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fold Path” Of High

Wikipedia: “The Noble Eightfold Path, in the teachings of the Buddha, is used as an
instrument of discovery to gradually generate insights unveiling the ultimate truth of things”

b-jet

D Photon is one of
seven objects at
colliders

@ QCD > QED > EWK

> photons second most
frequent objects
after jets
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w" Physics with Pho

There is no deficit of models or signatures!!

o SUSY
x°;—YG yY+ME,, displaced y+X, yy+j+ME,, [+y+ME, y+b+ME, y+bj+ME.,
x°—>vx°, y+be+ME, y+jj+ME |, y+IHME, yy+II+ME, y+ME,, jj+y+ME

o Technicolor
W Py ™Y Ty
T+—>YY

o Compositeness
f*—)Yf ll+'Y, ll+'Y'Y, jj"'Y, bb+Y9 jj+YY9 bb+YY

o Extra Dimensions
UED (6DsM)  Tr+nHME;

o Higgs

H—syy, A—yy YYs » Uy, yy+MEq, yy+MEc, jj+yy, Yy+yy

o 4™ generation -
b'—yb Yy+bb, ll+y+bb, jj+yy+bb

y+bb,y+jj, y+tt, vyy, U+yy, H+yy+ME,
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Compton Scattering

q Y oq g
QQ Annihilation

Leading Order Processes Yielding Direct Photons

o Prompt y's come unaltered (by
fragmentation/hadronization) from
hard scattering

Well known coupling to quarks

Well measured (unlike jets) P

Can be used to constrain gluon PDFs
o(y)/o(jets) ~ 10-3 — challenging
measurement

o O O O

- Dominant background: n%/m from jets

o X-section measurements
Inclusive photon
Photon+jets
Photon+H.F.(c/b- jet)
Photon+bb

Inclusive di-photon

Z/W +photon

fractional contribution

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

inclusive photon cross section 0O<|n| <0.2

partonic subprocesses

qq
(all quark/anti-quark
subprocesses)

99

g9

e —)

50 100 150 200 250 300
pr/ GeV

10/28/08 Sasha Pronko, HEP seminar, Univ. of Pennsylvania 4



o 36x36 bunches

o Collisions every 396 ns

o Proton-antiproton
collisions at Vs=1.96 TeV

Weekly Integrated Luminosity (pb™')
- N w ey o

o Tevatron running well

- 5 fb-! per experiment

- ~1.6 fb-! in FYO8

- Current rate: ~50 pb-! per week
- Goal by 2009: 5-8 fb-!

- Running till 2010?

Collider Run Il Integrated Luminosity

UUUUUU

| H

il |
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il
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(Week 1 st rt ns:o )
| Weekdy Integrated Luminosity —— Run Integrated Luminosity |

i
..m.ufllfﬁliuﬁ'ln'muHHHHHHH\IHMI\HHHMH\HHHHIH\H\IIUIHH\HH\HHT .

sity (pb™)

Run Integrated Lumino
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- CDF Run II Detector -

[Muon Chambers]

[Wire Chamber (COT):

1.4 T Superconducting Solenoid
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in Central EM Calori

Thickness 18 X, I
Absorber Lead
Scintillator Polystyrene (SCSN-38)

Shower Max (CES) | R=184 cm; depth=5.9 X,

Energy resolution | 13.5%/+E

Position resolution | +2 mm

CES chamber:
one per wedge

Perpendicular distance
to beamline 184 cm l

Chamber section 1 6.2 cm< |z| <1212 em !
Wire readout ‘

(ganged n pairs) 32 pairs x 1.45 em
Strip readout 69 strips x 1.67 cm |

Chamber section 2 121.2 ecm< |z| <239.6 cm |
Wire readout

(ganged in pairs) 32 pairs x 1.45 em
Strip readout 59 strips x 2.01 cm

Detector

[n|] range

CEM

0-1.1

RIGHT

e LIGHT
. CANDES
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CP2 (Preshower) Detector

o CP2 replaced old CPR in 2004
- Scintillator pads efficiently detect MIPs
- Design optimized for higher luminosity

CP2 location: R=170.47 cm

\ Preshower

Crack

Calorimetry
Modules
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Plug Electromagnetic Calorimeter

Detector In| range Ad An (PEM) 15° megatlles
PEM megatile and plug segmentation
1.1-1.8 7.5° ~0.1 - H
FE 18-21 | 75 | ~0.16 R
I .
2.1-3.64 15° 0.2-0.6 L
OE
o
o L
Thickness 21 Xy, I 00
Absorber Lead
Scintillator Polystyrene (SCSN38)
Plug Shower max detector (PES) Qpieal
Shower' Max (PES) Z~184 Cm: depTh"’é XO Scintillator - strip layers
<5 45°
Energy resolution | 16%/+E; +1% const term [RHET I
PES: 5 mm pitCh !—sqips wra_pped
V & U scintillator strips ShY Tt e

5mm
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Concept of Photon ID

o Photon signature o What fakes a photon?
- No electric charge - A: another photon..
- no track — 7w'/m’—>yy is two photons in
- "Compact” EM cluster one cluster
- shower contained in EM CAL * Copiously produced in jets
- No color charge y Surrpunded by other
* Unlike jets, photon is particles
isolated object - Electron is a “"photon” with a
R track, and it brems in
material

— Jet Cone

— Photon Cone - Non-collision sources...

Particle Flow, Arbitrary Units

v v b v b b b L
0.2 0.3 0.4 0.5 0.6 0.7

Angle Respect to Cone Axis, 0

o
P_
-

[
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Reconstruction at

N

o Photon candidate

- Up to 3 towers in n:
- seed tower EM E;>3 GeV: shoulder tower EM E;>0.1 GeV

- Had/Em<12.5% unless EM E;>100 GeV
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- Photon ID: Had/Em -

1 T T T T I T T T T I T T T T I T T T T | T T T T

—— Photon candidate, Data
—— True photon, MC

Ll 111l

-
o
-

Fraction
—
o
N

107
10 :— . S
0 0.1 0.2 0.3 0.4 0.5
Had/Em
Had/Em <0.125 or <0.05 if E<100 GeV,

<0.055+0.00045*E <0.05+0.026*In(E/100) if E>100 GeV
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v i ] E— T 1 T T T T T T T
S [ ] 400 § 3
& 9o 15 GeV ; 350 | :] Electrons from W
E i v and «* 1 300 [ c)
g 0.4_‘ 7 250 -
S f i 200
= 03p L2 ] 150
02_ ...... 0 _:. 100
[ : 1 0
0.1} . .
T e
0 25 5 7.5 10 12.5 15 17.5 20
% X =5+ xw) /2
10G V 0.747
CES 12 <20 af=4(o.0262+0.0962y,.)x( ¢ )

o Shower size ~3.5 cm; minimal y separation for n’: 50 [cm GeV]/E;
- Can resolve individual y showers from a’ for E;(n°)<15 GeV
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ID: Track in CES CI

L S e e e B B B L 3
- —— Photon candidate, Data -
i —— True photon, MC ]
107 E
s ; Number of Tracks i
s L ] . £
S T : in CES cluster =
w
102~ —
: - Pt of track <1.0+0.005*E;
| L L L | L N | N N L | L L L | N
0 2 4 3 8
Number of Tracks in Cluster
e T T T T TS e T T T T TS
- —— Photon candidate, Data ] - —— Photon candidate, Data
10* i —— True photon, MC ’ i —— True photon, MC i

10"}

T IIIIIIl
L1 IIIlIII

Fraction
=Y
o
N
T TTT IIII|
L1l Illl
Fraction

102 -

|
1 IIIlIII

L1 1=l

3
ol b b b b e b b 10 10

vl | el n..n =
7 8 9 10 2 025 03 035 04 045 05
Track P, GeV Track P;/E;(pho)
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ID: Calorimeter Iso

1||||||||||||||||||||||||||| 1lilllIIII|IIII|IIII|IIII|IIIl

T TTTI
L
T T TTTT

—— Photon candidate, Data —— Photon candidate, Data

10" _ —— True photon, MC - 107 —— True photon, MC
§ 02| | s T
g0 E E g1
o C - o =
TR B N . C
-3 | I
10 E 10-3

10+

| | lIIIIII| 1 IIIIIII| | IIIIIII| L1 1 11T

- R R R PRSI N S ' e o b
-4 -2 0 2 4 6 8 10 -0.1 0 0.1 0.2

.

(2]
-

03 04 _
Calorimeter ISO, GeV Calorimeter ISO/E(ph

o Calorimeter ISO corrections
- Photon towers removed;
- Leakage in @-direction
- Multiple interaction

Cal ISO E<20 GeV: <0.1*E;
(cone R<0.4) E>20 GeV: <2.0+0.02*(E+-20.0)

10/28/08 Sasha Pronko, HEP seminar, Univ. of Pennsylvania 15



ton ID: Track

15'|"'|"'|"'|"'|"'5 L L B B L e B =

- —— Photon candidate, Data N —— Photon candidate, Data -

B —— True photon, MC ] - —— True photon, MC _
107 E |

c - 3 c 107" —

o C . o = 3

g - S i

o L i o - .

w w L i

10% = - -

- . 10'2:—

) L |- L L i L PR PR S R AN W S R S N T W T W N U N I_

0 2 4 6 8 10 0.1 0 0.1 0.2 0.3 0.4 0.5

Track ISO, GeV Track ISO/E{(pho)

Track ISO <2.0+0.005*E+
(cone R<0.4; all tracks
with |Az|<5 cm)

[
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ID: E; of 2™ CES

1T L B L L 1e T — T T 1 T T T T " 3
- —— Photon candidate, Data J E —— Photon candidate, Data -
B —— True photon, MC ] 10" = —— True photon, MC 3
107 - - E E
s . 5102 E
T E T E
10° = | | | R - E . R ) . E
0 2 4 6 nd 8 10 0 0.2 0.4 06 ., 08 1
E/ (2" CES), GeV E.(2" CES)/E,(pho)
E; of 2nd CES cluster E<18 GeV: <0.14*E
in same chamber E>18 GeV: <2.4+0.01*E+
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fton ID: PEM 3x3

L e e 5
- —— Photon candidate, Data -
| —— True photon, MC |
10" = =
c - ]
0 " ]
3 L _
& L _
L.
107 E
-3 [ R T R NN T TR T S N " ! ) RTINS R T |
10, 10 20 30 40 5
PEM 3x3 #Chi
o PEM 3x3 »2
EM shower profile in 3x3=9 [ L Forward Only
towers
PEM 3x3 y2 <10
- Compared to known EM shower X
shape
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ton ID: PES 5x9

1 T T T T T T T T T T T T T T T T T T T T T

1 T I T T T I T T T I T T T I T T T l T T T
—— Photon candidate, Data

—— True photon, MC

T TTTITI
L L1 1LI

T T TTTTIT
L L LI

—— Photon candidate, Data

—— True photon, MC

-
e
N

-
2
A

Fraction
-
o
Fraction
-
o
N

T I|||||||
| IIIIIII| | IIIIIIII

-
o
&
T T IIIIII|
-
o
&

10-4 L P P — |n"‘| L

L e AN ¥ 0.8 1
PES 5x9V

0.2 0.4 06

=)
=)
()
1N
K
=)
o

o

0.8 1
PES 5x9U

o PES 5x9 Ratio
- Ratio of E(5 strips)/E(9 strips) centered on EM cluster
- For U- & V-layers

PES 5x9 Ratio >0.65
U&V
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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—
: | | | 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 used in photon analyses at CDF

- CDF has only one measurement using converted photons
Phys. Rev. D70, 074008 (2004)
R 1
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k List For Pho

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?...
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Photon ID Efficiency

- - - - - -
CC Efficiencies CP Efficiencies
3 12| = Had/Em = = Had/Em
S = Isolation ]
2 = ) - = Isolation
Q . Chi squared
E 14— = Nad 8 Chi squared 3x3
*'[L” CDF Run Il Preliminary ®  Second pT track o o .1}~ CDF Run Il Preliminary a 5 UandV
- = Cone 0.4 - highest pT Eff [of |enCy -
Second CES cluster — e . = Cone 0.4 - highest pT

Central:

~86%
Forward:
~76%

0.9}

0.8}

0.7}—

Number of Vertices Number of Vertices

o Method
- Use photon MC for efficiency

- Data/MC scale factor: compare “unbiased” electron from Z-peak in
data and MC

o Acceptance
- ~15% of central photons lost because they have no CES cluster
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S ot 5
Lﬁ 0.5 [r‘ 15 GeV -1 ._.3 ................................................................................................................................
© [ 0 and E ISR SO
S 04r : pu
.og - '.9 P 38
i 0.3 i Y A _8 .....................................................................................................................
[ a
0.2f |- o0 ] g— - —=— CES: cph1cp2 (PHOTON_251S0)
...................... ; 9 —_._—CWi*Tpcp (PHOWNj’OlW
0.1 F L= e ] O 0.2 i .2 .CP2: cphlcp2 (PHOTON..251S0). .
| e 70 40 60 80 100 120 140
O -

Ex(v) [GeV]

o EM cluster produced by n'/n have worse y* (if E;<35 GeV)

— e=1if y2<4; £=0 if >>4
— £3,=N(><4)/N(3?<20) ~ 78% (checked in W/Z+y with yFSR in Run II)
Epeg=NO(<4)/N(x*<20) ~ 30-40% (checked with p*—m*n’in Run I)

10/28/08 Sasha Pronko, HEP seminar, Univ. of Pennsylvania 23



ton Purity: CP2 Me

7+ M=#N, (E,;sinb)

—e— CES: ¢ph1cp2 (PHOTON_25ISO
9X,sin6

.................... +CP2cdipcpZ(F’HOTON_‘]OISO)
I S o2 CP2: cph1cp2 (PHOTON...251SO

20 40 60 80 100 120 140
E.(y) [GeV]

P=1 —exp(—

Prompt photon fraction

M =1.105X,

N,=1 for single photon
N.~2 for i’

o Two photons have higher conversion probability than one photon
— ¢&=1if CP2 hit; ¢=0 if no CP2 hit
— g4~ ~65% (checked with W/Z+y events with y FSR)
— &g~ ~ 85%
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CDF Runll Preliminary

s [
T 11—
CDF Runll Preliminary E C
3 - Data § 09
Q : Fit result S E
E 0.252_ Photon MC o C
; - === Dijet MC 0.8_—
S 02— C
° = Signal Fraction=0.693 + 0.005 C
015/ — Pl 30-34 GeVic 07 -
- L _ K]
01— 0.6 L=451pb
- C —e— signal fraction
0.05 f— ........ - Z_ sys. uncertainty
oot : 5 1 2 3 2030 60 B0 00 iz0 140 160 180
Isolation Energy [GeV] Photon p; [GeVic]
o Method
Y C Data
$ 025 o _ . .
= st Signal template from y+jet MC
S - - N . piet e - Can use Z's in data and MC for
® = Signal Fraction=0.923 £ 0.014 . .
015 validation
— p; 80-90 GeV/c
- - Background template from large
vasi— stat. di-jet MC
0:

* Can use jets with leading n*
(P+/E;>0.8) in data and MC for
validation

6 8
Isolation Energy [GeV]
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Fake Rate:

80045 BT Trus Fiks e 1oy Wizeels Sampie’ ]
= | A > Gluon -
3 [y ] 0.0035— 3
©0.004 | ... 345 Jet from QCD Sample . :_l_ » Quark -
w L ] 0.003-| | =
3.0035 S T . WiZ+Jets . oo | ]
2 i . 0.0025 . =
0.003 | 3 0.002 | E
0.0025 |- 1 00015/ -
0.001 - E
0.002 | ] : ;
: ] 0.0005—, | -
0.0015 _ ; : |_O—|—F>—1_T_| Lovoaliliniil iy .
s QL L U L
N ] 0 10 20 30 40 50 60 70 80 90 100
0.001 |- . 1 EF (GeV)
00005 [ N : How does jet fake a photon?
ol R BT B Jet —>leading7t0/’r|°—>W_>Vfake
100 120 140
Jet Et (GeV)
0 Method:

- Start from a collection of jets
- Count “"photons” in jet collection
- Subtract number of true photons (based on statistical methods)
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Fake Rate: e—y

y / ndf 24.41/15

— Prob 0.0s846 | 3 ]
'_6 003' pO0 -2.991+ 0.143 E 0.02 Drell-Yan MC —

. p1 -0.04524+ 0.00773 o —
% 0 025_- p2 0.007234 + 0.001453 -(C% 0.0154 Y .
(3 2 o.o1-"‘"‘+ -
- 0'02-5 go.oos
@ 0.015- + + T o
()] ] 0O 0.1 020304 0506 07 0809 1
L= 0_01-: ' Reconstructed momentum n
£ | Gen 5+ Gen 6 Drell Yan MC _+_
- 0.0051 y = PPN 50 How does electron fake

B . ; : , ; a photon?
<1T> 20N S0E G0 a0 E0 060 Brem in material, track

HEPG E; [GeV] loss, and collinear FSR
o Method:
- Use MC (W, Drell-Yan) to get E; and n dependences
- Compare e+y and e*e- events from Z-peak in data and MC to get MC-to-Data

normalization
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Reducing e—y Fake Rate

o "Phoenix" tracking
- Seed track from CAL cluster and event vertex
- Look for Silicon hits along the expected arc
- Originally developed for “forward” electrons

- Also used for rejecting fake photons due to
electron bremsstrahlung

Probabliity to match Phoenlx track and Photon as function of E2**

> —_—

§ 0.9 Fake e*e events +

ol =

o 0.8—

o = H
0.7 —
06L 2T ndf 3625 /26
0.5F Prob 0.0871

- p0 0.4315 + 0.0041

0.4 p1 0.1159+ 0.0074

- 244+03
0.3f- 2 |
0.2 fit function: p Erfc(p,(p,-Er)) =
0.1 —
oL . L ey e

0 20 40 60 B0 100

ET ) [GeV]
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Fake Rate: t—y

Ratio of Fake Rates: P_ /P

Y ey

Ratio of Fake Rates: P_ /P

@ 2.5 I L L B L | 32-5 L L L B IR B B
e [ ] e [ ]
R Pythia W events - s 2| Pythia Z/y events -
I - [ -
2 1.5;— +++ —; 8 1-5;— ‘ —;
N A ] N . + ]
iy " __ = et “ﬁﬂﬁ .
- *, - - Yt -
0.5 :— " * —: 0.5 :— ﬂ*‘* %
- '“"4. + + * a N **.“0 4.4t + :
oL T T .“."."1".*'.".‘*.‘*?‘*.*4’. +.+ + ﬂﬁ}# +|>ﬁ|‘{I oL | Ll | Ll r"“."."i'*ﬁ *# +|++++ ++++ﬁ'
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
PPN GeV PEPlon, GeV
How does tau fake a photon? . N,._,(P)/N.(P)
Dominant: t—=p—nn’—yy — vy Ratio =
fake Neey(PT)/Ne(PT)

o Hard to define and measure the fake rate; need to rely on MC
o Not the same as jet—y;,.
o Can use reconstructed Z—tt in data & MC for normalization
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Cosmic Events/ns

Cosmics & EM timing

10°

10

-

LI L B B L L B L

#

Cosmic events

T

P Okt TR

* F +Ii+&
LI

. PP R PRI RN A
20 0 20 40 60 80 100 120

tcorr (ns)

o Cosmics
- Significant background for y+MET and “delayed” photon searches

- Arrives independently of collision time
- Cosmic samples:

Events/0.25 ns

10*

10°

102}

ey
o
TTIT TII1T

EM timing
resolution:

True vertex:
6~0.7 ns

Wrong vertex:
6~1.9 ns

« “y+MET" candidate events without reconstructed vertex and tracks
« “y+MET"” candidate events from special "no beam” runs

o Use W—ev events to study EM timing in true collision events

10/28/08
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Example of Cosmic Event

) . Detector r-¢ view
Calorimet n-¢ view

o Cosmics can also produce di-photon signature
- Can use AT, cut to remove such events

True collision Opr~1 ns
Cosmics: AT~5-10 ns
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Beam Halo

Beam Halo events can
produce y+MET or even
vY+MET signature

¢@-distribution of beam halo “photons”

L L I B B B T
10000 L =
> | ]
be] BOOOT 7
1o i i
T 6000 .
12 - i

it -

CC) 4000[— —
Calorimet n-¢ view. 20 |
Example of “di-photon” beam halo event. 2000} .
PN PR I P I = o o N [

P I L
-150  -100 -50 0 50 100 150

¢ (deg)
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Beam Halo, Continued

T T T T T T T T T T ! rrrrTT T 1 l T T
18— = e
163— é 3103? ’:-- N
"l Beam Halo E @ | ;
i - . c - .
o = E o | ..
; 12: ] 51025— ‘ ?
O 1f = ; LA -
= . 2 : !#‘.\** .
- ] © t
E 8: . - | =+ H, . ﬁ+ i
- i 10 Il | | e
c . : 5 : 'W '||||MMWWW f;ﬁ'n ;
‘t B\, Cosmics E @ | Iﬁﬂ ﬂ l‘ | Ml :
21— ]
| R R
(1] el T T T S B D S B B e S 1 | coa b b ..1;0

o
&
=
N
o
S
o
oF
(=
8
3
8
S
o

0 1 2 3 4 5 6 7 8
nHADTowers teorr (NS)

o Beam Halo samples
“v+MET"” candidate events without reconstructed vertex and tracks

o Beam Halo rejection
- Topological cuts and EM timing

[
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PMT Spikes

2008/07/03 14.47

- T | T T T j T T T I T I T I T -
i — Photon and PMT Spike Candidates| %
i 7 N £ .
- - Electrons from W—ev Events I § 40 [+ Normal Running
2} — —] ]
10 - . N v} = Beam in Accelerator
- - L w0 F Supervised Access
& : : g - v Po:leAcooss
.E - - m 350 :— Insuficient Info
Non-Standard configuration
: 10-3 :— - g L - .
e s s "F
o - 9 0]
E | — S
.é — ] 2 200 :-l .l l~ -
< 10 ] SHL AN TR
: ; wo 'f,-,’; ROl .
100 i ?i ' y ’
10—5 L — ~50 HZ l'ate r f » s
E ! 1 | 1 ! ! | ! ! : | £ | .4 1 E C
0 0.2 0.4 0.6 0.8 1 E ol

1000 1200 1400 1600 1800 2000 2200 2400 2600

PMT Asymmetry Run Number x102 e’

o Central EM CAL:

- Spike overlaps with low E; particle from regular collision and gives
fake y+MET

- 2 PMTs per tower; high PMT spike rate
- removed by PMT asymmetry cut and EM timing cut
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Spiked Photons (EmE > 10 GeV)

N
o
vT'vvv

L
-?oo -50 0 50 100 150
Time (ns)

o Forward EM CAL:
- 1 PMT per tower, but much lower PMT spike rate
- Rejected based on EM timing
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Moving on o Physics
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h for Di-Photon P2

1155 pb! of Data
P = o Two central-central or

2PN R e R
af Diphoton Data ] central-forward photons
107 E - E;(photon)>15 GeV
- — Total Background - .
NQ 02_ B ‘YY(DIphOX) . - tlght phO'I'on ID
3107 —Jetsfakingy 3 o Backgrounds
O N ] .
o - - SM vy production
@10 | E . DIPHOX MC
E | i - Fakes: y-jet, jet-jet events
15 = * “Loose” yy events: at least
- - one y fails "tight" photon ID
100 LN
0 100 200 300 400 500 600 700

m(yy) (GeV/c?)
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Peaks: Randall-Sundrum

o Limit for k/M,=0.1 a ] S T :
- Di-photons: M(G)>850 GeV >WW< "‘WW‘,.<
- Combined with e*e-: M(6)>875 GeV - e " ,

Total efficiency for G— vy

Tl B k/iM , VS RS Graviton Mass Exclusion Plot

8 0.5¢ ARG st i _ 0 1"
: : et Total o - _I L I [ I LI I | L | | L | LI 1 I LA U ] I l_
S0.45F- = - CDF Run Il Preliminary .
D. C 2 0-09 __ —_
8 0.af :ILdt= 0.8-1.2 fb” ]
& 0.08F =
2 0.07F 5
803 TF ]
o o £ i
:50.25:_ 0.06: ]
I C C ]
o 0.2 0058 E
o B-er - 1
S 15t 0.04F =
[ E 0.03F ;
s %1 E E
F0.05] 0.021 -
0 :I | | | | | I | | L1111 | L 111 | | I | | | | | | I | | L1111 | || 0 : Ll L1l l Ll L1 l Ll L1 ] Ll L1 ] | | ] L1 1 ] 1 l:

200 300 400 500 600 700 800 900 1000 “200 300 400 500 600 700 800 900

2
Graviton Mass (GeV/c') Graviton Mass (Gevlcz)
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Exclusive y+MET

o Models with exclusive y+MET signature

New invisible

- Large Extra Dimensions: §+q =~ G+ particle
- Anomalous Zy coupling Y
- Heavy right-handed neutrinos g
o Analysis )
- E;(y)>50 GeV & MET>50 GeV:; photon

- veto E;(jet)>15 GeV & P(track)>10 GeV
- Require at least 3 tracks

L L I L L IO
CDF Run Il Preliminary, 2.0 fo™
Zy, Z—>vv

[ Woelpt—y

[ vy, losty

I Non-Collision

[ WiZy, lost elu/t |

— ADD n=4 m=0.8 TeV

7

77 K747
s a2

-
o

’—U—U_U_U_H—H'H'IF”—U 1

Events/Bin

—
Evov b by by oy e I I -

40 60 80 100 120 140 160 180 >180
Photon E; (GeV)
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E+>50 GeV | E{">90 GeV
W(e/t—y) 24.7% 7.7%
Wy 21% 11%
vy—>y (lost y) 6.6% 49%
cosmics 13% 21%
Zy—vvy 35.6% 54%
Total Bckg 280.5+15.7 46.3+3.0
Data 280 40

Cosmic Events/ns

o Non-collision background rejection is critical

o EWK backgrounds

- Fake rates; data based

EM timing: |T,|<3.2 ns
Track requirements

Relevance Vector Machine: train on y+jet and out-of-time cosmic events
Cosmic rejection: x600

U BN B LB LA BLELELEY BLELELES RLELELE BB
Hadhatfsns had o
10°F fm”’ W *‘*“"%Wf%*@wﬁg* E
: i B
lF‘I’ La
W .
T4
n il |T|“f “W”_:
ARt 1
1\| it i
‘ M T, [<3.2 ns
Y
M > |e
1
oo ey by Wl sy e b e Ly
60 -40 -20 0 20 40 60 80 100 120
tcorr (ns)

-ive v+MET: Analysis T_
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T+ &

Jet + Fr Combined

n a Mp' a Mp* M
2 7.2 1080 9.9 1310 1400
3 7.2 1000 111 1080 1150
4 76 970 126 480  1M0
5 7.3 930 121 910 aR)
6 7.2 900 123 830 940

-
(2]

CDF Run Il Preliminary

W CDF Jetly +
— CDF y +F; (20fb)
I CDF Jet + B, (1.1fb7)
---- LEP Combined

N
SN

-
N

|III|III|III|II

2 3 4 5 6
Number of Extra Dimensions

o Optimization for LED: E;(y)>90 GeV

- Signal acceptance: 2.7%
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- for Anomalous Production -

o Why yy+X? Why model-independent

SUSY: yy+ E .,yy+ jets+ E.,yy+ 1+ F.,
Technicolor: yy+ I+ E,
Higgs: yy+ E, ,yy+I1+F,
UEDO6DSM) :yy+ m* 1+ F,

e] e Candidate

0 Rare yy+X events at Tevatron

- Infamous CDF Run I “eeyy+MET"
event

* Dominant SM: WWyy = 8x10-7
events

« Total: ~10-¢ events
- CDF & DO Run II “eyy+MET" event

ET =55 GeV
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o Three yy+X analyses: X=MET, t, e/p
o Signal region
- Two “tight” central photons

- Photon candidate E;>13 GeV
- ~25% vy pure events

o Control region

- Two "loose” central photons, at least one photon must fail
“tight” photon ID

- Photon candidate E;>13 GeV
- ~5% yy pure events
- Same backgrounds as in signal region
o Results
- Event count; background predictions; kinematic distributions
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h for Anomalous yy+

CDF Run Il Preliminary, yy+X, 2 fb” . . . o e
g o Two photons in time with collision
3 Eg:c:%?gﬁj;&) ] o Select events with MET-sig>3,4,5
@ - Non-ccgltleiasionT 3

o Backgrounds

; - QCD with fake MET (v, vj. jj)
i * MET Resolution Model
3 v' fake MET p.d.f for each event based

: on energy resolution (for jets and
T80 200 soft unclustered energy)
E., GeV
- EWK with true MET
CDF Run Il Preliminary, yy+X, 2 fb™ .
310 th - W/Z+y, W/Z+jet, Z—tt—Y; oo Vtake
10 e - shapes from MC: normalized to
w O EYW 0 e EWK (real
wbe b 000 e Non-collsion data e+y
—— Fake E; only
107 - Non-collision

Beam Halo, Cosmics, PMT spikes
EM timing, topological cuts

.........

HE TN DA | T T P 1 N T B
0 2 4 6 8 10 12 14 16 18 20

E.-significance
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Resolution & Significance

o Takes into account

% 1 L ; T Tt '_=I . o i .
> F Xg=Fr/Er -1 individual jet resolution
§10"§— E;-significance=-log(P) 3 o Accounts for' relative
10_,:_ P=.[F(x)dx B direction of MET and Jet
x“ 1 o Eliminates need for
e E A@(MET - jet) cuts
10“‘.;— 1;.
10'5_| P T T L | e T ‘g o
- -0.5 0 0.5 1 x=E"°'/E"“°11 % F(x)=In(10)7e™ ™
§

New MET-sig=-log(P) for fake MET:
Simple shape for any distribution F(x)
For 10,000 events:
Cut on Sig>1 = ~1,000 events pass
Cut on Sig>2 = ~100 events pass
Cut on Sig>3 = ~10 events pass
Cut on Sig>4 = ~1 event pass
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yy+MET: Results

CDF Run Il Preliminary,

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

CDF Run Il Preliminary, yy+X, 2 fb™
T T I T T T I T T I L T I T L I T T I T T

2 4aF ' ! l ] 310°E B L
8 1.4:— Events with fr-sign>3.0 © - — Allevents E
EmmEES | §eF kol
§ 1F 1 - 5103;_ ----- - Events with §,-sign>5.0 _;,
g‘ 083— ...... ----':-_i —5 ; =
s N 10% =
% 0.6 - E E
§ ol - vE E
g 0.23— —f 1 é— |-| |-| —é
k o w 105> W e T
Efficiency | MetSig>3.0 | MetSig>4.0 | MetSig>5.0
L 84% 74% 67%
MetSig>3.0 | MetSig>4.0 | MetSig>5.0
o Total number of yy |EwWK 47 % 75% 84%
events: 31,116 Background | 67.9:7.5 | 35.8:3.0 | 27.3:2.3
Data 82 31 23
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Events /5 GeV

CDF Run Il Preliminary, yy+X, 2 fb”
L B B L B BN B

s Data
[ Bckgto,

T TTT1T

..... EWK (real ;)
------- Non-collision

T T I[IIIII

L1 11l

—— QCD (fake §;)

L1 I[IIlII

#,-significance>5.0

CDF Run Il Preliminary, yy+X, 2 fb™

= L L L L L I L L I L L L L B L

e Data

Bekgt
— T (?é‘i%&)

10 ., EWK (real ET)

------- Non-collision
§-significance>5.0

T IIIIII|

1 IIIIIII|-

I ]IlIIIII

E_ —E e E
3 3 107 E
102 5 . 1 10 i a° nnm i
0 L, 0 "100 200300 400" 500" 600 700" 800 600
H;, GeV
CDF Run Il Preliminary, yy+X, 2 fb™
“o L T f
> F « Data ]
o | Eg%(o(?a%eg) i
210 T—--EWK = .
I " AL ; o Top left: MET
S C g,-significance>5.0 ] .
A ] o Top right: Hy
_ 1 o Bottom: M,
107 E
10-20.
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arch for Anomalous yy

e —r Search foryy + X, X =1

3 " I T H 'I I'1l | - TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT
£ 0.06f COF Run Il Preliminary - 2014 pb = > [ CDFRun Preliminary 2014pb" | |
& f 4 1 |Data O o5l -
:UE, 0.055 _Tf_'ggs‘:vzingpgev B w B = Standard Model
E T —— Jet Et>20 GeV ] BCkg 46+10 ﬂg - - 1
s C —— Jet Et>50 GeV . o 20 ]
= L — L
= 0.04: —=— Jet Et>70 GeV : FClkZS 44+10 I.I>J -
§o,o3:_ - W'Y 1.2+0.7 15— _
S ] C
z, Zy 1.00.7 :
02— ] 10 ]
0.01— _ !
B ] 50 ]
0 C Ll 1 I Ll Ll 1l Ll ) I Ll l- I 1 I- l- -I [- :
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)

o Visible “hadronic” tau E;>15 GeV

- jet—t fake rate from di-jet o Backgrounds
events - Dominant: yy+jet fake

- yy+jet x fake rate - Real T from Wy or Zy
- Test technique in control sample * From MC
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Search for Anomalous yy+=

10

- ”Searchforyy+X X—‘t N _ Searchforyy+X X.'.T
% 185 " cDF Run It Prellmlnary 2014 pb . § r " CDFRun il Prellmgnary 2014 pb
O 1o = 3 E
o C = Standard Model ] 3 12__ = Standard Model |
3 16 1 e F [] 1
s 1 2 ;
H @ 120 = § 8:— + | | E M
T 10 - - “ 3 Y
8- ] 8- ]
% | E 4- - -
4 - - A
: % : ‘
e:l 1 | 111l I L1111 | 1111 I L1111 | 111 I - 0_ L1 | 11 1 | L1l | 11
0 50 100 150 200 250 300 350 400 0 20 40 60 80 100 120 140
Ht (GeV) vy Mass (GeVIc )
. Searchforyy+X X—r _ Searchforyy+x X—'c
% 22F 7" dDF Run I Preliminary 2014 pb" | -g F " &DF Run Il Preliminary 2014 pb"
Oo0t ] B @ 30- —
0 F == Standard Model o C m— Standard Model
818 = " .
c . 251 —
|:>,|, 16:— - .
14F = 20C 3
120 || | 3 - 1 N.
MET 10 3 15 . jet
8- E g Jet E.>15 GeV
4c E 50
2 -

eEIIII|IIII|IIII|IIII|II|II . E IIII|IIII|IIII|IIII|IIII|IIII‘m
05101520253035404550 -% 0 05 1 1. 225335445
Missing Et (GeV) N Jets, Et>15 GeV
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o Central or forward electron with E+>20 GeV
o Central muon with P+>20 GeV

o Backgrounds
Wyy+Zyy (from MC)
y+lepton+ele—fake y (dominant for yye)

y+lepton+jet—fake y Using fake rates

Before Phoenix rejection After Phoenix rejection

Data, 1 fb-1! 3 0 Data, 1 fb-1 1 0
Bckg 6.82+0.75 0.79+0.11 || Bckg 3.79+0.54 0.71:0.10
Wyy+Zyy 16% 81% Wyy+Zyy 26% 81%
vl+e—y 75% 2% yl+e—y 60% <1%
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h for Anomalous

CDF Run Il Preliminary 1015-1100 pb'1 4+ CDF Run Il Preliminary 1015-1100 pb'1

N >
§ vy +e Search © vy +e Search
3 =
O N
o -
N o)
— (o}
a 2
8 &
o 0
>
(NN
2
M,, . [GeVicT] Ht [GeV]
. CDF Run Il Preliminary 1015-1100 pb” CDF Run Il Preliminary 1015-1100 pb”
% yy +e Search E yy +e Search
O o —e- Data
(e»] ~
'gJ_ 8_ . Fakey ore
0
§ g . Zyy + Wyy
>
S (Tl
ko]
c
S
40 50 60 70
E.(e) [GeVIc] Missing E; [GeV]
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“Delayed” Photons

v CDF Calorimeter
(xf ’tf) /

ek [ ] -

: o delayed y
g 105 --"-g:nssn;icssignal Mc g prompt Y S
% E ... L ] %0 Y
g 1) | e et |G
L s ﬁ (xi’ti) p
10" /
107 4 6 8 10 y

teor (NS)

o Gauge-Mediated SUSY :
- %" — y+ G decays can } oy v q
q

occur with finite lifetime

=1
N
a
+ a
/\?:
<
a

|
ol
_Ax D
<
a

- Signature: at least one Z GQE::::::: ! 1W v
“delayed” photon, MET,
jet (from t’s)
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Photons: Analysis T

F e oM I R | :IH‘ I.I' E
e W—ev 1w ﬂg*’f“*"""*"*‘”ﬂ‘*’""‘*‘“‘”’ S U /. Beam Halo |
- ] [ IS 44 R, = f ro. E
B c o +‘+. ] “e - .
2 wpevents 4 = i 185 | -
a - 5 ! H']‘.H 4 > 02k : -
o > Tllm l‘I w E '
100 5 Woop N x o oy
g Q :MH | s | b
g il - . ; i
S oL 1 & I W b g 10F #‘ f -ﬂﬁ"u E
wOF i 8 |W . s 4 'uu Tﬂ[ M- fﬁ' :
ﬁ | 1 “ Cosmic events i f ﬂ | LR W -
| g T
T (R <0 40 20 0 20 4 60 8 10 120 60 40 20 0 20 40 60 80 100 120
teor (NS) teorr (NS) teor (NS)

It is all about timing distribution shapes !

o Selection
- E+(y)>30 GeV: MET>40 GeV: E;(jet)>35 GeV: A¢o(MET-jet)>1.0 rad
- Signal region: 2 ns<T <10 ns
o Analysis feature
- All backgrounds estimated from purely data
- Don't need to consider different sources of SM backgrounds
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“Delayed” Pho+Jet+MET

: ot I L : 120 = I :. I I I I | I I | ' I I I | I I I I =
102F i detcatn I 1+E_+1 jet analysis with EMTiming 7
; BN Colisions : E Predicted exclusion region at 570 pb™'|
- - Beam Halo 1 100 : Observed exclusion region |
2 10 S I e g?n?sicssignal Mc 3 B ° WEETTLITILIE Predicted exclusion region at 2 fb™" |
E o ] n : misamussmuse Predicted exclusion region at 10 fb™' _|
"qé; ] T ’ ~ B - ALEPH exclusion limit i
: E - : Region with G mass at 1.0-1.5 keV/c%_|
T PES -
107 - ® [ GMSB if—wé ]
._g 60— o M, =2A, tan(B)=15 —
1070 5 0 5 10 & b Np=1, 1>0 ]
teorr (NS) . i “K"'. |
DIWC B
o Result T ]
- Data: 2 events 20 = |
- Background: 1.3+0.7; [ - ]
- . _;l_l_]......j__---i:“gl.g-qu rqueegearkragt i =T
SM=0.71; T Joo 120 140 160
Cosmics=0.46; Y. mass (GeV/c )
Beam Halo=0.07 1
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- y+jet+b+MET -

o Follow up on Gauge-Mediated SUSY models

- Renewed interest motivated by Run I ee+yy+MET event
%% = (vl )(i0) = (va' b)) = (vb ek, )
o Technicolor models, but without MET

Event selection
- Central photon E;>25 GeV

Background categories

- 2 jets: E;>15 GeV & Iy|<2 Real y Fake v
- MET>25 GeV Real b-tag A B
- Ag(jet,MET)>0.3 Fake b-tag C D

At least 1 b-tag (SecVtx)
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jet+b+MET: Bac

Realy Fakey :z;mlllllE:wtnes;esell
Real b-TClg A B E &0 f.= 0.170 +/-0.079
5 5 f,= 0.596 +/-0.058
Fake b""(]g C D g 0 —_— blc:ttom
1T} — CchNarm
— ligh
o Background A: ® ight
20
- MadGraph MC: y+btjets, y+ctjets o
- Normalized based on photon purity | 5 ‘o Meedd b

& H.F. fractions b
o Backgrounds B & D:

35 4 45 5
m(SV) (GeV)

- Fake photon subtraction based on Data: 617
CES/CP2 method Background: 637+139
- Photon purity: 81%+12%
o Background C:
— ytjet+jet x mis-tag rate
- CES/CP2 method to subtract fake
photon contribution
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+b+MET: Kinematic Distri

10° CDF Run Il Preliminary 2.0 fo! YbjE; Search CDF Run Il Preliminary 2.0 fo! YbjiE; Search
%; e« Data NQ e Data
o [ Fake y, Real+fake b % 10° [ Fake y, Real+fake b
Q I Realy, Fake b O B Realy, Fake b
5 I v S B v
e g2 I 5 10° I
..g Background Uncertainty o Background Uncertainty
o 10 5
>
1| 1
1
107
10 e e i . Z L
100 200 300 400 500 6q0 700 0 100 200 300 400 500 600 7(}0
E{(y)+2 E{(j)+E; [GeV] Mbj [GeV/cT]
10° CDF Run Il Preliminary 2.0 fo! YbjE Search 10° CDF Run Il Preliminary 2.0 fo! YbjE; Search
Ng R Data N(\_) . Data
> 10 [ Fake v, Real+fake b > 103 [ Fake y, Real+fake b
Q) I Realy, Fake b O I Realy, Fake b
o 3 B Q B
10
p b S 102 b
3 102 Background Uncertainty 8_ Background Uncertainty
2] [2] 7,
g 10 0 ”
w L 1 >
1 -9
, ). |
10" , | 10 l
4 % Thnnnllonnnlln f va ta Pl |
100 200 300 400 500 600 700 800 ) 0 100 200 300 .500 6002
M(ybj) [GeV/c] M(bjE) [GeV/cT]
|
10/28/08
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y+lepton+b+MET

Search for New Physics in /yFb Events and o;;, measurement
CDF Run II Preliminary, 1.9fb™!

Vigtivation tty tiv(e)  tty(p) tty(e + p)
e Extension of ([, Predicted | 6.7 = 1.4(tot) 4.4 3(tot) | 11.173(tot)
e Signature with b and ¢, W and v Observed 8 8 16
e tt7y: control sample for ttH (LHC), Q(top) :; " COF Run i Protiminary 12?;"“““) N T
Results 2" + T.':?;'hf 8
CDF Run II Preliminary, 1.9/ g, aiiee | 8
EyErb eyErb | pyErh | (e + p)vErd + acs” | 8
Expected | 168 £22 | 111717 | 27.9°3¢ i & -
Observed 16 12 28 o 2 :q Jet; & 16 %o 20 :er &s;oeviwo 450 500

The probability, assuming no true ¢t~ Standard Model

COF Run 1 onummryiz L ) (SM) signal, for the background alone to produce at
=2 3 least as many events (16) as observed in data, is 1% (2.3
§: o). Assuming SM ¢ty production, we calculate the tty
-5 cross-section to besglscmncptonic it = 0.15 £ 0.08 pb.
o SM predlctloo‘n I8 0 mileptonic tiy — 0-080+0.011 pb.
—_~1
20 40 60 80 100 120 140 160 a8 f W - Iv (CDF Run I
Lepton E; (GeV) : 10° W - Iv (Theory)
o wh, o s Z - Il (CDF Run i)
g:o g: o Z - Il (Theory)
s e! ) _
P E' 10 tt (CDF: Run I1) tt (Theory)
c
4
N .
o 40 B0 380 100 120 140 160 180 20 40 50 80 100 120 140 150 180 200 ".( (CDF Aun il Prelimiqﬂ;:%eo )
B-jet E; (GeV) Photon E; (GeV) 10’ Y
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- Summary -

o CDF has very reach program of searches for
new physics in final states with photons
- Many channels: photon+ leptons, jets, b-jets, MET
- 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 Most interesting times are still ahead !
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Part of MET Resol

det p=had et jet
o 10, °,4f"]'a 1<0.6 and 0<E < E%VE"1.0, 0.4<hiz}1<0.6 and 25<E"'<30
g 10°F o s Gauss+Landau g 10°F e =
g ZCDF Run I Preliminary B " v 2 FcorRuni Prellmmary i e
2 R ¢ 3224, > - Fr::wconn 1 MA":
E B g::::::: -0.19:’230.03; ﬁts J ER Well at 2 B gnuu;mn o8z - 0 s0men
E 102 - Gauss: o -0.1604 = 0.0027 o Gauss:o 0.1602 = 0.0052
ety E. d @ 10° -
- Gn:::lc;mst 0.4563 - 0.0663 any Jet an n - SR
10 E— _E 10 =
- 1 CxG(y)+L(y) i i
1 -] |
g E ’ 1 1 N
F : 1+C : ]
W 0 o5 115 2 25 3 AL L. ]
) - ’ ’ ESeyE.y - X 03 05 0 0.5
- - where y = ——, -
Ede*/E *1.0, 04<1ng°;,|<oeand100<E <1os| 1+
2 ol T ] X . E"e‘/E'“’d 1.0, o 4dr|g°;,|<o 6 and 400<E"'<405
s E CDF Run II Prellmmary Bros Setiesr had o 10°F s —
2 F Ghvssmm  coabr: Soons FE s E CDF Run Il Preliminary £l 2824
N e g X = - g [ 01
107 e Edet 5 102} e MPV0.008274 » 0008816
g : s _aoo ot
E E 10 E
1 — - ]
: E i3 E
-1 | L B i
0 05 0 05 1 107 . ! L
E°e/E" 1 -1 0.5 0 0.5 I }

v' Smooth parameterization of JER as a function of Ej; in bins of ny (bin
size of 0.2)

[
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t Model Example-

CDF Run Il Preliminary
T | L

> ST T T Entries 1000
& ol —*— Datayy: Run 194911 Event 694054 mean s
E [ 1000 pseudo-experiments Integral 1
€ ]
2 9 ¢ -
w =
10 =
102 =
10 E|
10-4 1 1 1 1 1 1 l 1 1 ]! | L = | i A |
0 10 20 30 40 50 60
E., GeV

o Met Model gives a PDF of possible MET values due to energy
mis-measurements (also available in XY)

- This is done by smearing un-clustered and each jet energy according to their
resolution
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Met Model Example-2

Pythia yy signal sample

T T LA L L L e B I B B A

Baur Wy— ev+y signal sample
T T T

1 1 1
¢ Baur Wy— ev+y j

- MetModel: bekgto _

e Pythiayy

. MetModel: bckgto

Events / 3 GeV
Events /3 GeV

E

L

100 120 140 160 180 200

e b b b by
100 120 140 160 180 200
¥, GeV

E., GeV
> 'P‘y'trl.i'a'z'_)le"e‘.'el\"e':.t’sl"'I"'I"'I"'l"'l“'

010, . Pytiazoce o Met Model successfully describes
& Veodet: bokgo MET in Pythia yy and Z events

where there is no real MET

o Just as expected, it doesn't
describe MET in Baur WYy events
with real MET

i | PRI BT BT R
100 120 140 160 180 200
¥, GeV
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MET Significance

~ CDF Run Il Preliminary
e

CDF Run Il Preliminary

> 10 — T " " H > 10g | | e I I
'3 —e— Data yy: Run 199148 Event 1171816 O O I d MeTS lg 8 F  —e—Data yy: Run 203435 Event 519737 E
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yy+e+MET

CDF Run Il Preliminary, yy+X, 2 fb™ CDF Run Il Preliminary, yy+X, 2 fb™
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Pho-2 247 2.22 -0.845
Electron 496 3.20 1.07

MET 15.1 256 N/A
Hy 174.6 N/A
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o Signal sample

- two “tight” photons;
- ~25% true yy events

o vy events before MetSig cut: 31,116

mlfs for yy+MET: Signal g

MetSig>3.0 MetSig>4.0 MetSig>5.0
Non-collision 0.89 + 0.32 0.84 + 0.30 0.77 + 0.27
"No yy Vertex" 44+20 25+10 15+07
vYy (lost y) 29+10 22+10 16+10
Fake Met 28.1 + 6.8 3.6 +1.8 0.60 + 0.83
(MetModel)
EWK real MET 31.6 + 2.0 26.7 + 1.9 22.8 + 1.7
Total 67.9 + 7.5 35.8 + 3.0 27.3 + 2.3
Observed 82 31 23
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o Control sample

- Two “loose” photons; at least one photon fails "tight” ID cuts;
- ~6% true yy events

o vy events before MetSig cut: 42,708

-gl'ts for yy+MET: Control g

MetSig>3.0 MetSig>4.0 MetSig>5.0
Non-collision 129 +047 1.18 + 0.42 1.03 £+ 0.36
"No vy Vertex" 1.35+0.62 0.78 + 0.30 0.45 +0.22
vYy (losty) 44+15 32+14 24+14
Fake Met 38.5 + 11.0 57 + 1.3 0.80 =+ 0.36
(MetModel)
EWK real MET 43.7 + 5.4 35.4 + 4.7 32.2 + 7.8
Total 89.2 + 12.4 46.2 + 5.1 36.9 + 8.0
Observed 103 50 28
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y+lepton+b+MET

CDF Run II Preliminary, 1.9fb™!

CDF Run II Preliminary, 1.9fb!

Lepton + Photon + 1 + b Events, Isolated Leptons ttry, Isolated Leptons

Standard Model Source eybfr pybEr (e + phbEr Standard Model Source evbEr pybEr (e + pw)ybEr
tt_yse{nileptgnic 2.06 £0.38 1.52+£0.28 3.58 £0.65 tty(semileptonic) 1.974+0.36 | 1.47+£0.27 @ 3.441+0.62
tt"/idlleptomc 1.30 £ 0.23 1.02 £0.18 2.32 £ 0.41 tty(dileptonic) 0.52+0.10  0.43 + 0.08 0.95+ 0.17
ey 0752016 | 072015 | 147026 | pEg, 00002  00L002 04003

W- cey 0.08 = 0.04 0.22 +0.06 0.30 = 0.08 WiCC’)’ 0.0 <+ 0.02 0.01 < 0.01 0.01 + 0.02
W*bby 0.62£0.11 0.42 £0.08 1.04 £0.17 +

W=bbry 0.06£0.03 | 0.01£0.01  0.07£0.03

Z(rT)y 0.13£0.09 0.11 £0.08 0.24 £0.12

Wz 0.08 = 0.04 0.01 +0.01 0.09 = 0.04 wz fak 0.02 i 0'0? 0'0210'021 O'(1]2 i 0'0?

7 — 7 fake 0.12+£001 | 010+£001 | 022+001 [T 7k 0.08+001 | 0.02+0.01 | 0.10+0.0
MisTags 4.114+0.41 3.54 +0.37 7.65+0.70 MisTags 0.78 £0.20 0.83£0.22 1.61 +£0.31
QCD(Jets faking £ and Fr) 149 +0.77 041 1.49 + 1.30 QCD(Jets faking £ and Jor) 0.53 & 0.46 0+1 0.53+1.10
eefrb, e—ny 1.50 +0.28 - 1.50 £0.28 eefirb, e—y 0.34£0.11 - 0.34 £0.11
puefrb, e—y - 0.45 4 0.10 0.45 £+ 0.10 pefrb, e—ry - 0.20£0.06 = 0.20 +0.06
' Total SM Prediction 16.8 + 2.2(tot) | 11.1 % 1.7(tot) | 27.9 = 3.6(tot)| | Total SM Prediction 6.7 £ LA(tot) 4.4 £ 1.3(tot) 11.1 £ 2.3(tot)
'Observed in Data 16 12 28 . |Observed in Data 8 8 16 |

© O O O O

Central photon: E+>10 GeV
Lepton: E;>20 GeV
B-jet: E;>15 GeV
MET >20 GeV
tty: H>200 GeV
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ISO ideas

— Jet Cone

—— Photon Cone

-
o
o

-
o
1]

Particle Flow, Arbitrary Units

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Angle Respect to Cone Axis, 0
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in Central EM Calori
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