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| “ioble Sevenfold Path” OF High Py Physics

Wikipedia: “The Noble Eightfold Path,

in the teachings of the Buddha, is used
jet as an instrument of discovery to
gradually generate insights unveiling
the ultimate truth of things”

b-jet

P}/ Photon is one of seven
objects at colliders

MET
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B NewPhysicswithPhotons 8

Compositeness Technicolor

ey, vy, i+, y+bb,y+jj, y+tt, vyy,
bb-+y, jj+yy, bb+yy [I+yy, U+yy+ME;

4t generation
vy+bb, l[[+y+bb,
Jj+Yyy+bb

There is no deficit of models!!

SUSY
YW+MEL, yy+I+ME |, yy+j+ME,,
Higgs [+y+ME , y+b+ME |, y+bj+ME
v, 4y, [+Hyy+ME, Y+bc+ME, y+jj+ME, y+l[+ME,
YY+ME-+, 17+, YY+YY displaced y+X, y+ME, jj+y+ME; Extra Dimensions
Y, YME
Yy+n*/+ME

[ ]
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oton Production at Teva

Tevatron Run I, pp at s = 1.96 TeV

'_1010
8 {Jets Y
=10°] = o CDF Preliminary
=, 2 Heavy Flavor s CDF Published
g 10 o M Theory
)
? 10
2 108 @ QCD > QED > EWK
s > Photons are 2" most
510° w : :
hs s 7 frequent objects after jets
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o 3
o 103

10 1 Wy Zy

10?4 Bie New
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y Surprises with Photo

Run I eeyyEr (107° expected, 1 observed)

e Candidate

55 GeV

ET=

7.6+£0.7 expected, 16 observed, 2.7c

Run I ¢y Fp
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-hoton Searches in This Ta-

Signatures
with MET

\ "0 yy+X (X=MET, I)
| o Exclusive y+MET

Signatures
0 y+b+j+MET+X with leptons

0 Y+b+/+MET+X

—

Signatures
with b-quarks
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80.00

Tevatron

Collider Run Il Integrated Luminosity
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Results in this talk are
based on 1-3 fb! of data

Weekly Integrated Luminosity (pb)

0.00

03/27/09

8
3
8
Run Integrated Luminosity (pb™)

il
a0 -

1256 155 185 2156 245 275 305 335 365 395

Week #
(Week 1 starts 03/05/01)

35 65

| = \Veekly Integrated Luminosity —e—Run Integrated Luminosity |

Many thanks to our colleagues from the Accelerator
Division for being so luminous and providing us with data
for our pursuit to shed light on the ultimate truth about
laws of Nature !!
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B coFRuniiDetecor N

[Muon Chambers]

[Wire Chamber (COT):

1.4 T Superconducting Solenoid
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B conceptotphoonio T

o Photon signature

— “Compact” EM cluster: shower contained in EM CAL
— No electric charge: no track (unlike electron)
— No color charge: unlike n° in jets, photon is isolated object
CP2: pre-shower CES: shower maximum profile -
directy’s

Signal SAE

EM Cal HAD Cal

0/0_s
Background L g0t

(inside jets)
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Conversions

| Photon Conversion Rate vs. 1 |

CDF Run Il Preliminary

0.35

Conversion Rate
o
w

0.25—
0.2
0.15—
0.1
0.05—
: L | | 1 I | 1 1 | | 1 1 L | I 1 | | 1 I | | | 1 I | 1 1 |
-3 -2 -1 0 1 2 3
n

o ~15% (~30%) central (forward) photons convert to e*e-

— Conversions are not currently used in photon analyses at CDF

— CDF has only one Run | measurement using converted photons
Phys. Rev. D70, 074008 (2004)
e
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B checkustForphotons T

o What do you need in order to do an analysis with photons?
— Photon ID efficiency & acceptance
— Photon purity & background subtraction
— Fake rates
— Anything else?...

R SRS B VTR E
|

- W . .
'~ Shopping list

Bananas &
=) Bread
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Photon ID Efficiency

CDF Il preliminary J- Ldt=24fb"

2200
2000
1800
1600

A m§? =20 MeV /c? © data

N 2200
S =
()] -
© é— 2/dof = 44 | 37
S 14005 o
3 0 o Method
2 ggg; — MC for E; dependence
o0 — Data/MC scale factor:
% 75 80 8 90 95 100 105 110 « 7—se*e in data and MC
m,.. (GeV/c?)
Tagged
electron
_ Efficiency of
q »Le— (q photon ID
N Central: ~86%
\4 Probe Forward: ~76%
clectron
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- Backgrounds in Photon -

0 Searches in y+X+Y+Z+... or yy+X...

o “Physics” backgrounds

— SM processes where all experimental signatures (y,X,Y,Z...) are genuine
« from MC (LO—NLO k-factors)
« Normalization: oxLumi or data-based (control samples)

o “Instrumental” backgrounds (“fakes”)

— At least one of experimental signatures is faked by object from SM
process with larger x-section: e.g., jet—y
 From data
» Fake rates; photon purity

o Non-collision backgrounds
— “Cosmics”: muons from cosmic rays faking photon

— “Beam Halo”: muons produced by beam halo faking photon
 From data

[ ]
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Search for Anomalous
Production of yy+X
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- for Anomalous Production -

o Why yy+X?

. SUSY . +E., yv+ jets+ E., yv+ I+ E
o Why model-independent? Ao W) o VY 1

Technicolor: yy+ I, yy+ I+ E,
Higgs: yy+ E, ,yy+1+ FE,
UED6DSM):yy+ m* 1+ E,

o LO diagrams for SM di-photon production: leading
background for many yy+X searches

q' \VAVAVAY; g VAVAY/
v g T

Y A Y
3 Y 9 Y
«— NN QQQ  In A\
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-X Search: Analysis Overvl-

Same backgrounds:

Three analyses in one: "QCD" (v, vj, ij)
X=MET, e/u, 1 EWK (W/Z+y/yy)

Non-collision (for X=MET)

Results: Signal region
Comparison of data & 2 central photons
background predictions (event E-(y)>13 GeV
count; kinematic distributions) ~30% pure vy
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ET Problem in W-I-MET-

Pythia

Yy events Baur W+y— ev+y events
T L] 1] I Ll T

" B B B A A L B LN NN R B R B AL A B B S g

Example of fake MET

Arbitrary Units
Arbitrary Units
=)

-
o
N

1 llllllll 1 llllll]l 1 llll]ll[

-
(=]

°:I'TT?|.b T ||||ll'l| T

llllll.lllll
100 120 140

o MET distribution in yy events is dominated by regular “QCD” events
with fake MET

o MC is not reliable in modeling multi-jet events:
— not accurate description of fake MET

o How do you distinguish events with true & fake MET?
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Met Resolution Model

Example of jet energy resolution

E"‘”/E"“ 1.0, o 4<hfde,|<o 6 and 100<E'°‘<1 05
S 19" ECDF Run I Preliminary g mmm
g2 F Qe o
!Vll.s-measurements & ool e 2 | | | Obtain jet energy
In jet energy are 1| | resolution as
leadin - - . -
g source of ok | | | function of Ei*t & n
fake MET e 3
1 E— _E
1073 05 0 05 Fdet/Rtrue_]
o Predicting fake MET o Select events with true MET
— Smear jets & soft particles in yy — Use MET-significance to select
events according to energy with true MET
resolution — Calculate MET-significance based

on event configuration & known
energy resolution
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& MET-significance in yy

CDF Run Il Preliminary,y«;(-'-x,2fb'1
LA LA B L B B B

CDF Run Il Preliminary, yy+X, 2 fb™
rrrrrTrTT T TTrTT rrrrTrTrrTTrTTT

> 105 E&- 7T | T T 7T | | T T | 171 | L | L ﬂ wn 5 T
[ = 3 > 10
© r e Data 3 % . ga‘t(a %:
210y Bck 2 N [ Bckgio 3
Pl [ Bckgeoy,, E 5100 — acd (@i gy -
= —— QCD (fake &) g Q T E
c C 3 w EW e EWK (real ;) 3
S0 :-% 0 EWK (real &) - 10° -:=-=:= Non-collision ]
w E % e Non-collision E —— Fake &, only =
N . ]
10 3 E 10? E
.. E 10 ~
E 1 -

10"

IR R AT | P P TN E A B
180 200 0 2 4 6 8 10 12 14 16 18 20
E;, GeV E;-significance

U

0 120 140 160

o Select events with MET-significance >3, 4, 5 in 2 fb-' of data
— Suppress QCD by 3, 4, 5 orders of magnitude
o Backgrounds
— QCD with fake MET (yy, vj, jj): from data
— EWK with true MET (W/Z+y, W/Z+jet, Z—=tt—Y,V1ake): from MC (normalized to data)

— Non-collision (Beam Halo, Cosmics): from data (events out of time collision time)
[ s
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B Jy+MET: MET Distribution

CDF Run Il Preliminary,

Baur Wy— e+v+y sample
T T T I T T T T T T

Events with §,-sign>3.0

----- Events with E;-sign>4.0
------- Events with E,-sign>5.0

Efficiency of g -significance cut/5 GeV
o
o«

lllllllllllllllllllIIIIIIIII

lll|ll||lll|l|||;_|IIlIl|III|I

o Efficiency of MET-significance cut for
events with true MET (e.g., Wy—evy)

03/27/09

CDF Run Il Preliminary, yy+X, 2 fb™
L L B B L NN L B

Efficiency
for Wy—evy

MetSig>3.0

MetSig>4.0

MetSig>5.0

84%

74%

67%

Sasha Pronko, Wine & Cheese Seminar, Fermilab

Note! Almost no QCD
even at MET~20-30 GeV!

> : T | T T T | T T T I:
v ]
(U] C « Data -
i 3 Bckgto,,, 7
3 1 —— QCD (fake §,)
g0= ;b EWK (real ;) =
A S il Non-collision .
wor ,-significance>5.0 N
1 -
107 =
10-2 ﬁ H

140 160 180 200
E,, GeV

20



CDF Run Il Preliminary, 1y+X, 2 b , _CDF Run Il Preliminary, yy+X, 2 fb”
N, FTTT T T 3 > 10 g T T g
% - s Data ] o - N ga't(a 3
o [ o S g, 1F 8 f — :
s EWK (real ;) = Laobphg 0000000 e EWK (real ;) —
€ Ele s Non-collision = ] = ==== Non-collision 3
3 §,-significance>5.0 . o F §,-significance>5.0 .
i 10.2_._.;..1. EE A |....|,,.,...1...J_
0 100 200 300 400 600 700 800 900 1000
H,, GeV
M., H,=E,(y1)+E;(y2)+MET+...

o M, andH; MetSig>3.0 | MetSig>4.0 | MetSig>5.0
distributions after Background | 67.9+7.5 35.8+3.0 27.3+2.3
MET-sig>5 cut Data, 2 fb" 82 31 23

EWK 47 % 75% 84%
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imits on GMSEB in yy+M

Events per 10 GeV

vy +; analysis in GMSB CDF Run Il Preliminary, 2 fb" CDF Run Il Preliminary 2 fb'1

EIIIIIIIIIII'IIIIIIIIIIIIIIIIIIIIE ?25IIIIIIlEIlllllllll!ll:llIllIIIIIIIlIIIIlIIIIIIII_I_
- ——— Data ) ] £ Expected exclusion region with yy+§_analysis with 2 fb! .

10? = 5 gr\(/i?vmﬂ:ef:lk; ¥ = [ Observed exclusion region with yy+gT analysis with 2 fb™
= [  Non-collision T = :g Observed exclusion region with 7+BT+Jet analysis with 570 pb" -
10 hy t....1l.1% GMSBsignal N £ 20 ALEPH exclusion limit —
? ] i? mass=140 GeV, lifetime=0 ns § g_.. . Cosmology favored region with 1.0 < G mass < 1.5 keV/c? _
1 - i
= = 15 B
10-1§_ - l-"".'..- _§ -
= 3 10 7
10-2_ |....|....|:'.|I': !:;._ -
¢ 300 400 500 600 —
H; (GeV) . _
H,=E;(y1)+E;(y2)+MET+... ; .
After MET-sig>3 & A(Pw<3 _Y !
1111 I 1111 I 111 i I | | l | | I 1111 m L1111 | L1l I L1l l—

90 80 90 100 110 120 130 140 150 160 170

o Based on results of yy+MET analysis %, mass (GeVic?)

— 3D optimization: MET-sig, Hr, A¢,, 5" 959, CL limits in neutralino mass
o Gauge-Mediated SUSY Breaking & lifetime plane

— Snowmass Slope constraint (SPS-8) — Neutranilo mass>138 GeV/c2

— Signal acceptance: 9.2%+1.7%
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rch for Anomalous

> _I TTT I TTT ISIeIﬂII'IclrIII IfRII'I’IY’IYI I+I| *’I l% I=II‘IEI TTT | TTTT E 0.06 — - “‘.I | CIDIFIRIu;‘ l" b;e;i&‘iln;rly | &d1l4 lpbl.1l ) I l_:
) L _&DF Run Il Preliminary 2014 pb'1 i @ )
(V) 25"_ ] Ke] C Trigger Sample 1
Te} L = Standard Model _ 2 0.05— — — Tower>5 GeV —
B+ || - E C —— Jet Et>20 GeV N
c r s N —— Jet Et>50 GeV ]
o 20— — S50.04— —— Jet Et>70 GeV —
> - =} C i
11} - L) C
B 2 0.03
15 N - o C
C o C
- 0.02—
10 N ] C
- 0.01
5 — r T Hprrptlans
— 0lIIIIIlIIIIlIIIIIIIIIIIIIIIII
B 0 20 40 60 80 100 120 140
C ] Tau Et (Gev)
0
0 10 20 30 40 50 60 70 80 90 100

Tau Et (GeV)

jet—t fake rate from di-jet events

o Visible "hadronic” tau E;>15 GeV Data, 2 fb-! 40

o Backgrounds
— “Instrumental”: yy+(jet— fake)
» yytjet x fake rate
— “Physics”: Wyy or Zyy “Physics” 2.2+1.0

[ ]
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Search

foryy+X X—'c

for Anomalous yy+t: Kine

Search foryy + X, X= T

HT g 182 CDJ’ Run h Prellmmary 2014 pb E N§ C o CDF Run II Prellmknary 2014 pb T M
o E — Standard Modelf 8 12:— — Standard Model_: ’Y’Y
% 16 E w [ [] ]
—; 5 [ -
@ 120 3 S g | | E
E ] > O
100 = wot
8- : SF g
43 | E 4 ] ]
4= - - -
25 jri I i ; 22 = ]
cE.. v b b b baa a1l ] ej"-| | R B AR A
0 50 100 150 200 250 300 350 400 0 20 40 60 80 100 120 140
Ht (GeV) vy Mass (GeVIc )
_ Search for 1 + X X =1 Search for 1, + X X =1
% 22— éDF Run II Prellmmary 2014 plb1 " —: ‘-2 SRR (lDF l{un ] Prellmmary 2014 plb1 " :
(O] FE 1 ] B .
0 20;‘ =—— Standard Model :>: 30:_ =—— Standard Model
218 = 25F ]
3 16;— — -
14 E 200 .
120 | | | : . ]
10- | 15[ A
8- = . ]
6# 3 10 .
T g . T -f
E|||||||||||||||||||*_+_ : E :|||||||||||||||||||||||||||||‘||||I|||| d
MET  %"'5"10"45"20 25 30 35 40 45 50 8500515225335 445 N, (E>15 GeV)
Missing Et (GeV) N Jets, Et>15 GeV J€
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-for Anomalous yy+e/p in 1 tb'-

o Central or forward electron with E;>20 GeV

o Central muon with P:>20 GeV

o Backgrounds
— “Physics”: Wyy+Zyy
— "“Instrumental”

P ° v+lepton+(ele—fake y) : dominant for yy+e

e yy+fake lepton
e yv+lepton+jet—fakey

N 4
o Fake rate e—y

— MCfor E; and n dependences

— MC-to-Data normalization from Z’s
(e+y and e*e” events)

e— vy rate in each 4 GeV bin

7/ ndf 24.41/15
Prob 0.05846

0.03+
0.0251
0.02-
0.0151
0.014
0.0051

Drell-Yan MC
y= ep0+p1x_'_p2

po -2.991£0.143
p1 -0.04524+ 0.00773
p2 0.007234 + 0.001453

o

20 30 40

.

50 60 7
Electron E; [GeV]

1

03/27/09 Sasha Pronko, Wine & Cheese Seminar, Fermilab
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CDF Run Il Preliminary 1015-1100 pb’’

vy +e Search

Events per 20 GeV/c’

CDF Run Il Preliminary 1015-1100 pb'1

vy +e Search

Candidates per 10 GeV/c

E.(e) [GeV/c]

r Anomalous yy+e/n

4___CDF Run Il Preliminary

1015-1100 pb”’

Events per 20 GeV

vy + e Search

Ht [GeV]

Data, 1 fb-1 3 0
Total Bckg 6.82%0.75 0.79%0.11
“Physics” 16% 81%
v++(e—y) 75% 2%

03/27/09 Sasha Pronko, Wine & Cheese Seminar, Fermilab
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03/27/09

Search for Fermiophobic
Higgs in yy+X
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r Fermiophobic Higgs i

o Fermiophobic Higgs o Analysis Overview: 3 fb-' of data
— Top-color models — Two isolated central-central (CC)
— LED theories or central-forward (CF) photons

— Photon E{>15 GeV; M, >30 GeV
— Optimization: P(yy)>75 GeV

q w/zZ

W/Z
N
— AN
q N h

P, of Diphoton System

CDF Run Il Preliminary

-_
Q
-

PYTHIA: Background (y y)
——— PYTHIA: VBF (m,=110)
—— PYTHIA: h+W/Z (m,=110)

a itﬁ_‘_’ Central-Central

10°} iﬂ HF‘
W - W
7 10'5_lxlxlllllllll | | | | FEFErS BETAY

0 50 100 150 200 250 300 350 400 450 500
P;" (GeV/c)

102}

10°

Entries /10 (GeV/c)
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H—yy+X: Di-photon Invari

of, 2200 h— yy search CDF Run Il Preliminary, 3.0 b’
S 2000 Simulation : h—yy, m=110 n 10¢
& 1800F- Central - Central L 8F Central-Central
S
=~ 1600[- 3 :
N 6
~ 1400} g E
3 1200F e 4
- - o
£ 1000} & 2F
W soof- S R | o ) A
600} 100 200 3002) 300 500
400} - m(yy) (GeV/c
- CDF Run Il Preliminary
200} ‘ \
-, . . ! ., .4, .. ], . .|, AP TR B ]
% 20 40 60 80 100 120 140 160 1‘E
10}

m (GeV/cz)

Central-Forward

Signal signature: narrow peak
3% resolution for M,;~=110 GeV/c?

Entries/2 GeV/c?
s> o
T I LI |

N
T[T

200 300
m(yy) (GeV/c?)

o) deistributions In data:
— No narrow peaks observed
— Fit I\/Iwwith smooth function
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- on Fermiophobic Higgs in l-l-

Fermiophobic h—vy y (3.0 fb™)

—
LA

CDF Run Il Preliminary

Br(h—1yy)

-t

(=]

—
\~‘~ \
!

10%F

- | —*— Observed limit
Benchmark prediction
Expected limit
1 sigma region
2 sigma region
== LEP limit

-3 lIIlIIIIIIIIlIIIlIIIlIlIIlIIIlIIIlIIII
1070 80 90 100 110 120 130 140

m, ., (GeV/c?)

o CDF 95% CL limit: M, ,>106 GeV/c?
— Signal acceptance for M,=100 GeV/c?: ~5%(4%) for CC(CF) events
— Dominant uncertainties: 6% lumi; 4% ISR/FSR; 4% modeling of P(yy)
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B semenvorex

o yy+MET analysis:
— Data agree with SM predictions

— Met Resolution Model is effective tool for rejecting fake MET events
— Best limits on GMSB for short lived lightest neutralinos: M >138 GeV

o yytt & yy+e/u analysis:
— Data agree with SM predictions

o Fermiophobic Higgs
— 95% CL limit: M,,>106 GeV/c?

o No anomalies are observed with up to 3 fb-! of data
— No new yy+ee+MET type events
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Search for Anomalous
Production of
Exclusive y+MET
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B exclusiverrmer

o Models with exclusive y+MET signature New invisible
— Large Extra Dimensions (ADD): g+g — G + ¥ particle v
— Anomalous Zy coupling P

— Heavy right-handed neutrinos

"~

T T | T T T | T T T | T T T I T T T I T T T | 1
CDF Run Il Preliminary, 2.0 6" 7 photon

Zy, Z—vv
[ Woelut—>y
0 yy, losty

=wama | O Analysis in 2 fb!
“i@ o __ — E(y)>50 GeV; MET>50 GeV;
] é/ 0 /, — Veto jet E;>15 GeV
| = _ Veto track P->10 GeV
40 60 80 100 120 140 160 180 »>180 — Require at least 3 tracks
— Optimize for LED: E{(y)>90 GeV

-
o

!'H—H—H_U_\WTH_H'H'”—W [

Events/Bin

100 120 140 160 180 >180
Photon E; (GeV)
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- v+MET: Removing Non-

Events/0.25 ns
3
T

W—ev events ) Beam Halo
N Cosmic events
3 T T -el. '.‘| T a6l .
_' e *#wm—t,ayﬁfaﬁ##’ﬁw&&w ’*m | 2 10 i
— 2 i oy ] o ! :
N g #Ii 'T# mw‘? ’ ) -
| E IHTH 1l ;ou i t *r: ;
> J L : : D hh b |
—_ uoll 1of_|[ |T||l ||—5 g ° ﬁﬁ f||\|HI+ fF 'Hﬂr H#ﬁf ]
T TN
i ‘ § I | i \ i M
S0 O L U T i IT,|<3.2 ns A L Hl -
-15 -10 -5 0 5 10 15 -60 -4 20 0 20 40 60 80 100 120
teorr (NS) 1 ’ >| |€ teor (ns)
EM timing resolution: R I T R T

True vertex: 6~0.7 ns
Wrong vertex: 6~1.9 ns

tCOI’I’ (ns)

o New EM-timing system (installed in 2004) is critical for effective
non-collision background rejection !!
— |T,|<3.2 ns; track requirements
— Multivariate discriminator: train on y+jet and out-of-time cosmic events
— Cosmic rejection: x600

03/27/09
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-Exclusive v+MET: Resu

E;™>50 GeV | E;>90 GeV | 1@FF  COF Aunl Preiminary, 201" —
Data 280 40 ' -?falzzfﬂ §
Total Bekg | 280.5+15.7 | 46.3£3.0 | 5§ | =2 o
Zy—>vvy 35.6% 549% % 1ol — ADD n=4 m=0.8 TeV
W(e/t—Y) 24.7% 7.7% O
Wy (lost e/ju) 21% 11% ' 7
cosmics 13% 21% B s
yy— (lost y) 6.6% 4.9% "580 80 100 120 140 160 180

Missing E; (GeV)

o Estimation of EWK backgrounds
— “Physics”: Zy—vvy; Wy (lost e/p); yy—y (lost y)
* Wy & yy backgrounds normalized to data
— “Instrumental”. W(e/t—v): e—y fake rate
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I ecclsiveysmer Limits ontep T

y [ ;| I ——— CDF Run Il Preliminary  _|

W CDF Jetly + .
— CDF y +F; (20f7) ]
B CDF Jet +F, (1.1b7) ]
---- LEP Combined

RN
SN

M, Lower Limit (TeV)
0

2 3 4 5 6
Number of Extra Dimensions

o Combined with exclusive jet+MET analysis to set limits on LED:
— Published in PRL 101, 181602 (2008)
— Signal acceptance for y+MET analysis: ~7.3%
— Leading systematics for y+MET analysis: 5.7% from signal acceptance
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Search for Anomalous
Production of y+b+j+MET
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B yejet+b+MET: Analysis Overview

o Gauge-Mediated SUSY models

highly suppressed

— Renewed interest motivated by Run | ee+yy+MET event
%% = (vl )(i0) = (va' b)) = (vb ek, )
o Technicolor models, but without MET
o SM processes (e.g., tty) with true y+j+b+MET signature are

o Event selection in 2 fb-’
— Central photon E;>25 GeV
— 2 jets: E:>15 GeV & |n|<2
— MET>25 GeV
— Ao(jet, MET)>0.3
— At least 1 b-tag (SecVtx)

Background categories

Real vy Fake y
Real b-tag A B
Fake b-tag C D
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-y+jet+b+MET: Background-

Background A:

 MadGraph MC: y+b+jets, y+ctjets

» Normalized based on photon purity &

heavy flavor (c,b-quarks) fractions

Real y Fake y
Real b-tag A B
Fake b-tag C D

Background C.:

» y+jet+jet x mis-tag rate
» Subtract fake photon contribution

Entries = 636

f.= 0.170 +-0.079
t,= 0.596 +-0.058

Events /(0.1 GeV)

—— bottom
—— charm
— light

8 8 8§ 8 8 J

jury
o O

4 45 5
m(SV) (GeV)

Backgrounds B & D:

» Fake photon subtraction
» Photon purity: 81%x12%
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§ cP2(Preshower) Detector

o CP2 upgraded old CPR-detector in 2004

— Scintillator pads efficiently detect MIPs
» Used to count photon conversions

— Design optimized for higher luminosity

CP2 location:
R=170.47 cm

\ Preshower

Crack

Calorimetry
Modules
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B erooneuy

CP2: pre-shower

: : : : g o Two photons have
.................... N P - ...... — . S hlgher Convel’SlOn
oo e probability than one
photon
— Signal: g5,~ 65%;
— Background: g, ,,~ 85%

~ —=— CES: ¢ph1cp2 (PHOTON_251SQ)
. .................... . ............. +CPZ:CdipcpZ(PHOTON_‘]O]SO)
R S— o2 CP2:.cph1cp2 (PHOTON..251SO

Prompt photon fraction

20 40 60 80 100 120 140
E;(y) [GeV]
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CDF Run Il Preliminary 2.0 fb™

ybjE; Search

+MET: Kinematic Distrib

S CDF Run Il Preliminary 2.0 fo ybjE; Search
15 S 160 .« Data
& 3
= 8 :l Fake y, Real+fake b
; 5 B Real v, Fake b
2 -
C
. : I
L
[:] Background Uncertainty
400 ; 700 7400 500 _ 600,
Er(y)+Z E;()+E: [GeV] & Data: 617 M(bjE) [GeV/cT]
. + - -1 .
CDF Run Il Preliminary 2.0fb"  ybj§, Search BCkg' 63741 %9 CDF Run Il Preliminary 2.0 fb ybjE; Search
« C 9
% 1405- e Data % e Data
& 120F [T Fakey, Real+fake b © || Fakey, Real+fake b
o] C ' o
S 100F B Real v, Fake b = Bl Realv. Fake b
8 ok g
5 b I s B
& oF [ s [
40;' || Background Uncertainty || Background Uncertainty
2o A
0 o Ea € ' 600 700
100 200 300 400 500 600 700 800
M(ybj) [GeV/c?] M, [GeVicT]
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Search for Anomalous
Production of y+|+b+MET
And SM tt+y
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EEERET: Avalysis SRR

o Why is it interesting?
— Extension of y+I+MET+X search: PRD 75, 112001 (2007)
— Signature with b- & t-quarks, and two gauge bosons: y & W
— tty: control sample for ttH (at LHC)

10*

2 | W Iv(CDFRunli
Event Selection for 1.9 fb-’ B 10 W > Iv (Theory)
Z — Il (CDF Run ll)
o y++b+MET - | Z 5 Il (Theory)
— Central photon: E+(y)>10 GeV )
— Central lepton (I=e,p): E{(1)>20 GeV 1ol " (COF RunD tt (Theory)
— b-tagged jet: E;(jet)>15 GeV 1
— MET>20 GeV tty (CDF Run Il Preliminary)
o tty: yHH+D+MET+H +3] ok e
— H>200 GeV

— At least 3 more jets E;(jet)>15 GeV
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B ebeMET: Results

ety+b+MET | p+y+b+MET | (e+p)+y+b+MET
Total bckg 16.8+2.2 11.1%£1.7 27.9%1.7
Data 16 12 28
w7 GBF Al i Peimiary 19 o A A
3 e 3 | (e+u)*r+b+MET
Sio ey | S tt+y 21%
€8 whtistags | © :
S s acs” | & “Physics” 11%
W 4 w
: | | “Instrumental” 68%
20 40 60 80 100 120 140 160 180 20( 20 40 60 80 100 120 140 160
Lepton E; (GeV) E; (GeV)
> [
Q
o
g 8
3
- 2
0

20 40 60_80 100 120 140 160 180 20 40 60 80 100 120 140 160 180 200
B-jet E; (GeV) Photon E; (GeV)
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- tt+y: Results

T COF Run i Preliminary 19 %" ] T
12:' ; Qata(e-:-u)-: > 8f
10} IWZ ] 8 !
o | —— Wy+HF 6
T 8f 1y fake s
Q | e fakey -2
> 6f Mjet fakes | @ af
I WMistags | € 3t
af aco” | 973
2t Y
"2 4 6 8 10 %0 250 300 350 400 450 500
N Jets H; (GeV)
CDF Run II Preliminary, 1.9fb! 0 SM tt+y:
tty tty(e)  tty(p) | tty(e+ ) 6=0.080+0.011 pb
Predicted | 6.7 £ L4(tot) 4.47y3(tot) 11.1733(tot) o Measured tt+y:
Observed 8 8 16 6=0.15+0.08 pb

o0 If no SM tt+y:

— 1% (2.30) to observe
16 events
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tt+y Candidate

El =12 GeV
68 GeV
= 20GeV
b _ q o
E7 = 3¢ “Lego” n-¢ view
39 GeV Er =68 GeV

E. =20 GeV
=12 GeV

EP =54 GeV
Run 193396 Event 1050006, Hr = 292GeV

SISO
o \‘.““«“‘
“‘ng‘s:

. Do

R-@ view

SRS S
S
SOSSooS

ER =33 GeV

Ht = 292 GeV
Run 193396 Event 1050006
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-nary of Photon Searches -

Compositeness

Uy, Ly, 13+,
bb+y, jj+yy, bb+yy

4th generation Technicolor
vY+bb, l[+y+bb, v+bb,y+]], Y+t yyY,
Jj+Yy+bb [+yy, lI4+yy+ME;

o Five analyses probed many models
— yy+X (X=MET, ])
— fermiophobic Higgs
— Exclusive y+MET

— y+b+j+MET+X
— y+b+/[+MET+X
o No anomalies are observed with up to 3 fb* of data
SUSY
YWW+ME, yy+I+ME |, yy+j+ME ,
Higgs [+y+ME , y+b+ME, y+bj+ME Extra Dimensions
Y, U4y, [+yy+MEr, v+bc+ME, y+jj+MEy, y+lI+ME., Y, YME
YY+MEq, JJ 47, yy+yY displaced y+X, y+ME., jj+y+ME; vy+n*+ME
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B concuwon

o CDF has very rich program of searches for new
physics in final states with photons
— Many signatures and models are investigated
— New techniques developed and applied
— Unfortunately, no signs of new physics... just yet

o Physics with photons is both fun and challenging
— LHC experiments should be prepared for surprises

o More interesting times are still ahead !!
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First LHC “Discovery” in yy+MET

Typical Beam Halo event mimicking yy+MET signature
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