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Introduction
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Photons at the Tevatron

Collider Run Il Integrated Luminosity

Tevatron Run Il, pp at\s = 1.96 TeV
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Photons (y) are 2nd most + ~60 pb™' per week

frequent objects after + ~5.8 fb™' up to now
jets (j) + Results in this talk based on 1-3 b
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Exotic Event at CDF?

e] e Candidate + In late 1990,5
REPEROEN . T ReReR an unusual eeyyME;
candidate event was

observed at CDF in
Run |

+ Very rare in SM:
~10% events

+ From New Physics?
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New Physics with Photons

+ SUSY:
 YYEMEq, yy+W+MES, yy+j+ME;, yy+jj+ME;, yy+b+ME,
'Y"+ll+MET’ Y+j+MET
"+ Extra Dimension:

VY, Y+*MEq, yy+)’s+ME;
+ Higgs:

Y, v yy+3, vy++MEy, , y+MEr, y+ME;
+ Technicolor:

vy, Y+bb, yy+ll, y+tt, yyy, yy++ME;

No Deficit of Models, but it’s too many
=>Signature Based Search
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~ Signature Based Searches

+ FirSt two of three results shown here are

. “Signature Based Searches (except yy+ME)
- Signatures

gnat Sighatures
SR, T YY*X (X=ME, ).7="" with leptons
Signatures Y+b+j+ME; \

with b-quarks \ \S;J{gtrl‘matlrjm:)eti)ns
How to do: Why good? P

= Choose a signature = Many models, but few are

= Define a nominal selection obviously more likely than

others

= Model limits usually do not
provide critical insight

= Compute SM backgrounds
= Report event yields and

kinematics i |
= Investigate discrepancies Lave time: cover more
signature
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Search for Anomalous yy+X
X=e/u, t, ME;

CDF Public Note 9339
To be submitted to PRD
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Search for
Anomalous yy+e/ u

+ Event Selection (1 fb)

i 1/ ndf 24.41/15
- Two photons: Er>13 GeV, £ 3] s 2miows
NN A = ] p1 0.04524+ 0.00773
N IT]l <1.1 % 0.025. p2  0.007234+ 0001453
Ao TR
- Electron: E>20 GeV, <+ 0.02] +
-
central (|n]<1.0) or G 0 015! + +
)
- e 1I- C
- Muon: P:>20 GeV, [n|[<1.0 & ggosf M - +
~ y= epO+p1x_|_pz
+ Backgrounds | 20 30 40 50 60 70 80

- “Physics”: Wyy and Zyy Electron E_[GeV]
- “Instrumental”:Wy/Zy+(e—v;,..) = €— fake rate from Z

i lfake’ il L+ (J %Yfake)
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Events per 10 GeV

Events per 20 GeV/c’

CDF Run Il Preliminary 1015-1100 pb'1

yy+e/ u kinematics

" 6 CDF Run Il Preliminary 1015-1100 pb'1
vy +e Search g vy + e Search
—e- Data i —e- Data
4- Fakeyore Fakey ore
33—e— ST—%—

: I zry e Wy : B vy + wyy
2 2]
0 L’w . . .

10 20 30 40 50 60 70 5
Missing E; [GeV
- 9E | 11 Number of Jets
CDF Run Il Preliminary 1015-1100 pb
6 +e Search
" yy+e YY+H
5 —e- Data
4 Data, 1 fb-* 3 0
Fakevy ore
3 [ ] [ ] [ ] [ ]
W 2wy Total Bckg 6.82:0.75 0.79+0.11

2 “Physics” 16% 81%
v 1 v+ (€Y ae) 75% 2%
O — ] e N .

4 120 140 160 180 y+l+(j—Vfare) 7% 16%

2
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Search for
Anomalous yy+t

+ Event Selection (2 fb™)

- - Two photons: E;>13 GeV,

T <11

- Hadronic tau: E;>15 GeV,
narrow calorimeter cluster,
1 or 3 tracks, isolation cone

II\lIIIIIIIIII|IIIIII|-III
. CDFRunli L’reliminary 5014 pb1

S
o
o

Trigger Sample ]
— — Tower>5 GeV —
—o— Jet Et>20 GeV i
—— Jet Et>50 GeV ]
—— Jet Et>70 GeV —

e
=)
7

o
o
Y

e
o
(%)

P(loose tau (jet) misid as tau)

e
o
N

+ Backgrounds 0.01 ]
- “Physics”: Wyy and Zyy T s e
. : 0 20 40 60 80 100 120 140
- “Instrumental”: yy+(J—=Tsae) Tau Et (Gev)
= j—1 fake rate from jj events
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Search for 1 + X X =1
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yy+r kinematics

Search for yy + X X =1

CD* Run II Prellmlnary 2014 pb

|
S |
|

|
I

= Standard Model E

Search for 1 + X X =t

IlIlIIlIllIIII|III|||II||||I

TR
éDF Run II Prellmlnary 2014 pb’ X

= Standard Model

10 20 30 40 50 60 70 80 90 100

Tau Et (GeV)

] Data, 2 fb" 40
Ml.llll.llll..llll.lluﬁ—n-:

~50 100 150 200 250 300 350 40
Ht (GeV)| |,

Total Bckg 4610

Instrumental” 44+10
“Physics” 2.2+1.0
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Search for Anomalous yy+ME ;

CDF Run Il Prellmlnary +X 2 fb

. S10°f A I

. _ : -1 PR . Data
+ Event_Selectlon (2 fb1) e Eg%k&fakea} ;
A\ R 2 @ Fw 0 e EWK (real ) :
- TWO photons: 10° - Non-collision N

Fake &, only

T T

‘]L3 11

CEs13GeV, [nl<11 0w

-
f=]
T

"

1 - I E

+ Backgrounds 10' o] _

- QCD with{fake ME[ vy, v, jj wo-"5— v g

= doml.nant backgrounds METMODEEaUse event
- EWK with true ME;: W/ Z+y, topology to predict fake ME;
W/Z+], L=Tt—>YakeVfake due to energy measurement
- Non-collision: Beam Halo, fluctuations = Measure how
Cosmic Rays significant the observed ME; is
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Events /5 GeV

10

10"

10°% bl

CDF Run Il Preliminary, yy+X, 2 fb”
IIII IIIII||II|III[II

y+ME kinematics

CDF Run II Prellmmary, 77+X 2 fb

- T T 1 v F i
- e Data 1 = o Data ]
B [ Bckgto, 41 o L 3 Bckgto, 7
B —— QCD (fake g | e —— QCD (fake &)
= L e EWK (re‘al_ &T) 1 Y, 0 e EWK (real §,) 3
o SfF1 . e Non-collision 3 T Fde e Non-colllSlon .
- E;-significance>5.0 N E g;-significance>5.0 N
= E i E
=L e JETEE L & E
i [ IEL: - ﬂ I-H-l ] Tl I T o H | ” H;
0 20 40 80 100 120 140 160 180 200 0 100 200 300 400 500
K., GeV M, , GeVic
MetSig>3.0 | MetSig>4.0 | MetSig>5.0

Data, 2 fb! 82 31 23

Background | 67.9+7.5 35.8+3.0 | 27.3+2.3

EWK 47 % 75% 84%
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GMSB Event Slgnature

Decay promptly or
travel before decaylng

p

+ In the Tevatron ( pp collision) X1 pairs produced
+ Both or either )"(lodecays in the detector

- y + I, : optimal for high lifetimes (z > 2 ns)
Yy + ET: optimal for low lifetimes (t < 2 ns)
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Events per 20 GeV
= -
A - o

—
]
N

yy+§; analysis in GMSB CDF Run Il Preliminary, 2.6 fo

GMSB Limits in yy+ME;

CDF Run Il Preliminary

T I T T 7T T I T T T T T T T T l T T T l T T T l T

25

——e—— Data

[ QCD with fake &,

---------------- Expected exclusion region with yy+E.T and 2.6 fb™!
Observed exclusion region with yy+ET and 2.6 fb™

— /] EWK Wit_h_real ET — Observed exclusion region with y+ET+Jet and 570 pb'1 ]
= !_____:' Non-collision 3 20 | ALEPH exclusion limit
C Lecmmmeme _: GMSB signal 7 Cosmology favored region with 0.5 < M(; < 1.5 keV/c?
B 7, mass=140 GeV, lifetime=0ns | -
= b = 2
- 2. = ~15 ~
- 1. 1 2 GMSB 7,76
= . ;-;: M,,=2A, tan(p)=15
3 o F g0 N=1, >0
’_T—!_‘ 1 L 1 ' 1 1 1 1 l 1 l — 1 1 l 1 L | — l 1 L ! L
0 100 200 300 400 500 600 700 S
H; (GeV) |
HT=ET(Y1)+ET(Y2)+ET(']1)+ET(12)+MET+..' R | ".I I T i

II|lIIIIIIIlI!llllllllll!l[llllI[IIIlIII]

. so 90" 1oo 110 120 130 140 150 160
After ME,-sig>3 & A(PW<3 %, mass (GeV/c?)

+ Re-optimize: H;>200 GeV, ME-sig>3, Ap(y4,Y,)<2.8
+ 95% C.L. limits on Neutralino mass and lifetime

+ M(,%)>149 GeV for t(x,°)=0 ns =World’s Best Limit
+ Public Note 9625, to be submitted to PRL
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Search for Anomalous
y+b+j+ME+

arXiv:0905.0231v1
Submitted to PRD
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(b,jet) (GeV)

y+b+j+ME+-Overview

= 200

CDF 85pb™" y+b+E Data l
5[}0 [ LI '| T 1T '| LI | I T 15! T [ TrrT | TTrrT | T T T i // )
i ; ~
450 Data (large dots) .
fand expected
400f background x10 u - .
r a posteriori probability: § ~+ ¢ I -
390 minimum: 1.6% 7.1// .
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. 5.5415:16 ] - .
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% 100 200 300/ 400 500 600 700
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4+ Run | observed hint of
an excess of events

+ SM with ybjME- is very rare <3%
+ Several models beyond SM exist
(e.g., SUSY)
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Anomalous y+b+ ]+ME

4+ Event Selectlon (2 fb1)

- Photon: E;>25 GeV, |n]|<1.1

- 2 jets: ET>15 GeV, [n|<2.0
- -'AR>0.4 for vj,, vi, and j,j,
- ME>25 GeV

- Ad(j,ME;)>0.3

- At least one j is b-tagged by

secondary vertex (SECVTX)

+ Yeaker YHPsake Packgrounds
- Use the CES/CPR method

Ami IIIIIIIIIII l IIIIIIIIIIII |IIII|IIII| IIIIIIII
% - Ent = 636
O
- 60
S [ t.= 0.170 +/-0.079
< s0F f,= 0.596 +/-0.058
o TF .
‘g aof —— bottom
o C charm

30F

20¢

10F

o— Lol Py

0 05 1 15 2 25 3 35 4 45
m(SV)(GeV)

+ vb, yc backgrounds

- Use Heavy Flavor Normalization
- Fit SECVTX mass of tagged jets
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CDF Run || Preliminary 2.0fb"

ybjEE, Search
2
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y+b+j+ME+ kinematics

CDF Run Il Preliminary 2.0 b ybjE; Search

N%j 160 e Data
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g 1
5
u>J .
[ : | Background Uncertainty
400 500 600,
M(bjE,) [GeV/c7]
Data 617
Total Bckg 607+113
fake y 115+73
real y, fake b 141+30
b 341+93
Ve 9+54



Search for Anomalous
Fermiophobic Higgs—yy

arXiv:0905.0413v2
Accepted to PRL
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209 E

bb
Standord Model Higgs

@os E

= 0.8
0.7
L 08

ractio
LRk KL LMY |

T

L) LA AL L

0.1

O:I...I.».l- S iR

N M =

'ggi:i BF(y) < 0.001 \ FermiOphObiC Higgs

60 80 100 120

| + SM prediction H—yy branching
Higgs Moss {GeV/¢”) . :
2 | F po”" fraction is small
“g::: :\ Fermiophobic Higgs (~0'2% at mH~120 GeV)
Sos f \ vz + In “fermiophobic” models, where
i Il N - fermion couplings suppressed,
ags Hoss (Gotre®) boson couplings unaffected
. Wiz + The yy final state dominates at
W low Higgs mass =preferred
VR channel
q < : -
" ccociated Production | + Production dominated by two
— process:
1wz - Associated Production
RO " - Vector Boson Fusion
/'q/‘\\ Exotic Photon Searches at CDF DPF 2009, July 28
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Analysis Overview

. ' 7% | P of Diphoton System
+ Event SeleCtlon (3fb-1) ’\G "’ : CDF Run Il Preliminary
Y > al p :
- Two isolated photons: g " iR Y THA Vor 10 "‘|
S E->15 Gev g ol | = L_[j PYTHIA: h+W/Z (m,=110)
T a 1 ol Central-Central
central-central (|n[<1.1)or £ | b,
c 3 ‘ N
central-forward (1.2<|n|<2.8) “ ™ » fw
- m,.>30 GeV i I U | m
10°g" .510Y1,06 150 200 250 300 350 400 450 500

+ Optimization P" (GeV/c)

- Look for evidence of W/Z: ME+, isolated tracks, P(j,)..

- Simple P+(yy) cut > 75 GeV: Clear winner!

- Reject 99.7% backgrounds (yy, vj, jj), but only 33% signal
- P+(yy) spectrum stable LO to NLO
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o™ 2200F

3 o™ yy Invariant Mass

O
~ 1600}~
N [
~ 1400} . 1
.g 1200f 10h_—>wsearch CDF Run Il Preliminary, 3.0 fb
Y - -
£ 1000f- ~ C
W goof g N Central-Central
600} 3 C
400f- I o C
- CDF Run Il Preliminary ﬁ n
200} ‘
- 2 C
0 . P | PR Y | P N AT P | N 'OE :
0 20 40 60 80 100 120 140 160 T -
m.(.((GeV/cZ) 0:* B ‘ 111 1]
0 100 200 300 400 500
m(yy) (GeV/c?)

+ Signal signature

- H—yy appears as a very 12
. . . . o 101 Central-Forward
narrow peak in m distribution 3 s t
. N 6E- l

- 3% resolution for m, =110 GeV ¢ -
+ m,, distribution in data v o

L % 10 200 300 200 500
- No narrow peaks observed m(yy) (GeV/c?)
- Fit m,, with smooth functions
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. Limits on Fermiophobic Higgs

Fermiophobic h— vy (3.0 fb") Fermiophobic h— yy (3.0 fb")

CDF Run Il Preliminary CDF Run I Préliminary

Br(h —vY)

cxBr(h—vyvy)fb

j’
\g
\

—— Observed limit 10 2 - | —e— Observed limit
10 Benchmark prediction N Benchmark prediction
N Expected limit i Expected linmit
1 1 sigma region i ! sigmaregion
B . ' " 2 sigmaregion
| 2 sigma region - LEP limit
lllllllllllIllllllllllll]llllllllllll -3 llllllllllllllllllllll lllllllllllllll
80 90 100 110 120 130 140 107080 90 100 110 /120 130 140
m .., (GeV/c? m ., (GeV/c?)

+ 95% C.L. mass limit: m,>106 GeV (LEP 109.7GeV)

+ More sensitive to high mass region than LEP
Eunsin Lee Exotic Photon Searches at CDF DPF 2009, July 28
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Conclusions
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Summary

4+ No anomalous excess of events are
- observed with up to 3 fb™

_+Exclude neutralino mass up to 149 GeV
in GMSB model using yy+ME+

+ Exclude Fermiophobic Higgs mass up to
106 GeV

+ Hopefully CDF will find New Exotic
Physics using Photons in the near
future

Eunsin Lee Exotic Photon Searches at CDF DPF 2009, July 28
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BackUp
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E . Resolution Model

- 'MisSi‘hg Transverse Energy (£ ): Transverse
.~ momentum of particles that escape a detector

s real B

+ Detectors not perfect: fake .. can arise due to
energy measurement fluctuations

+ E . Resolution Model (Met Model) is designed to
predict a shape of fake £, and calculate its
significance

+ Assumption: fake [ is only from fluctuations in
energy measurements of jets and unclustered
energy (e.g. multiple interactions)

Eunsin Lee Exotic Photon Searches at CDF DPF 2009, July 28
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E -signi ficance

+ Conventlonal definition: E._. - significance = ZET

+ New definition:

E. - significance = -log,,P(E/" = Ere)

+ Produce P(E.,)of all possible values
of the fake £.. by smearing jets and
unclustered energy

+ For 10,000 events
E, - significance cut>1:~1,000 events pass
E, - significance cut>2 :~100 events pass
E . - significance cut > 3 :~10 events pass

Eunsin Lee Exotic Photon Searches at C
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Prospects for the Future

CDF Run Il Preliminary

TTT T IT T[T I [T T[T I T[T I T [ TTrr[rT111]
Observed exclusion region with w-l-ﬁT and 2.6 fb™ m
---------------- Expected exclusion region with w-i-& and 10 fb™

Observed exclusion region with y+ﬁT+Jet and 570 pb1
Expected exclusion region with y+$ +Jetand 2fb"
+  Expected exclusion region with y+ﬂ +Jet and 10 fb™

© ALEPH exclusion limit
Cosmology favored region with 0.5 < M < 1.5 keV/c?

N
o

(3]
o

g 40 GMSBx —>yG
o o M,,=2A, tan(B)=1 5]
_g N,=1,u>0
2301 .
[ < ’
20 "";’7/ —_
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o apabspra Pt 1‘| I |'|'T‘l"."l"l"l"l']'I'I'."."rl Ll

x‘: mass (GeV/c?)
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90 100 110 120 130 140 150 160 170

Exotic Photon Searches at CDF

+ For high luminosity we
calculate the cross section
limits assuming:

- all backgrounds scale
linearly with luminosity

- their uncertainty fractions
remain constant

+ yy+ E, : will extend mass

limits up to 160 GeV with
10 fb'

+ The next generation
delayed photon analysis
will cover up high lifetime
region

DPF 2009, July 28



ackground: ¥rer ¥*+brare

+ Use the CES/CPR method:
Discriminate between real single y
and yy from n® decay

+ For E{<35 GeV use CES

- used to measure shower shape
+ For E;>35 GeV use CPR

- used to count photon conversion

hoton
. N /',o Background with fake y: apply
CPR (Central Pre-shower Radiator) reverse CES/ CPR methOd

CES (Central EM Shower Max Detector) Background W-Ith real Y) fake b: apply

BB CES/CPR and a j mis-b-tag
jet<p [0~ YI> 3 probability, before b-tagging

Eunsin Lee Exotic Photon Searches at CDF DPF 2009, July 28
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Events /(0.1 GeV)

Backgrounds: yb, yc

S AR AAAAL MMM AAAAL AAAAARAAN RAASS AAAAS AAAS AAAM

B

> '_b":ttr: ‘ + vb, yc backgrounds

3 W g + Use Heavy Flavor Normalization
20 4 + MadGraph+PYTHIA yb, yc

10 ‘ hsi | + Fit SECVTX mass of tagged jets
oLl - erea il 2

i T Py
0 05 1 15 2 25 3 3. 4 45 b5
m(SV) (GeV)

+ yb normalization

- Find b fraction, adjusting b fractions in fake y sample
weighted by CES/CPR method

- Apply MC efficiency to sighal region
+ yc normalization
- Do not have a realistic enough MC efficiency
- Simply fit the SECVTX mass in the signal region

Eunsin Lee Exotic Photon Searches at CDF DPF 2009, July 28
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