

Muon E (GeV/cz)

Photon E ; (GeV/cZ)

CDF Run Il Preliminary c\)_ dt=307pb ™ CE)?/tenr?Isc,)w 15
10_' L DL L L L B L '-
8t ]
- Data
£ 6 I
9 [zg
TR :
R 1Mz jet
. Zgg
2% ]
T
0 ) 10 15 20 25 30

. (GeVic)
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“° Distributions:

- N 1 | Entries 12
CDF Run Il Preliminary O_ dt = 307 pb Overflow 0
U AL B AL L B B B AL B
6f
5¢
Data
2 4F -+
c [ 107
Q 3t :Zg
o ] i
| 1HZ jet
2F 7 ]
: - | pAve
1 7 v .'
- TV ]
[ ANy _
ok G iy
0 20 40 60 80 100 120 140

Mass (mn) (GeV/c )

Muon Channel

Events

CDF Run Il Preliminary Odt‘307 pb ™ (E;Ctéir?liw 1f2)
8FT T T ]
A -
6t '
ol 1 j « Data
4} 1029
3t {BZ jet
2 {MZgg
1t
050100 150 200 250

M (Mmmg) (Gevic)
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Search for Lepton-Photon-X

Events: Summary

R
Predicted and Observed Events: Ldt= 30pb !
Channel e 1 (et+ 1)
&
Predicted 19.8 § 0.8(stat) [15.3 § 0.6(stat) | 35.1 § 1.0(stat)
§ 3.1(sys) § 2.1(sys) § 5.2(sys)
Observ ed in Data 25 18 43

Predicted 13.6 8 0.3(stat) | 7.6 8 0.2(stat) |21.2 § 0.3(stat)
§ 2.3(sys) § 1.7(sys) § 4.0(sys)
Observ ed in Data 19 12 31

25
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Photon Searches at CDF. Summary ...

P
P

[INew Physics Result] Run 1 2.7 sigma excessin ° & not con rmed

Search for °°&; + X: No excess in two photons + energy imbalance.
Combined CDF and DO: most stringen t limits on GMSB SUSY

P Search for high-mass diphotons : DATA agreewith predictions.Photon sig-

nature is promising (fermiphobigaren?)

...and Future!

P The next big discovery in particle physics may well come from looking

at samples with nal state photons
' Mo del Indep endent Search Technigues
I Recent upgrade: brand new EM Timing system

aCon rm or Deny: photon from the primary collision

P Photon Searches at CDF are underw ay: hunting for New Phenomena.

Hop e to get physics results with 1 fbi ! by Moriond
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