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CDF & DO Detectors \

» Silicon tracking
» Drift chamber/Fiber tfracker

» Electromagnetic & Hadronic
Calorimetry

Had Cal

EM Cal

Solenoid

» Muon Chambers

Silicon Tracking

» Tevatron: p— x «— p /s=196TeV

» Delivered luminosity to date: ~3.8fo !

» Analysis shown here use up to 2.4 fbo™*

K D@ Detector /
]
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Standard Model and the Higgs \

The standard model needs a Higgs or Higgs-like mechanism

» To explain electroweak symmmetry breaking

» And give particles mass

6 March 2008 My imie = '160 GeV
Direct searches at LEP tell us Aa® |
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Indirect constraints from EW data pre- « 3_' |
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of

1_ —

My < 190GeV 0 | Excluded . Preliminary |
30 100 300

\ m,, [GeV] /

Dean Andrew Hidas, Duke University/CDF, 9 April 2008 2




Deep Inelastic Scattering 2008

Standard Model Higgs Production \

» Four main production mechanisms ! Q00
» Gluon fusion is the dominant process A H
at the Tevatron
g \RQQ)
» Associated production (particularly useful q H
for light Higgs for better S/B)
w
SM Higgs production
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Higgs decay modes depend on my

» Formy < 135GeV

» Formy > 135GeV
Higgs decays mainly fo WHW—

o(gg » H) xBr(H - WW)

P R R NI ST N
120 140 160 180 200
Higgs Mass [GeV]

Higgs decays predominantly fo bb

Standard Model Higgs Decay

: SM Higgs branching ratios (HDECAY)

bb

WW

0-1 O ‘[:"‘:'

_ o —

10-2¢
vy Zy
10—3 1 1 1
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» Forgg—H —-W'W~ o xBR

Peak sensitivity for my = 160GeV

Comporgble sensitivity to
VH —Vbb at 130 GeV

200

/
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» W Decay Modes

Hadronic 67%

» Dilepton (e 1): BR= 5% ;
Very small BR, clean, easily o
triggerable Fer,
Sensitive to 1 — (e 1) ™

» Lepton + Thag: BR= 4%

Leptonic 33%(e, 1, T) W

/ H — WT™W~ Final States

Jets

tau

mu
e

Of potential use at tau
CDF and DO mu
» Lepton + Jets: BR=30% e

Large BR, but large W
+ multi-jets backgrounds

» All Hadronic: BR=45%
\ Largest BR, but huge QCD backgrounds
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DOWH —WWW \

Search for WH — WFW*W* — ||+ + X using 1 flo=1

» Look for 2 like-sign leptons (ee ey, P
» Largest background is charge misidentification (mostly from Drell-Yan)

Discriminant is 2-D likelihood using Ay, my , Bt A(p[,gjr”, phad

D@ Run Il Preliminary

95% C.L. At my = 160GeV -
-
» Expected/ogy = 18 i I TE— o

» Observed/ogy = 24

=——— CDF Run Il preliminary 0.2’fb
—%— D@ 0.4 fo* (—)observed/(---)expected
—®— D@ 1.0 fb' (—)observed/(---)expected
Theory: (=)fermiophobic/(---)SW Higgs

o(WH) x Br(H - WW) (pb)
F_A
Excluded by LEP

----------
PLass
.
.
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.
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SM Backgrounds \

The final state we are interested in is the Dilepton final state:
Forgg— H — WW — [vlv

> MCIin bOCkgrOund iS Z/yk — 1l D@ Run IIb Preliminary ete- L=1.2/b

8 E' rrrTrTTrTrTrTrTTrTTTTT LA DL L LR B o ';
= = |~ data
» CDF & DO suppress this by ® 10*g E |-
requiring significant Ey 10° |-
After Drell-Yan suppression the 10° ElT .
main backgrounds are: 10 -
= W+jetsly
» Diboson production - ! M oeo
WW/ WZI ZZ 10-1 :ttb

M 1 L
0 20 40 60 80 100 120 140 160 180 200

» Top pair production - tt Ems(Gev]

» W+ jets - where ajet is misidentified as a lepton

» WYy - where the photon is misidentified as a lepton
(typically an electron)

\_ /
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/ Mairix Elements at CDF & DO \

don(Y)
(0) dy

P(Yobs) —

£(Y) G(Xobs, Y) dy

CDF Run Il Preliminary rL:2.4fb'1
Xobs Observed leptons and Bt Lo [T ME M, = 160 (GevicT i
mWy
y True lepton 4-vectors (I,v) o s
Oth Leading order theoretical cross-section o
(V) Efficiency & acceptance .
G(Xobs, ) Resolution effects
1/(o) Normalization
0 01 0.2 0.3 0.4 05 06 0.7 08 09 1
D@ Run Iib Preliminary e+e- L=1.2/ib LRHWW
§ 103 —e— data
g i CDF models 5 modes:
102 — Hygo - WWx 10
i o HWW, WW, ZZ, Wy, W+jet
Z-ee
10 I oo DO models 2 modes:
1 () s o HWW and WW
1o o= Use a Likelihood Ratio

[ o Pm(Xobs)
k 0 01 02 03 04 05 06 07 OBM(I)E%SC: LRm Pm(Xobs)+ i ki P (Xobs) /
8
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DOH —-WW \

To better separate signal from background DO uses neural networks

» Separate neural networks for ee ey, and pufor each mass
» Trained against weighted sample of all backgrounds for eeand ep
» Trained against main WW and W+ jetfs backgrounds for pu

» Befween 11 and 15 input variables are used including
Lepton Pr, Er, My, Ay, AR, and MEgjsc (slide 8)

D@ Run IIb Preliminary e+te- L=1.2/fb

—*— data

entries

|

10*

—— Hygp ~ WWx 10
10°

Z-ee

10?

*II_I,I,I] IIIIL|,|,|,| L1l

OO0 & B C]

Diboson

10

W+jetsly

QCD

ttbar

0 01 02 03 04 05 06 07 08 09 1
NN
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DOH —-WW \

D@ Run llb Preliminary e+te- L=1.2/fb

entries
Q
Y
Q

Further cuts are then applied
including cufs on — Hig - W10

» Minimum transverse mass (I, Et),
Er. My, Ay (right)

Diboson

W+jetsly

These cuts are optimized by
individual channel for different my

QCD

ttbar

ee ep m
Z — ee 0.8+0.6 0+0 - Signal/Background
Z — up - 0.39 + 0.25 632.6 + 10.6

Z— 7T 040 040 30.8 + 2.4 my = 160GeV/c?
tf 0.75 + 0.1 24, + 0.2 25.1 + 0.4

W +jets 1.5+ 1.0 3.0+ 1.1 66.7 + 9.7 ee 0.82 /10.7
WW 74404 14.6 + 0.6 46.2 + 0.4

Wz 0.07 & 0.05 0.66 & 0.18 8.72+ 0.6 el 1.76 / 21.1
727 0.14 = 0.05 0.02 = 0.02 7.19+0.3

Multijet 0.04 +0.7 0+0.5 14.5 + 2.1 UL 2.08 /831.8
H—WW  0.82%£0.02 1.76 + 0.04 2.08 + 0.03

Total BG 1071717 21.1£13+£34 831.8£29+34

k Data 10 18 839 /
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DOH —WW

IIb Preliminary ete- L=1.2/b

D@ Run

» DO final discriminant is NN output &

102|;—

» Example from eechannel :

10

» This Run 2b analysis combined F
, 1

with Run 2a (below) 3
10*

0 01
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..... bbb e Expected Limit
: : : : I Expected +1-0
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Q
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95% C.L. My = 160GeV)
» Expected/osy=24

» Observed/ogy = 2.

]

/
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CDFH —WW
. CDF Run Il Preliminary [L =241fb"
EVGI’]T Se|eCTIOﬂ EHWW ME+NN asm
140 WHets
» 2 Opposite sign high-Pt leptons 120 =,
(electrons or muons) 1005 oW
Pf > 20, PZ > 10GeV ok
» Oorljet 60
» Require significant Fy “oF
20{—
CDF Run Il Preliminary [Ldt=2.4f" -
o ¥ 10xm, (160) .data [ %
T o) Oww  @wy Met
g Owz  [Ow+ets
E— - Ozz [Ooy
g <— Cross checks - one of many
o ]
it 15; l l » Look at same sign leptons
» A good measure of Wy and W-jet predictions
104
» Predict 177+26
5,
? . » Observe 195
R I S o= S VR S 2
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CDFH —-WW

CDF Run Il Preliminary [L=2am"
CDF frains a NN on weighted sum of all I BN 1, = 160 (Gev i
backgrounds at each my 10° '

11 input variables which include

» 5 Matrix element likelihood ratios

(slide 8)
102
> ET CAQ ARy, my 1 08 06 04 02 0 02 04 06 08 1
NN Output
» CDF final discriminant is NN output
CDF Run II Preliminary f L=24f""
My =160 GeV/c?
H—>WW 95 + 1.1
WW 300.3 + 381 At my = 160GeV expect
w2z 205 + 3.1
ZZ 182 + 27 » 9.5signal events
tt 208 + 3.8
DY 1040 + 230 » 626 background
Wry 724 4+ 187
W + jets 89.2 £+ 228
Total BG 626 + 54

Data 661
HWW ME+NN
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4 CDFH — WW N

95% C.L. (My = 160GeV)
Expected/ogy = 2.5 Observed/ogy = 1.6

CDF Run Il Preliminary rL =241

102 I ________________ _________________ ________________ = =: ME+NN Expectation ...

| — A A — A —

110 120 130 140 150 160 170 180 190 200
Higgs Mass [GeV/cz]
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/ Tevatron Combination \

At My = 160GeV Expected/ogy = 1.6, Observed/ogy = 1.1

Tevatron Run Il Preliminary, L=1.0-2. 4t

= L e T e e e T e T T
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Conclusions \

» CDF & DO making rapid progress in high mass searches

» Great collaboration between CDF and DO in higgs
combination results

Tevatron Expected 95% C.L. /osy (my =160GeV) = 1.6
Tevatron Observed 95% C.L. /Jogy (my = 160GeV) = 1.1

» Significant improvements on the way

The Tevatron is quickly approaching standard model
sensitivity around my = 160GeV/c?

N /
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Backup
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/ Pseudo Experiments (CDF) My = 160 Gev\

[L —241p"
B + HWW ME+NB
B === Expected
1000 + === Observed
B + + +1o
: +20
800 + T M,, = 160 [GeV/c]
B +
600 |— +
- +
n +
400 +
B + +
200 Ty
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N . N
O_IIII—JIII|I|III|IIII|IIII|_'_I_'_I+I_'_I~—I-'—|—JII|II_II|IIII|IIII
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