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CDF search for yy pairs

SUSY07, Karlsruhe
Else Lytken, Purdue University (now at CERN)
For the CDF collaboration

Outline
o 7y—> trileptons + analysis strategy
 Backgrounds: rejection + validation

o Results with 1 fb

e [nterpretation + first projections
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\Allawv lAA
vvny 100

Simple signature and relatively large production O

¢ O X BR(3 leptons) low
\ \ CwlPbl PP —88. ad. 11, XK. VY. 158, 14
1 \ VS =2Tev 3 [
AN =5 eptons
O -
o B (MET)
N q
07 ﬂ al ﬂ in [GeV]

100 150 200 250 300 350 400 450 500

CDF strategy: Counting experiment
» Combine several non-exclusive channels
» Test background estimates in control regions

E, Lytken, SUSYO7 Karlsruhe @
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SUSY models used for interpretation

Generated with Pythia, NLO G from Prospino

1) Low mass mSugra: m,=60, tanf3 = 3, 4,=0, u>0

)Zg% [l decaystoT, favored e F—
\~45§
. o S|
2) no slepton mixing, mSugra-inspired Sasp
r 30f
Same mass range 6ut [ masses (SoftSusy) “&25;_
degenerate and mixing turned off. S 20}
S Less taus S S 15|
kb 10F
3)W/Z decay 3( 5¢
|

Set * and }° decay BR's equal to those
of Wand Z. @essimistic but less model dependence

—8e e

y—

mSugra  NoTmixing

— T =TT

100 110 _120 130 140 150 160
Chargino mass

E, Lytken, SUSYO7 Karlsruhe
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Analysis paths
Channels as combinations of [ = e,u:
4 GeV+4 GeVee, uu

pu+l

ee + 150 track.  More sensitive to taus!
High p.. triggers: 18 GeV'e, u

u+
e+l

[, [L (like-sign, ee, eu, tu)

zgﬁer acceptance!

Trigger leptons: p, =5 or 20 GeV

all leptons: p.=4 GeV
]

E. Lytken, SUSYO7 Karlsruhe

=
=

—— Trileptons

— LS dileptons

Acceptance(%s) l

=
r
T

-
T T 1

o
]
T T

Acceptance

1) mSugra

o.sﬁ

04 M R |
100 110 120 130 140 150

m,, (GeVic®)

9 .

% 5|— Trileptons

Q

c

£  |—LSdileptons

O 4

Q

g L

< T
of

2) No [ mixing

I I B
‘?00 110 120

v e Ly Ly Ly
130 140 150 160

m, (GeVie?)

— Trileptons

®
§ss
E
a 5
1

— LS dileptons
a5

4

L 3 ) W/Z c[ecay

m, {Gew 2




O
Backgrounds

Drell-Yan+y/fake WY Diboson ttbb Suppressed by:
(Wz,22)
v v Tight lepton selection
v missing Et
v v Conversion rejection
v Isolation
v v Reject dileptons in

‘7 Ve d | |/l'/l/! /r/\_f" ]
L wWinaow

v Jet veto

Generated with Pythia. Wy and WZ/y: ME + Pythia
Fake lepton and bb background estimated from data

O E. Lytken, SUSYO7 Karlsruhe @
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Potential background greatly reduced by 3( requirement

Search for x X2 —)pp+elu

10 ¢

1F

™~
L
=
@
0]
wn
-
(]
i
@
[= %

—_
o

10

N. dimuon
Number of dimuon pairs / 8 GeV/c?

—_ —
Q =]
™ B

T . . 107
20 40 60 80 100 120 140 160 180 200 0 20 40 |S\?an§.3n112501?”316?918(;2?0

Invariant Mass of p'p (GeWcz)

Mass cut:  m.. > 15 (20) GeV/c?
m,. # 76-106 Gel//c’
MET >15 (20 ) GeV

+ jet suppression and angular cuts
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Validating background estimates

Based on these regions: Additional dimensions:

Similar regions with 2
leptons

With or without jets
LS dileptons check

further conversion
regions

. . Z, WY cross section
| e measurements

To be understood before

Invariant Mass looking at signal region!

E, Lytken, SUSYO7 Karlsruhe




CDF Run Il Preliminary (L = 1.0 1)

10!

Number of Events

number of events
3 =X

20 30 40 50 6 V0O 80 90
Missing Transverse Momentum (GeV/c)

1 Fake lapton
E COF Run Ii Preliminary I P
8 rell
3 . |I9Drell-Yan
s deI~1 b’ "
. Wi
2 B Dibosons
Z+y
[ LiAs

_|_

%0 20 w0 4 50 6 70 80 %
pT sub-leading lepton . Data

[ Fake lepton
CDF Run Il Preliminary [ Orell-Yan

Ithu.ssﬂ{‘ [ [

20

60 0
Missing E. (GeV}

o T 3
g 10 | COF Run i Preliminary 0.7 6" = v I -
v wzrz | 3
g I e
o W Dreit-Yansjets |
4 —mBugra gyl | 3
=
2 E
= i1
a N

°©
: 5
10" 1E
=
10%

o 20 40 60 80 100 12
Invariant mass of u'p pairs in trilepton evenis tGeWca}

For each control
region, compare:

Number of events v oz
Background shape v~ °°

CDF Run Il preliminary
L2076 pt'

=

T i

"» COF data
S DYHF (sta

HIHF

AL ]

e @
Dimuon Mass (GeVic’), SIG_A2

W

Search for ;33 —>uptelu

"]

1

= DATA
[ Drell Yan
[ Diboson

2 345686 7 8 9

Iusl-us pb’
COF RUN 1l Prafiminary |

Number of jets with E,> 20 GeV

Search for ¢jy3—+p e +ule
B

Search for 1y S->uutelu

90 e > 10
COF Run 1l Proliminary (0.7 ib") g « DATA
80 = Data | an
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b 0" salection
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Invariant Mass (GeV/c')

CDF Run Il Preliminary

2
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Data/MC
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ee comparison
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o
. Res

Tri-
leptons

Like-sign
dileptons

o

Jlts In signal region

CDF Run Il preliminary, L=976 |:.b'1

‘E Fakes
fﬁegmuncf ol | 0B 2 A
sy ;:10-1? Mz, VzZ
+[ 3 = susy
oe 04+ 0.1 0.6 1—1T
(low pt) -
107
ee+track | 1.0+ 0.3 2.0 3 104'
u+ll N -
(0' 7 5 f5—1) 1'2 +0.2 2.3 1 i I;l:munns:lass leercz1nl‘}SIG x'::rllen:::lsl
e+ [l 0.8% 0.4 2.1 0 \ | Search for 13; — ee+l+X
\ F CDF Run Il preliminary Drell-Yan
i : [l Dibosons
ee 2905 | 06 4 e+ i
i = m Fake lepton
[ _: » Data
107} [Jsusy
eu 40+06 | 17 8 J .
10°
uu 0.9+ 0.1 1.0 1 i,
0 40 60 80 100 120

E. Lytken, SUSYO7 Karlsruhe

Missing Transverse Energy (GeV)
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More examples:

CDF Run I Preliminary, | Ldt = 1.0 "

~—g+e+track selection

Processes
—s— Data

Drell Yan
| DiBoson (WW/WZ/ZZ)
[ Heavy Flavor (1i/6E)
—— SUSY 4l

T 1 IIIIIII T
i _1— T e

ee +tmc@

| 1 1 []
80 100 120 140 160 180 200
Missing E; (GeV)

CDF Run | Prellmlnary
M,= =100, M -130 tanB=5, >0 i
2 Data

Il acp
I wwizz
. wy

wz
[ Drell-Yan

J.Ldt=1.0fb'1

g

Li,{e—sz;qn
cﬁléptons

number of events

020 30 40 50 60 70 80 90 100 110

Leading lepton transverse momentum (GeV/c)
|IIII "III ||| Il ||I|||| |||| “‘||I|}III|||I“III'III||IIIII ||II “III|||||
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D
S
Q
=1

)
p
D

o
SR
XA
g

m0=60, tanf3 = 3, A0=0, {1>0

CDF Run 11 Preliminary: 700-1000 pb'l

=
(=2}

CDF Run 11 Preliminary: 700-1000 pb'l

0.9
o GNLOXBR N
03 e Oy X BR Uncertainty

— 95% CL Upper Limit: observed

----- 95% CL Upper Limit: expected
[] Expected Limit * 20

0.6 [ Expected Limit* 1o

CDF Run 11 Preliminary: 700-1000 pb'L

=
=

— Gy o*BR .
" Oy o*BR Uncertainty
— 95% CL Upper Limit: observed

----- 95% CL Upper Limit: expected
[] Expected Limit+ 2o
| Expected Limit £ 1o

mSugra

— Gy o*BR N
" Oyo*¥BR Uncertainty

— 95% CL Upper Limit: observed

----- 95% CL Upper Limit: expected
% Expected Limit + 26
| Expected Limit + 1o

=
[N]

[y

Excluded
by LEP

GOGXDXBR(3 leptons) (pb)
o3 D*BR(3 leptons) (pb)
=
-]

o3 D*BR(3 leptons) (pb)

Excluded
by LEP

W/Z decay

:
g Wz
0.2%

o

. Nolmixing

Excluded
/by LEP

o0 110 120 130 w0 150 f0 110 120 130 0 150 160 9 [10 120 130 140 150
Chargino Mass (GeWcZ) Chargino Mass (GeWcZ] Chargino Mass (GeWcZ)

Chargino mass limits:
Exp: 122 GeV/c? 157 GeV/c? not sensitive
Obs:  no new [imit 129 GeV//c?

Diff expected/observed limits due to small excesses for LS ell and ee+track,

O E, Lytken, SUSYO7 Karlsruhe @



mSugra: Projection

mSUGRA: tanB=3. u>0, A =0, m =60 GeV

CDF RUN I1 PRELIMINARY

— GN[_”XBR

---------- Gy o*BR Uncertainty
= 95% CL Upper Limit: observed | t'b']]
----- 95% CL Upper Limit: expected 1 fb
95% CL Upper Limit: expected 2 ﬂ:{;
= 95% CL Upper Limit: expected 4 fb_|
= 95% CL Upper Limit: expected 8 fb" |
95% CL Upper Limit: expected 16 fb

Excluded by LEP

&
ey,

ol ]
.
*
-
ey
.
,,,,,,,,,,,,,
"""""""""
,,,,,,,,

(3 )*BR(3 leptons) (pb)

-1

10

100 110 120 130 140 150 160
Chargino Mass (GeWcz)

Simple projection: This is
scaling the Acc. and
background with L

Assuming uncertainties
stay the same

hlation

With no improvements

(and no discovery)
can exclude up to 150

Gel/c? with 8 fb

OxBR(3[) < 0.20 pb

E, Lytken, SUSYO7 Karlsruhe



[y

% 1)XBR(3 leptons) (pb)
]

~0
2

o)

i
—

No slepton mixing: Projection

=3, u>0, My D-MyH~2Mig D)
CDF RUN I PREL

1]

no slepton mixin

IMINARY

TS0 R iy With no improvements:
= 95% CL Upper Limit: observed 1 t'b:]] . .
""" st vearmicopten! | Expected [imit for 8 fb

95% CL Upper Limit: expected 4 b

N\ SRR SRS g this model ~185 GeV/c?
” Excluded by LEP
OxBR(3[) < 0.04pb

e
pmmtE

extrapolation

-
"..
L]
*a
-----
LI ", ,y
..............
-
-------
by

W/Z decay: not sensitive

100 110 120 130 140 150 160 170 180 190 200 . :
Chargino Mass (Ge‘Wcz) Wltﬁout lmpTO’()e me ntS

E, Lytken, SUSYO7 Karlsruhe




g
L

Ty
e

.
.

-

.

-
o
-

.
-
-

-
-

-
-
=
-
-
.

-

-
.
-

e
...
- -

-

- -
.

e
-

.

e ...
... ..

- .

.

-
-

|

@
- N
- ™

e
-

.

.

-

.
.
-

.

e

&

g S S
£ el s
e e N !
g0 el
.

=

L

a4
&

o

£ <
S So—

3

=

e
-
o
T
D
-
=
-
-
=
.
o
-
o
-

-
-
-

-
-
-

. N
a8
2
]
L
il

.
.

.
=

e
g,

-
r

-
=
-
.
.

-
=
-
-

.

-
.
S
-
-
-
-
-
-
-
-
-
-
-

131 D
19 D
V¥V D
'\ rri s |
V1 | .

11
!

. .
e

&
.

-
.
9
e

-
.
o

-

——
T,
s
st
.

*
.

%

5

——

]
]
=
*2*2
-
]
]
]

-
]

i
-

.

[
[
e O

L
<
)

i

<'
s
s

-

.

.
.

-

-

.
-
.

.

-

- J
Wy g |
Sttt -
- 7

e 1
-
.

-
s

.
.
e
.
:
E
N A”PY

.

-

-
.

-
.
.
-
<
&

-

i
i

-
... -
s o
SR

. - -
e

i

-
-
=

_
e
e
-

-

-
-
.
.
-
-

-

.
.
-

:
-
.
-
.

A 4’
o Re
y
2o
=
.
.
-
-

.

!
.
o

-

.
-

-

-
|

¥ |

I 1
|
|

-
e

i
I L

r
-

F
.
.

-
- -
...

§
e

o
=
-

. . ey
- - .
... ... . o
... .
.
...

- .

- e

E—

e
e
.

-
e
S

G

¥y
|
‘i

-
.
.
-
.
-

.
L

.

-

-

= |
I ——

3
R
g

.
2
.
-

N

e

s

.

.
e

> %
0

-
-
.

5
=

-
|
"
o -
.
.

5
e

.
e

-
f
;.
i

-

.

-

i,
L
.

.

b
e
e
-
-
|

-
-

.

.
-

-

Mm
.
.
.
5

-

-
-
.

-
-
.
.

-

i
.
.
-
.
.
o
h 4

e e
...

-
-
-
S
S
S
S
S
S

S
R

S
S
S
S
S
S
S
S
f

s

e

P—

R

s

-
.
-
-
RSOOSR it oA O
3
H
cnbr 5587

L——

s,

o,

e

-
-
sty

-
=
.
.
.
.

-
e
e
-
e
e
e
S
S
-
-
-
ety
sy
sy
sy
sy
sy
sy
sy
sy
sy
sy
sy
S
S
S
S
S
S
S
S
S
S
S
S
S
S
.

]
]
]
]
]
]
]
]
]
]
]
]
-
.

sooibandot
spionon
el
.
e
.

-

e

e

e

- P
| T ——
.

-

-

. -
-

7.236.

. e
- foee

E
i
:
|
:
:
|
:
:
|
:
:
|
:
:
|
:
:
|
:
:
|
:
:
|
:
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

:
:
-




.N\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\NN\N“\\N“\NN\N“\\N“\NN\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\NN\N“\\N“\NN\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\NN\N“\\N“\NN\N“\\N“\NN\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\N“\H\N\N\W\N\W\

IN\



T hic analv/icice 1fh-1
11O AIUIAU VOO L1
'_‘Aom T T T T T T T
c)
ey
D 800+
§ /)
5 2005
. 600 i
B
£ s
é 4m_ —
2004 -
2006
2001 -
/2%/
0 e e )y
0 50 100 150 200 250 300 350
Day
Efficiency vs iLumi, Central-CEM
g .
[F] L |
E = Eﬁw
“osl d]*
0.6
0.4l
B m Per 9 data
02— O Previous Data
u_l 1 1 I 1 I 1 11 I 1 1 1 I 1 1 1 | 1 1 1 I 11 1 I 1 11 I 1 1 1 I 1 11 |
© 20 40 60 B0 100 120 140 160 180 200

><1|Jm

o~ I~ -
CUF

1, SUSY07 Karlsruhe

™

Run |

Em

Calorimeter




L

.

W/Z decay: Projection

MSSM: MOGIEMOO)=2MOM: B
BR{y:— 214%1=BR(Z— 21): BR(y —l +v+3)=BR(W  — I"+V):
CDF RUN IT PRELIMINARY

— g XBR
SNFOXBR Uncertainty _

=—— 95% CL Upper Limit: observed 1 tb
95% CL Upper Limit: expected

1
95% CL Upper Limit: expected 2
95% CL U%r Limit: exgcted g

1

b
th
th
95% CL Upper Limit: expected 8 tb

95% CL Upper Limit: expected 16 fb™!

=
_

=2
&
=
2
)
Ql
==
=]
2
=
=
122
]
1

o
)

100 110 120 130 140 150 160 170 180
Chargino Mass (GeV/cY)

T

! ,
‘m““““‘“““‘““““N“““‘“““‘““““N“““‘“““‘““““N“““‘“““‘““““N“““‘“““‘““““N“““‘“““““““mium| i) [ I!!iIII i

LRé1
.nl‘lll ih!:ill |




Main systematic uncertainties

Jet Energy Scale
Signal: can have visible effect
Lepton ID via & correction
(typical ~few %, up to 14%) Yo, e = =

Background: "

| JES +o

"
I
[l

MC statistics (up to 25%) - ":
Conversion removal (5-15%) o eeM C events
Fake estimation (10-15%) R ey e

Common: o e
Theory cross section (up to 10%) yP Sy

0) 0)
Cuminosity (6%) 15% signal, 25% bkgr

E, Lytken, SUSYO7 Karlsruhe




Arbitrary units

Lepton ID cuts

Ordered inp:

— First lepton

— Second lepton

Pt range w/o cuts

— Third lepton

ID (ﬁiciency Fake rate

Lon TN N T < A o B = « IO A% T - = B « s T S ]

0 10 20 30 40 50 60 70 80 E‘ N 0181 et E,>20 Gev ]
Lepton p, (GeV/c o 1+ : T i ]
pton pr ( ) o —|— —|__|_ P o _++_+ ,_0‘16 [ = Jet: E>50 GeV
5 -t Zoaf
g 0.8 Lo :;++ ] % T Jet: E;>70 GeV _ __
= 0 012} 1
E / : : é [ v Jet: E.>100 GeV
[} i ‘ : : | L 01 .
= %l Radiativey’'s g el
M § 0.08 |
0.4} S 1 woosf
—— Scale factor § 004 [
0.2 F i, .. —8—Data . )
- - DY MC (zewkém) 0.02
0 ‘ ‘ ; ‘ ; ol : ' \ . . .
0 10 20 30 40 50 60 6 5 10 1 20 25 30
muon p, (GeV/c) EF' (GeV)

E, Lytken, SUSYO7 Karlsruhe @



2
~

- M(eg) (GeVich)

“E
1

M(

40

30

20

10

0

-10

- M(eg)) (GeV/ch)

S
1

M(

-10+

50

40

30

20

10

0

MSSM: tanB=3, =0, M(}2-M(T-2M(xD); no slepton mixing

" MSSM no-mix

Il Il
100 160

110 120 130 140 150
Chargino Mass (GeV/c?)
mSUGRA: tanB=3, u=0, A =0, m =60 GeV
100 110 120 130 140 150 160

Chargino Mass (GeV/c?)

)xBR(3 leptons) (pb)

0.8

+
1

G(igi

0.6

0.4

0.2

Search for ig ijf —» el+], 1+ } .
MSSM: tanf=3, p=0, M(y3~M(7)~2M(%}); no slepton mixing

CDF Run 11 Preliminary: 700-1000 pb™

nLo<BR _
GnLoXBR Uncertainty

— 95% CL Upper Limit: observed

95% CL Upper Limit: expected

' Expected Limit £ 26
.| Expected Limit+ 16

Expected: 148 GeV
Observed: 151 GeV

,,,,,,,
""""""""""
.............

_______
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''''''

Excluded
by LEP

?DD

o, SUSYO7 Karlsruhe

|
140 150 160 s
Chargino Mass (GeV/c")

110

120 130




\\N“\\N“\\N“\NN\N“\\N“\NN\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\NN\N“\\N“\NN\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\NN\N“\\N“\NN\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\N“\\N“\\N“\NN\N“\\N“\NNHWHNNHNN\

Cnmn Nhean/nAd Evinnte
. OUlllC-U—UDClVCU |_VC||‘@— —

ﬁfﬁﬁMGeﬂ lee-Sng{ﬂ

* (41GeV)

s Ge i I;
o)




.5 GeV %Il

)

" Pr=8 GeVio |

leptons  BEESY . —

Max(Inv mass, OS)
= 72 GeV

Ma)((]nv mass, 0S) =42 GeV




