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CDF Performance

Luminosity (pb'1)
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|1 CP-Violating Phase f3,

Interference of decays with/without mixing > J/PP
Angular correlations of decay products to separate CP- \ /
even/CP-odd components as a function of proper time

Last summer, Tevatron combined result (2.8 fb!)

; / = sin(2f3,)
consistent with SM at 3.4% level (2.10)
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Rare B, Decays

B, - J/WK_and B, - J/ K* not yet observed (until now)

Suppressed by V4

Could be used to measure CKM angle y (Eur.Phys.J. C10 (1999) 299-306)
First step is observation and branching ratio determinations

Start from J/ — UM triggered dataset

Multivariate (K.) or multiple-cut (K*) rejection of combinatoric bkgd

CDF Run Il preliminary, 5.9 fo'
|

80 _GDF Run Il Preliminary, 5.9 ib' 801
E B + data
N, 70 - —— data N, 70 2 — total it
%‘ 6ok — total fit %‘ 60f | = B” s J/y K signal
E a : = R I B. — Jhy K signal
E spb I B — Jiy K, signal = &bk
e - B B. — Jy K, signal 55 -
8 a0 - 8 40}
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w | AL, @
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o o = u
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5 £33 o =
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F L N O e e e
g. ’ 5.3 5.4 5.5 5.6 . .
Jhy K mass (GeV/c?) Jy Kt mass (GeV/c)

Br(B, - J/y K*)
Br(BO - J/y K*)
Br(B, - J/y K,)
Br(B® - J/y K)

= 0.062 +/- 0.009 (stat.) +/- 0.025 (sys.) +/- 0.008 (frag.)

= 0.041 +/- 0.007 (stat.) +/- 0.004 (sys.) +/- 0.005 (frag.)




1" Observation of Y(4140)

Evidence (>3.80) of a new structure Y(4140) was found @CDF using 2.7 fb!
Y(4140) - J/P@through exclusive B* - Y(4140)K* decay (PRL 102, 242002)

Y(4140) significance >50 with the same cuts as before using 5.0fb! data

Suggestive evidence emerging for another structure at 4270 MeV/c?

10 CDF Run Il Preliminary L=5.0 fb"
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Charm Baryon Spectroscopy

Exploit our large sample of triggered /A, — pKrtevents to study 2 °,  **, A\ states

Simultaneous analysis incorporating all cross-talk between channels and threshold effects

‘13 3000—_ CDF Run II_j:rDeEI:'tr:inarg,r‘L=5.2ﬂ::'1 2500__ CDF Run Il_fs:tr:inary‘L=5.2fti1 1000__ — CDF Run i prelimir‘JaLrg.nL=5.2ﬂ::'1
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Am(A_ ) (MeV/c?) Am(A_ ) (MeV/c?) Am(A_ ) (MeV/c?)
m — m(AT)[MeV/c?] T [MeV/c?
¥ (2455)" 167.28£0.12 0.11 1.654+0.50 0.3 Comparable or improved
¥.(2455)tT  167.44+0.13 0.11 2.34+047 0.4 precision compared to PDG
Y. (2520)° 232.88+ 0.46 0.6 12.514+2.28 1.9 uncertainties (in red)
ZC(QE)QO)Jr+ 230.73+0.58 0.5 15.03 =252 2.1
AC(QL"')QL"'))Jr 305.79+0.24 0.6 2.59+0.56 +2.0-1.3
A.(2625) 341.65+0.13 0.6 < 0.97(90%CL) <1.9
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L - Pyu + Jets

e Updated with 6.0 fb!
e SelectZ’s in mass window 66-116 GeV/c?

e Midpoint cone-0.7 jets with p; > 25 GeV, |n|<2.1, correct to hadron level

e Test QCD by comparing with NLO calculations (MCFM)
10° CDF Run Il Preliminary CDF Run Il Preliminary
= = —e— CDF Data L= 6.03 fb" = 10% —e— CDF Data L= 6.03 b
= - [ Sytematic uncertainties o - [] Sytematic uncertainties
- * Bl > ~e— NLO MCFM CTEQ6.1M
o —— NLO MCFM CTEQ6.1M 0] =8
2 — — —— Corrected to hadron level
2 Corrected to hadron level -~ —O0— 2 A A
5 10°L e = M + p(2), Ry, =13 S 10 = Ho =My + Pri2) Hop=1:3
= W=24, ;1 =Hy/2 . = —_— Ho=2U0 i1 =p/2
- PDF uncertainties B - Ny PDF uncertainties
B ® ! Q B ——
i )Y o) -
- ©
s 15
10 - X
u Z/y*(— u'w) + >N jets inclusive . " Ziy(—>p'w) + 22 jets inclusive
T p'>30GeVic, Y| <21 * 107 pr 230 GeVie, |¥™| <21
10 -
(@) C 14 ;—
= 150 } 2 1.2
~ C I (o] -
s f 2 I
s I ~ 0.8-
- —~ E
C | | | | S 0.6 ! s C s
1 2 3 © 30 100 200
>N. o niet [GeV/c]



Il Prompt Diphoton Production

o ‘G“ :I | | .I T T T | T T I‘1I | T T 1 | | L | I T 1T 1 | J__
Another sensitive test of our £ [ OhN Oiphoton 54 =e= Data .
understanding of QCD S [ \Rre04,Is0<2Gev —— DIPHOX CTEQSM |
"'_; | Preliminary Be=p, = =M/2 7]
Two isolated photons with lead J10°- ---- RESBOS CTEQEM —
(second) E; > 17(15) GeV - e
Jet - photon fakes subtracted using - -
new ‘track isolation’ algorithm 101 .
N: 10 §I I‘:IEJFI ;II ID|. I}J. Itl | I I:;ll4|flbl‘1l I | T'TTT | TTTT | T TTT | TTTT | TTT I§ E E
= Iphoton . o L ]
‘:g - ET-‘-'15,1TGEE Inl<1.0, =& Data N
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Q 1 Preliminary 1= = = M2 = N . Sengs o e E
% - - --- RESBOS CTEQ6M 3 ]
~ I P PYTHIA scaled x2 | }
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107 = Ao (rad)
‘ ;
10'31?—5 = . .
: - Split data into large number of
§ kinematic regions, compare to
10* i ! P Pythia and two NLO calculations
; — (DIPHOX and RESBOS)
10-5 _:I | L1l | Ll | 1 | 1 | L1l i Ll | 1 | 1 | i
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Jet Substructure

. . . . CDF Run Il Preliminary
Boosted heavy particles manifesting as single g0 R DR e B
jets recent hot topic n —e— Dauie)
: B <---h-==- Pythia614
Lead jet E;>400 GeV, second jet E;>100 GeV .~ | SR
: N = e L, = 5.95 fb"
Remove potential t-tbar contribution 3 - .3
= 0015
e second jet mass < 100 GeV (all-hadronic) 2Tt ¢ *
ﬁ g
. . e . 1-|z-—- 0.01 = u
e MET significance < 4 (lepton+jets) F+« B
E e
Compare to PYTHIA and theory aoE e,
E "-::*M
) pe ey ey
0= 50 100 150 200 358"+ 400
m* [GeV/c?]
CDF Run Il Preliminary CDF Run Il Preliminary
0.008 - Midpoint R=0.7, 400 < p!"" < 500 GeV/c, 0.1 < ™| <07, 0.008 :_ Midpoint R=0.7, pf“ > 500 GeV/c, 0.1 < ™| <0.7,
. = p*? > 100 GeVie, m™ < 100 GeVic?, S, < i = P > evic, " < evic’, S, _ <
toor = > 100 GeV, " 100 GeVic*, S, 4 0007: 100 G WData 100 GeV/c*, S 4
e Pythia 6.1.4 R e Pythia 6.1.4
‘E' 0.006 Systematic Uncertainties 'E 0.006 ;— Systematic Uncertainties
g.: 0.005 = Theory Curve (gluons) E 0-005;"- ' Theory Curve (gluons)
r, = Theory Curve (quarks) r E " Theory Curve (guarks)
%“F%. 0.004 L, = 5.95 fb” %-"Ii% gl L, = 5.95 fb™
,_|z:g 0.0031 ,-|z.‘§. 0.003 1
0.002F- 0.002—
0.001F 0.001F
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11" WZ Production

CDF Run II
: ]
WZ - lllv with 5.9 fb 14[ WZ Signal (Z-Peak Region): All Jet Bins

e Three leptons p;>20,10,10 GeV :

12—

e MET > 25, any # jets 1ol

Suppress background by fitting 8
multivariate discriminant

0(WZ) =3.7 £ 0.6, +0.6-0.4, , pb || ﬁ_w
2
TL

1 l 1 1 1 1 J 1 1 1 1 L 1 1 | 1 1 1 1 | 1 1 1 1 1
0 0.5 1 15 2 25 3

AG (W-Lep., E;)

-9
| !

TT
—_—

g i - CDF Run Il Preliminary L = 4.3 fb”
I 3 e ®0a Starting to search for WZinZ - bb
: XY : o decay modes
w__ B Like WH but larger background at
; - Mo n-W 90 VS >115 GEV
C Bz -+ ets
- wwzz High-p; lepton, high MET, two jets
1 e b-tagged with very loose
: multivariate b-tagger (RomaNN)
101;_ NMerr Limit: 0(WZ)/SM < 3.9 @ 95% CL
1.5 1 -0.5 0 0.5 o :I o .1.5




WZ and ZZ Production

= - o
Lepton ID optimization ~_‘°_=512: ] CDF Run Il Prehmmzrijdt—Sfb
e L —*— data
e Improved electron/muon isolation 10 %?—%ppﬂete
e Recover central/plug transition 8:_ T Ll
e Tight track quality L
Selection: 3 leptons + MET>25 GeV 6;_
Normalize to Z — |l cross section 4; J
[} - & L
"dC: 4.5; CDF Run I PreliminaryJ Ldt=6fb" 2 # +
I.E - -+-Data '
4 [zz % 20 40 60 80 100 120 140 160 180 200
3.5 W m,
30 Also select ZZ - Il (bkgd < 0.01 event!)
2.5§— Only M(ZZ) < 300 GeV region for now
2_ (high mass is a search region)
1.5+
13 M o(pp — WZ) — (4.1 +0.6(stat) + 0.4(syst))pb
0.5 )
- »MJJ L o(pp — ZZ) = (1.7 *L2(stat) + 0.2(syst))pb

00 20 40 60 80 100 120 140 160 180200
m;



1 ATGC in Zy Events

No ZZy, Zyy vertex in the SM

General trilinear model for ZyV has 8
parameters h (i=1-4, V=Z or g)

Only consider CP-conserving h,Y and h,"
Select ZyinZ - lland Z — Vv decays

Optimize photon p; cut, compare high-
p; tails to templates of various h.Y

Data are consistent with SM, set limits
(for cutoff of A = 1.5 TeV)

Parameter Measured Limit in Data

hy (-0.017. 0.016)
h) (-0.0006, 0.0006)
h¥ (-0.017, 0.016)
h#% (-0.0006, 0.0005)

Better than x2 improvement
compared toZ - Il alone!

CDF Run Il Preliminary (5.1 fb™)

Evts/GeV

Evts/GeV

4
[ o Data
3‘ Prediction
2r |
X 2y, Z > |l
1
_l_
o 100 150 200 250
Photon éT {GeV)
CDF Run Il Preliminary (4.9 fb'1)
I I | I 1 :
2.50- o Data _;
) <=> Prediction =
1.5 + ZyY, Z > IV -
1 + -
0.5 + -
z S :
0 150 200

250
Phntnn E (Cxa\/\
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Top Pair Cross Section in Dileptons

100

e Low BR relative to |+jets but high purity
e Require two high-p; leptons, high MET
e Opposite-charge, 22 jets and H; > 200 GeV, b-tagging
CDF Run |l Preliminary (5.1 fb™)
E | I I N B [
L —— e data E 050k —@—data
BOO = %< Bkgd £ 16 uncertainty - - 3 )
E [ Jtt(c=7.4pb) : [ [ Jtt(c=74pb) Z
S S O WWIWZIZZ £ - B ww/wz/zz 1
mm_ ................................................... :IBY-'-HF ..................................................... —
- B DY:+LF ]
5 - B Fake =
5 g1 S
5™ 5 "1 A
LU 400 w | i

TRl U

B " —— 7
| - i i
D jet 1 jet >2jet  HT>200+0S 0 1 jet >2jet
(HT>200+0S)
Oprerag = 74+ 0.6, 0.6, 0.5, pb

Optag = 7-3%£0.7, £0.5., 0.4, pb



Top Pair Cross Section in Lepton+Jets

e High-statistics |+jets decay mode

e One high-p; lepton, high MET, b-tagging

* Main baCkground IS W+j€t$ CDF Run Il Preliminary 2.7 fb™ |

‘E - ® Data S
Use jet multiplicity and 2350 WTop > © O O DO
flavor/multiplicity of the # [ E’ =$:: S & & & EEg
b-tagged jets to fit for SO0 = EWe voT T Naad
W+jets cross.s_ections 2s0F- E qu E E E E EEE
and b-tag efficiency r - Baco O I - iy e

Jet flavor determination 200
using properties of the o
b-tag displaced vertices
| CDF Run Il Preliminary 2.7 fb"" | - 1000
s | S 50 ot
L2500 EWbb Lf g
E E IWCC 0 _Lzzhg!-!.!_ﬁ'-!!hﬂ__-!%ﬂ-—.— 5 i of
200F- Awe 0O 10 20 30 40 50 60 70 80 90
- OWaq ? | ndf = 88.37 /94 |
i EW
150:— rjQco
100?—

50

Oy = 7.64 £ 0.57 11060 £ 0.45,,.: pb

l.,-1 08 06 -04 -0.2 0 02 04 06 038 1

KIT Flavor Separator output




Top Pair Cross Section in MET+Jets

Select t-tbar in MET + 2/3 jets
Veto charged leptons — no overlap

Recover dilepton and |+jets events
where the lepton is lost

MET > 50 GeV, jet E; > 35,25,(15)
At least one of two lead jets b-tagged

Multivariate discriminant to separate
signal/backgrounds

CDF Runll Preliminary L= 5.7fb
L} I L] L] L] I I I I I I I

i Langenfeld, Moch and Uwer, arXiv:090&6 8373 (2008)

n — -4, Combined 7.12°,% (pb) |

i R 1s 7.8070°3 (pb)

I ss 6.007°5 (eb)

i s 83 7.35 ., (pb)
L I [] 1 [] 1 I 1 1 1 1 I 1 [] 1 []
5 10 15 20
GT:_&& {Ph}

S 60 CDF Run II Preliminary L = 5.7 f£b': |
2 | 4 ss Il Top Pair [ Single Top [l Diboson |
5 [ Multijet []W+LF []W+HF
B [ ]Z+LF [ ]Z+HF —— DATA

40

20
g
=1 5
AL
Z

Split sample by b-tag multiplicity as in
Higgs, single-top searches

Good consistency between channels

+1.20

On=7.12 7,

(stat+syst) pb



Il Top Quark Mass in Lepton+Jets

Lepton+jets channel is the most powerful SR T T LT A S
for top mass _Number of events
Good yield vs purity, only one neutrino 25[,_: } }
High-p; lepton, high MET, =4 jets, b-tag f }
200
Event-by-event background probability . :
from kinematic NN Bl E
Matrix element probability reflects event j
constraints/correlations 1““‘: T !
CDF Run Il Preliminary 5.6 fb” 5D-: .
Cand : . | .
4 e . .
< 0o 2 0 2 4 6 8 10 12 14 16 18
0.4 Log-likelihood value at peak
n Signal (172.5) + background MC = Data events
0'2:_ B Background MC
0
020 — A(InL)=-05 _ .
E — A(nL)=-2.0 Calibrate the jet energy scale from
04— ' the hadronic W decay jets
- —A(nL)=-45
DB~ , | Lo b b e b e
170 171 172 173 174 175 2
m, (GeV/c")
_ 2 — 2
m,=173.0+ 0.7 ., + 0.6, £ 0.9, ., GeV/c? = 173.0 + 1.2 GeV/c



CDF Top Mass Combination

A M(total) GeV/c?

-
o

=i

|Wil /X |Wi| in CDF combination
o
D

Analysis

CDF Top Mass Uncertainty
(projection from 680 pb™)

1fb! 27 5ib" 10fb°

CDF Top Quark mass (*Preliminary)

L4
.',.npﬁﬁfv

— %
- ¥ CDF Results
B * Run lla LJ goal {TDR 1998)
S aistat) scales as TA/L, Alsyst) fixed
e Altotal) scales as TNL
i AM/M, = 1%

III 1 1 IIIIII| | 1 IIIIII|

10 10° 10*

Integrated Luminosity {pb'1]

&
All-hadronic
(Run |) 186.0+10.0£ 5.7
&
Dilepton
(Run 1) 167.4+10.3+4.9
&
Lepton+jets
(Run I) 176.1£51£ 5.3
. e e
Dilepton
(4.8 1706+ 2.2+ 31
&
Lepton+Jets (Lxy+lepton p_)
1omY T 175.3+ 6.2+ 3.0
. -
Lepton+Jets
(5.6 fb7) 173.0+06+11
- -
All-hadronic
(2.9 1748+1.7£1.9
. -
CDF Summer 10
: 173.1£0.7+£ 0.9
(up t0 5.0 17) (stat.) + (syst.)
Am,,,=1.16 GeV/c? x2idof = 3.8/6 (70%)
| | | | | |
150 160 170 180 190 200

My, (GeVic?)




Tevatron Top Mass Combination

m,=173.3+ 1.1 GeV/c?

0.6% precision!

Mass of the Top Quark

(* preliminary)
167.4 £11.4 +103+49)
168.4 £12.8 +12.3+38)
170.6 £ 3.8 (t22+3.1)
174.7 £ 3.8 (t29+24)
176.1+ 7.4 (+51+53)
180.1£ 5.3 (t39+38)
173.0£1.2 xoe+1.1)

173.7 1.8 zos+18)

July 2010
®
CDF-I dilepton
_ ®
D@-| dilepton
+
CDF-II dilepton *
I-l—.——l
D@-II dilepton *
CDF-I lepton+jets
D@-| lepton+jets
_ &
CDF-II lepton+jets *
-0
D@-Il lepton+jets *
CDF-I alljets
+
CDF-II alljets
@
CDF-Il track
&

Tevatron combination

*

®
186.0 £11.5 (z10.0£5.7)
1748125 1719
175.3£ 6.9 (62130
173.3+1.1 ros+to09
{+ stat + syst)

x?/dof = 6.1/10 (81%)

150 160

170 180
Miop (GeV/c?)

190 200




I'l" Top-Antitop Mass Difference

Test of CPT invariance using the high-
precision top mass machinery (5.6 fb1)

e Lepton+MET+4 jets, split by 0,1,2 b-tags
e Split by lepton charge
e Introduce Am____=m in fit

reco

Correct to “true” Am

m

top  '''antitop

top USiNg MC samples

= +
Am,,=-33%+14
CDF Il Preliminary (5.6 b
o
% 70— 1-tag (-) lepton: 380 events
g 60— @ Data
= sol_ F7] signal+Bkgd
= E
3 40—
30—
20—
10—
366150 -100 -50 50 100 150 200

A My, (GeVic)

sta

Events/(16 GeV/c)

2-tag negative lepton

2 01
g i — A M, =-10(GeVic")
_E L
< 0.08 B —aM =0 (GevicY)
0.06— - — AM, =10 (GeVic?)
0.04[ |
0.02
= [l 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1
-QSO -100 -50 0 50 100 150
A m, (GeVicT)
+ 2
1.0y, GeV/c
CDF Il Preliminary (5.6 b
50— 1-tag (+) lepton: 340 events
@ Data
40— P signal+Bkgd
i Bkgd only
30
20— + +
10—

-800 -150 -100

-50

50 100 150 200

A m,, (GeVic?)



Il A in Top Pair Production

QCD predicts a small effect (4-6% from MCFM)

Reconstructed Top Rapidity (Lab)
0

..260 Data (Afb = 0.0730 +0.0281) COF I Prelimi
. 5 Mo . . ata-Bkan =0 +0. reliminal
Hadronic top decay has best rapidity pointing 2 o T Lesam
. 500 tt (Afb = -0.0068 + 0.0022)
Measure A; in lab frame B
Rapidity difference allows access to t-tbar frame 400~ | |
Unfold to parton-level using migration matrix 200 :*:
Reconstructed A, (qAy) for Data 200= I t
1_2__CDF=II Prel[n;ninary Data_Afb
S D 100
'
- 0.021 £ 0.031 0.208 £ 0.062 QZ 1.5 1 0.5 0 0.5 1 1.5 2
0.8 0029 £0.040 0.291 £ 0.090 Qy, =Y, =Y
"L 0.026 £0.104 0.611 £ 0.209
0.6 $ At Apg = 0.150 £ 0.050,,, + 0.024 .,
04l Aitpars Apg = 0.158 £ 0.072,, £ 0.017
. 2: | Study rapidity dependence using A, .,
Ay<1.0: A =0.026 £0.104,,, £ 0.055
04’7 : _
L1 cooc b e P e vy by g Ay>1.o : AFB - 0'611 i 0'2105tat i 0'1415yst

0

0.5

1

1.5

2 2.5 3
QAY =Y, -y

MCFM : 0.039 + 0.006 (<1), 0.123 + 0.018 (>1)



Top-Antitop Resonances

CDF Il Preliminary 4.8/fb

Matrix element event analysis in
lepton+jets sample

Standard Model tT

- W+jets and EWK backgrounds
- non-W background

Use full probability density for
each event (previously used
mean m,, from each event)

Preserves information about
high-mass tails

probability density/20 GeV

400 600 800 1000 1200

m, [GeV/c?]
CDF Il Preliminary 4.8/fb
g 2 \ - [CJ95%CLinterval -
g % \ [ 68% CL interval
I \ — — leptophobic Z' : 5 , -
3 M \ ________ expected limit f ata are consistent wit
N 12F o = SM expectations
° f \ observed limit E
osk E Exclude 0 x BR more than
oob E 70-260 fb for resonances
oab F above 650 GeV/c?
02 -
0* 4[|]D ﬁlil[l 8[|][] 1IDI[][] 12|DIZI 14|0[] TGTDE

m. [GeV/c?]



Boosted Top

CDF Run |l Preliminary

Idpaint =10, " > 400 GaVie, ™| <0,7,8__ <4

|
"' = Data, L  =5095fb"
. .Ir‘l

Like jet substructure, but reverse the 400
t-tbar veto cuts

Cone-1.0, jet p; > 400 GeV C

All-hadronic:
both in 140<m<210 GeV, S, <4

Lepton+jets:
140<m,<210 GeV and 4<S,,.,<10

Double-sideband method to estimate
backgrounds A

Expect 5.8 top events (0=4.6 fb)

00 350 400

50 100

150 200 250 3
m*" [GeV/c?]

Bkgd: 76 + 10, +26-20

syst

Observe: 103 events

0,,(p;>400) < 54 fb @ 95% CL

Arbitrary Units

150 200 250 300
m"™" [GeV/cY]



Produced with a spectator light quark
Decay to light quark 100%

Similar to single-top but no b-jets

High-p; lepton, high MET, 2 jets
jet E; > 60 GeV optimal
Main background W+jets

ﬁ_ 68% of Pseudo-Experiments
a 95% of Pseudo-Experiments
o CDF Observed
T
foX
=L
e 1F .
et -
O
&
E
—
O -1
210 | _
(Ip]
(o)
300 400 500 600

helt
M, [GeV/c’]

11" Singly-Produced Heavy Quarks

CDF Run Il Preliminary, L=5.7fo' | W+jets

: - ot ' ] Non-W
Signal region I3 Diboson
[ Z+jets

B tt

[ Single_top
—— Data

1500

1000 |

Events

500 |

30 400 | 500 EOU
M,, [GeV/c’]

Search in M(IVj), mass of the lepton,
neutrino, and leading jet

No excess observed, limits on a(pp — gQ)
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High-Mass Dimuon Resonances

First CDF direct exclusion above 1 TeV
PRL 102, 091805 (2009), 2.3 fb!

New: twice the luminosity, matrix element to
incorporate muon p; resolution weighting

CDF Run II Preliminary 4.6 fb™

10

10%

Events

107 F

10° K

10

200 400 600 800 1000 1200
M, [GeV/cT]

CDF Run II Preliminary, 4.6 fb "

g 00 S | I

e —— Med. 95% CL limit -

] ]

& . i

B 0.040 - 689% of PEs |

‘_'N -

= 95% of PEs i

%) | i

- 0.03 Z_,, Theory |

—— 95% CL limit i

0.02 _

4+ Data 8

7y A i

— 0.01 —

tt B —

B ww : .
D | e : | | | | [ | | ] | |
. ESLECE 200 400 600 200 1000

Z’ mass [Gercz]

M(Z’,,) > 1071 GeV/c? (95% C.L.)



11" High-Mass Diphoton Resonances

General search, interpret in :
Randall-Sundrum graviton 102 [
scenario
=
SM diphoton background: DIPHOX &
NLO calculation matched to Pythia 3
8 10
102 _
107 i

10°

0L "

!

_Search for X—yy
: —— CDF, 5.4 fb"

—— Total background

------- Jets faking photons

CDF Run I Pngalimir"laryr _

iy
[T
L i ""‘--.._.__‘__‘-h..__‘\—g
200 400 600
m(yy) (GeV/c?)

_CDF Run Il Preliminary, 5.4 fb"

[ | [__] Excluded at 95% CL

.......... Expected limt

L | [ ] cDF 1.1 1" PRL 99, 171801 (2007)

r
-
‘‘‘‘‘

----

'''''

Limits on RS graviton mass and
coupling parameter k/M

- Exclude up to 976 GeV/c? for
1 k/M,;=0.1

400

600 800

Craviton Mass ((Ge\//e2)

1000



11" Multijet Resonances

Model independent search for pp — QQ — 3j+3j = 6j '

Start with 6 jet selection Q % ’

Separate three-jet combinations that are potentially g CDF RUN Il Preliminary
correlated using diagonal cut (invariant mass pole) AL AR R L R S R AR A

—_
o
(=]
o

900
800
700
600
500

Optimize cut for each mass point

2

QCD background parametrized from 5-jet events

2

3 jet invariant mass [GeV/§)

HII|H9| \II|HII|HII‘HII‘HII‘\II\'H

- R T T |||HHl.
—
2

Set limits on RPV gluino scenario 400 v
. g 300 .. PYTHIARPV Gluin
Most significant excess 20 near top mass 200 m=133 GeV/2 b
(only expect ~1 entry for t-tbar) 100 > 20 entries per event
(100 200 300 400" 500 600 700 800 900" 1000 |
> ) Ip| [GeVic]
- _ CDF RUN Il Preliminary 3.2 fb™ _ T
g, SO T T T T = CDF RUN Il Prefiminary 3.2 fi”
S ° sob- +zajetoata _:—3500,---.---.---.-~I---.---.-re-'f”-'”a-r¥-'--.--
£ 705_ QCD Landau prediction _E 53000 95% C.L.c observed
25 - + Gaussian fit 3 ; _ —— 95% C.L. o expected ;
60 fixed at m=112 Gevic? — $2°00 f [ +150n95% C.L. 5
50 E_ {diagonal cut value 155 GeV/c) —E n 2000 ;_ I:l +2c0n95% C.L. ]
a0F- = T %1500 -
30 3 Z1000 | .
20 = 500 f ]
105 - = oF e £
E 1 ] I | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 _I’_|I>—~I__'T : E L L L L L L 1 1 I ]
% 50 100 150 200 250 80 100 120 140 160 180 200 220 240

3 et invariant mass [GeV/c2] gluino mass [GeV/c?]
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WH - lvbb (Neural Net, 4.3 -, 5.7 fb'1)

All Lepton Types

Multiple subchannels to optimize S/B ST4ST CDF Run Il Preliminary (5.7 tb”)
10°E —+— Data
e Four b-tagging combos of three algorithms : — oo

I diboson(WW Wz Z7)
I single top (t-ch)
[ Single top (s-ch)
1+

B WicTic

I vy, bE

[—
Higygs WH/ZH (115GeV) x5

e Flavor separation for single-tags 10°

e New isotrack selection (loose electron/tau)

Multivariate jet energy estimator (improved mjj)

Final Bayesian neural net discriminant 10F
CDF Run Il Preliminary (5.7 fb™) 1:_
= ! : - : =
N -
= B
E10°E o st -
_j IR Expected Limit _'_'_'::_'::_'_'::_'_'_'_'::_'f,'_'_'::_'_'_'_'::::_'_'_'::_
d B Pseudo-Experiment £ 10 o " T e b b b b b bvnna baw o v aa | 1
52 B o A T o 0 0102 03 04 05 06 0.7 0.8 09
g F’seudo.—Experlrnerrt .:EEG ______ RS - Pt BNN Dutput {M = 115)

Exclude 4.5xSM @ 115 (expect 3.5)

10% sensitivity gain beyond
luminosity for this iteration

Standam Muéﬂel

1||I||||I||||I||||]||||]||||I||

100 110 120 130 140 150
Hirne Mace ((Cal//n2)



Il WH - vbb (Matrix Element, 4.8 — 5.6 fb'")

W + 2 Jets, SVSV CDF Preliminary, L= 5.6 b’

Similar selection and subchannel 150} -« CDF Data
division as NN method @ TJWH (115 GeV)
Doesn’t include loose lepton and third 5 M single Top 8
b-tag algorithm used by NN method > F Dt a
- : w 100p M W+HF e
Does include 3-jet events as second ] - -
L | PwiLF S g
channel © L 2 N
_ N o] || [JOther £ T
NN — matrix element probability S 50k WHA115x5 & £
e U S
m -
i € 5 06 07 08 09
CDF Run Il Preliminary, L= 5.6 fb , 2 and 3 jets B Event Probability Discriminant
= 10‘2 U DU DU SRS S USRS N U JUNS AL SO UL S PR SRS ARV AU AR 1 il r : pbetlbe gy
» 68% of Pseudo- Expenments B SRS Sttt e et e P P LR
| 95% of Pseudo-Experiments 75T ] 0.2 04 06 038 1
| .. =——w— CDF Observed ... [ — — 1
| —=— CDF Expected oo e Event Pl'Obablllty Discriminant

| = NLO SM Prediction

—
o

Exclude 3.6xSM @ 115 (expect 3.5)
e 2jet:4.5(3.7)
e 3jet:8.5(15.8)

05% C.L. Limits on o(pp— WH)xBR(H— bb)/S

—
T
i

100 110 120 130 140 150
Higgs Boson Mass [Gewcz]




ZH - lbb (4.1 — 5.7 fb'")

Lower BR but high purity

No neutrinos — can use p; balance to
correct jet energies

Separate by b-tag and by lepton purity

New — include events with two loose
muons — 10% gain in sensitivity!

2D NN to separate ZH/top and ZH/Z+jets
CDF Run Il Preliminary (5.7 fb™)

c% ZH — I'U'bb (all sub-channels)
E E ted
.§ Xpecie
- — Observed
b 102- 10 Jl
=7 ! .
= ] +20 .
)
-
@
N
e
(=)

1 L D D I

100 110 120 130 140 150
M. (GeV/c2)

Number of Events

Number of Events

CDF Run Il Preliminary (5.7 fb™)

12

Double Tag (High S/B) @ data O ww.wz.zz
Z +1f jet i
10 ] M, = 120 GeV/e? x 25 After NN Corr. [z + 1t jets [ Fakes
M, = 120 GeV/c* x 25 Before NN Corr. Bz+w [t

I:l Z+ce uncertainty

M;; (GeV/c?)
CDF Run Il Preliminary (5.7 fb)
]  Double Tag (High S/B) ® dta R
25 [[] Z+If jets [ | Fakes
I:l My = 120 GeV/c’ x 25 Wz+vb [
20 ‘: []Z+ce uncertainty
15
10 +
5 ._: =

—_———— b —
0.2 0.4 0.6
NN Output Projection On To Z+jets vs. ZH axis

Exclude 6.0xSM @ 115 (expect 5.5)




' VH -~ MET +bb (3.6 — 5.7 fb'")

CDF Run II Preliminary, 5.7 fb’
T

o F T T T ‘ T T T T | T =
. . . N i
Select on missing energy to pick up both S 5ol B Hices DT
Z - Vvand W - |v with lost lepton g | I Multijet
g I B W+HF
. . A
Data-driven estimate of fake tags/MET : =Iz)f5F
- 1boson
Reject much of fake MET using a second 100[- =§§ng°" .
. - p Pair
track-based MET estimate I .
=i Signal (x10) 4
W/Z + HF from ALPGEN+PYTHIA
50
CDF Run Il Preliminary, 5.7 157 '
= f 0 i
= — 68% Confidence interval -2 -1 0 1
E i — :: !:;i:;:ﬂ::::;:t:::l o 1000_.C[‘)F.Ru.n I|I Plrel?mi‘na‘ry.li‘:v' ftlfl‘ A NNS-Ig
. Observed 95% C.L. limit g B Higes 1
. £ I Multijet
t: = HE W WHF
g ~ & W z.ur
E Il Diboson
5001
ql HI O|5 ~ 0 0.5 1
1 — — — — — TrackMET NN

1 | 1 1 | 1 1 1 1 1 1 | 1 1 | 1
100 110 120 130 140 150

Higgs Mass (GeV/c?) Exclude 2.3xSM @ 115 (expect 4.0)



" H - 1t (2.0 - 2.3 fb)

Can probe VH, VV - H, gg —» H together

Only access to gg — H at low mass

One e/l p; > 10 GeV, hadronic T p; > 15 GeV
Two channels: 1 jet and 22 jets

- CDF Run Il Preliminary [ Ldt=2.31b
7 :

ID hadronic T and separate signal/bkgd

8 10"V =120 GeV/icZ . . . ..
§ > 2 jets channel e using multiple boosted decision tree
@ B Zsee discriminants
.102 — ] -Zé_—)}.l]..l
- |:|fa§<es from SS data
B e . ] atgjd-on W-jets
10'_ Ir‘r_q_l' L %E’iom _CDF Run Il Preliminary rL dt =23 f”
E :\si?nalx 100 ﬁ _ ....... Expected
- _ T 150 £1G
I T | t2a
'15_ S E — —— (Observed
- | m
- . -
=  100f
107 "
; | | S
1.0 0.5 0.0 '*g
BDT output (minimum score) 3 50
Flat sensitivity vs mass compared to bb -
- R - -
2
Exclude 28xSM @ 115 (expect 25) B OEStandard ode _
10-40% better sensitivity vs last year © 100 120 140

M (2 al (2}



1T Since Last Combination (Nov 09)

95% CL Limit/SM

10

CDF Run Il Preliminary, L=2.0-4.8 fb™

"/ 'WH = Ivbb 43 57 . L
 ZH — llbb 41 .57 ~Ummmpee ]
' VH - MET+bb 3.6 - 5.7

- T 20223 4 ww 48 Ls9 -
VH — qqbb 2040 | pursley W&C 6/18 o

H - vy N/A — 5.4 T .

""""""" E—— @y 0
;';'.'i-'é'-f;;""'"'"é“"""-'-';';'.'.'.',';' ... """""""""""""""""""""""""" S |
SM=1 - E

OO 1t|\\tN°"emb|er62°°

100 110 120 130 140 150 160 170 180 190 200

H(GeV/c )

Expect ~15% sensitivity improvement



'l" Conclusion

e CDF physics program is strong and vibrant

e Large number of new results in the past few months
— High precision and high sensitivity
— Analysis techniques evolving to maximize the

information from each event

e Future looks just as bright
— Large additional dataset still to collect & analyze
— Searching in signatures never before examined

e Thanks to everyone in CDF, DO, FNAL accelerator and
computing divisions, and our funding agencies for
making all of this possible!



