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Introduction

Precision SM EW fits combined
with 114.4 GeV direct search
bound: 114.4 - 207 GeV

& Test the hypothesis of spontaneous
electroweak symmetry breaking

& Standard Model Higgs S
@ Single scalar: spin 0, charge 0 5- L . )
® Generate masses of W, Z and fermions . ' p-?lzTafi__t_nfft:w
& Other possibilities N%* 3+ .
® MSSM, L/R Symmetric Model, Little o l
Higgs: h, H, A, H*, H, H™ H~ -
1 -
o [Excluded e, |
30 100 300

m,, [GeV]
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Higgs Search at CDF

& In this talk, new results from CDF
® Standard Model Higgs

» HoWWSlvlv
» WH — Ivbb
» ttH — Ivbbbbjj
® Doubly Charged Higgs (L/R Symmetric Model)

®» H""H™ — I1lt (Lepton Flavor Violation)

=€, n

See K. Lannon’s talk for MSSM Higgs t — b H* search
See A. Anastassov’s talk for searches of H —» tt, ZH —» vvbb, WH ->WWW
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SM Higgs Production & Decays

SM Higgs production

gg—H

TeV4LHC Higgs working group

|

bb — h \

10 qq—Zh

TeVII

100 120 140 160 180
My (GeV/c?)

Dominant modes:
H->bb for m,<130 GeV

209

H->WW for m>130 GeV
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gg > H ->WW® > 77 vy

Submitted to PRL

= CDF Run Il Preliminary, L, = 360 pb'1 CIDY/ZS
{ > i i ZZ
3 10 5‘”
S‘: - Vv
f
@ Dileptons are aligned due to the scalar
nature of Higgs 10"
®» Small M,,, Ad,, and large missing Et
® Different from SM WW background 10°

20 40 60 80 100 120 140 160 180
& Event S election dilepton invariant mass, M, (GeV)

® Two opposite-sign isolated leptons: P ,>20 GeV, P;,>10 GeV

® Missing E; > M, /4 GeV (reduce Drell-Yan)

® 16 <M, <My/2 -5 GeV (reduce diboson, ccbar or bbbar resonances)

@ Njet =0, or Njet =1 if E; <55 GeV or Njet =2 if E; < 40 GeV (reduce ttbar)

@ If missing Et < 50 GeV, A¢( missing Et-lepton (jet)) > 20 degrees (reduce Z—1r)
® P;,+ P1,+ missing Et <My (reduce diboson)

® Acceptance X Efficiency = 3.0% — 6.5%
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gg > H ->WW® > 77 vy

Expectation
(SM) source (M,=160 GeV)
WW 979 1.03 |
37+ 0.
7 0.04 + 0.01
Drell-Yan ee 0.76 £+ 0.19
ttbar 0.35+0.04
Wy 1.14 + 0.08
fakes 133+067
total bg 1378+ 1.25
HWW 0.58 + 0.04
data 16
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H->WW Background Pie Chart

O QCD/WHjet: 10%
| W+t+gamma: 8%

O Z/gamma*: 6%

[ Sum of others: 6%

* Physics background estimated with MC
» Fakes estimated by applying the fake
rate from the inclusive jet data to W+jet
sample




Events / 0.4 (22.5°)

gg > H ->WW® > 77 vy

Use binned likelihood to
compare the A¢, of data

For M, =160 GeV/c?,

against the SM prediction o(gg > H)xB(H -WW)<3.2pb

jL dt =360+ 22 ph™*

CDF Run Il Preliminary, L, =360 pt:'1 1 DY/Z—I
6 [ W+jet/y
- /| Ww
C Bl WZ+ZZ+tt
S B HWW160
- — 10 x HWW
4 e —e— data
3 |
3 |
2: ——

0 0.5 1 1.5 2 25 3
dilepton azimuthal separation, A,
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CDF Run Il Preliminary

@ expected 184 pb 2004

10°

T T TITT

10

LI |111r||

—k

T r|||||||

LEP Excluded

Er
I1II|'

Standard Model

T
observed 184 pb™' 2004
—— expected 360 pb ' 2005

*  observed 360 pb”' 2005

95% CL Limit on o(gg—H)BR(H—WW) (pb)

il ol PR NPT NPT RIS T e R e
110 120 130 140 150 160 170 180 190 200

Higgs Mass (GeV/c?)




Secondary Vertex Tagging

CDF Run Il Silicon: L. >0
~ 7-8 silicon layers

| 722,432 channels

" zMax = 45 cm, |p|max = 2
1.3<r<30cm

2"d yvertex
Prim. vertex SecVix

- tag jet if decay length ny/Gny > 7

Vx| * L,, >0: positive tag

54 orm * L,, <0:negative tag
07 SecVtx Tag Efficiency for Top b-Jets
R
S : Tight SecV
SecVix b-ta 8 08F Llc?oste gzc"utzx ny_< 0 useq to
i dqt MC T osf estimate mistag rate
efficiency data o
. 5 0.4; .
anlg fac;[or |s:[ the . : Mistag rates of SecVix
ominani systematic nz b ~ 0.5% for light-flavor
uncertainties of low E Top MC scaled to match data jets
. . 0.1E Only b-jets with yj<1 .
mass Higgs analysis. N R T

20 40 B0 80 100 120 140 1ED 180
jet E; (GeV)
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d

W*H — ¢*v,bb

X2.2 data, Neural Network b-tag & Event Selection

|+
%
Vi
*+ 0
W w/ b

NG

@ One central isolated lepton with E; > 20 GeV
® Large Missing E; (> 20 GeV)

® 2 jets (E; > 15 GeV, In|<2.0)

® = 2 jets tagged by SecVix

@ or = 1 jet tagged by SecVix and NN

@ Veto Z and ttbar diplepton events

® Acceptance x Efficiency=1.3%-1.5% and 0.5-

0.6%

NN Trained on SecVix Tagged Events

NN b-tag keeps **
90% of b jets,  of

e

and rejects

50% of cjets, oo

08

1t MC SVX-tagged bottom jets

1t MC SV X-tagged charm jets

1t MC SVX-tagged light jets

beauty vs. charm

012
o]
- O.DBE
" o0e]

0.04-

C 0.027"

tt MC SVX-tagged bottom jets

ft MC SVX-tagged charm jets

tt MC SVX-tagged light jets

beauty vs. light

65% of 004

light-flavor 0021

jets ] ‘
June 12th, 2006
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b-c Trained Network Output

1

0

0.2

0.4 0.6 0.8

b-l Trained Network Output
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W*H — ¢*v,bb

Jet Multiplicity w/o NN tag w/ NN tag CDF RUN I Preliminary(695pb_1)
Before b-taggin 10647 10647 w F
Mistag 1194 £19.4  418+00 | 900- —e— Data
Wbb 1304 4446 1202 +41.1)> - [ | W+Heavy Flavor
Wce 189+ 167 337115 H 800 ] Mistag
We 474+ 124 250+65 O 7005
t£(6.7pb) 431473 378464 % 22 non-W QCD
Single Top 227+24 201+21 Q 600 [ ] Diboson/z’ =
Diboson/Z% — 77 170425 106 £ 1.7 g ? [ ti(6.7pb)+Single Top
non-W QCD 444+ 77 205+51 Z 500 . Background Error
Total Background 47341+ 669 3188 £ 547
Observed(> 1tag) 514 400
300 ! S
Mistag 31F05 200
( Woh 14.8 £ 5.3 e
Wee 0.2 £ 0.1 100 | .
We 0.04+00 0 | | |
éﬁf&i o 1813 W+l jet  WHRjet  W+3jet  W+>4jet
Diboson/Z% — 7+  08£02 : - Jet Multiplicity
non-W QCD 1.0+ 02 I_J et b'ln' used to
Total Background 306 £ 56 normalize HF | .
Observed(>2tag) 29 fraction signal region
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W*H — ¢*v,bb

Use binned likelihood to compare the dijet mass distribution

CDF Run Il Preliminary (895 pb )

CDF Run Il Preliminary (695 pb )

& 90F ST
o - —e— Data O n —e— Data
% 80 |:| W+Heavy Flavor % ar |:| W+Heavy Flavor
__0_, - |:| Mistag __0_, - |:| Mistag
70— i 70 ]
g . - Non-W QCD g . . - Non-W QCD
= 603— [] [_)’IbosoanU—>ﬂ = 63— \k [] [_)’IbosoanU—>ﬂ
T - [ ] fi(6.7pb)+Single Top T - X% [ ] fi(6.7pb)+Single Top
g S0 S Background Error g 5 - S Background Error
- — WHx 10 (m,=115GeV/c?) - \ — WHx 10 (m,=115GeV/c?)
40 4F R
- n NS
30 3t
20F 2F
10 1
0 0;,; Ll Ll [T el i
0 50 100 150 200 250 300 350 400 450 50( 0 50 100 150 200 250 300 350 400 450 500

Dijet Mass (GeWc ) Dijet Mass (GeWc )
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For M, =115GeV/c*,o(pp > W H)xB(H —bb)<3.6 pb

CDF RUN Il Preliminary JL dt =695+ 42 pb™*

—10°
_8_ ; . = Data
— B ——————— Pseudo-Experiment 1o
(e >
O 10 = — & —— NLO Standard Model Higgs
£ -~ =  CDF RUN Il WH— Ivbb Search (319pb™ ')
0 B
m 10¢
> —
. B
1E
= =
T B
.
L2210 =
o —
10_2 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 M G V/ 2
1 115 120 125 130 135 140 145 150 My (GeVice)

I
1
m

Combining limit from 1+2 tagged events increased sensitivity by 20% (compared to > 1 tag)
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ttH —W "W "bbbb — #*v, jjbbbb

New! First time at CDF

& Event Selection
One isolated lepton with E; or pt >

ry

'y
€
'y
@
T

20 GeV in |n|<1.0
Missing E; > 10 GeV

2 5 jets (Er > 15 GeV, |n|<2.0)

Veto events with Z
= 3 jets tagged by SecVix
Acceptance X Efficiency=

1.9%-2.6%

& Signal region blinded when

evaluating background
components

& Observed 1 event in data

June 12th, 2006

Source Yield (events)
Mistag 0.49 4+ 0.10
Irreducible 0.36 & 0.07
0.04 £ 0.04
0.89 +£0.12

0.024 £+ 0.005

tthb , tfcC
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ttH > W "W bbbb — ¢*v, jjbbbb

ForM, =115GeV/c?, o(pp — ttH)xB(H —sbb)<660 fb

CDF Il Preliminary jL dt — 320 + 19 pb—l

- 95% C.L. Limit

104 = =

§ Standard ModelcﬁHx BR(H— bb)
Q@ 10 =
o) =
T 10 3
~ -
D: ]
0 |
X 10 &= 3
o -
1= 3
5

W

EI | 111 1 | 11 1 1 | 11 1 1 | 11 1 1 | 111 1 | 11 1 1 | 1 1 1
100 105 110 115 120 125 130 1
Higgs Mass [GeV]
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Doubly Charged Higgs

& Left/Right Symmetric Model
@ Predicts none-zero neutrino mass
@ Drell-Yan like H** pair production
@® At mass below 160 GeV/c?, decay primarily
to charged leptons without flavor restriction
® H'_ (H™R)couples exclusively to left
(right)-handed particles

& Existing limits
® LEP: m(H**)> 99 GeV/c?, m(H**g)> 97 GeV/c?
® CDF: m(H**)> 133 (ee), 136 (up), 115 (en) GeV/c?, m(H**z)> 113 (up) GeV/c?

CDF Collaboration, PRL 93, 221802 (2004)

& Assume 100% BR for each channel
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H"H™ »e'rec ,ut uc

& Event Selection
@® 3 or4isolated leptons
® et (urt) channel

1 central electron (muon) E; > 20 GeV
1tau E;> 15 GeV in |n|<1.0

1tau E;> 10 GeV in |n|<1.3 (1 ILC)
1 ILC for 4-lepton final state

3-lepton

4+ & 4 ¥

=» > Pt(lep) + missing Et > 190 GeV ReCOnStFUCtiOn Of L ;
Double Cone algorithm

» 30 <Mgg, 30 <M, g <125 GeV/c?
» Veto Z, Zy

4-lepton

» YPt(lep) + missing Et > 100 Gev  Hadronic system

» \Veto Z, Zy
Acceptance X Efficiency 8%-14%

New! First time at CDF

ILC: isolated track system with 1 or 3
tracks, sum Pt > 8 GeV/c, seed track
Pt > 6 GeV/c

Energy from trks and =®’
|solation veto (trk, 7t0)

m, 4< 1.8 GeV
N, = 1,3 ; charge = +1

Electron candidates included

June 12th, 2006
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H"H™ »e'rec ,ut uc

6 control regions to X check the background prediction: €T

3-lepton background

N Observed «Z + jet (68%)
* Diboson (27%)
: . : o
Wi ke Meb>30, 7-Vels TOSARer ScalmgWMC) o : g?D s > f(;
JART Falls - Vel 313 8 L (i)
Tow Tt ATl Cuts But, Tt 652 g AR PEE e
BOX Passes Analysis 0.25 0 - ZZ (~100%)
CDF Run Il Preliminary  (£=350pb-T) v CDF Run Il Preliminary  (£=350pb-1) CDF Run Il Preliminary  {(£=350 pb"}\
. B 2 250: soé
100} + B W+jets C
[ [] Z»ee sof-

/ Number of events / (10 GeV]\

80

60

40

20

gy

50 100 150 200

[ ] gammad+jets
[ 1 ocp bijets

Number of events / (10 GeV/c?)

250

2001
150[
100[

50

0
20 40 60 80 100 120 140 160 180

MOS GEV/C2

Number of events / (10 GeV/c2)

0:
0 20 40 60 80 100 120 140 160 180 200
M‘LS GEV/CZ /

H, GeV
June 12th, 2006
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jL dt =350 + 21 pb(e7),

H"H ™ —se'cier,utuc

=322 +19 pb™(ur)

& 200 7 m(Hg)>97 GeV/c2 (LEP 2)
o' m(H[)>99 GeV/c? (LEP 2)
t 160 CDF 95% C.L.upper limit:
140 m(HR)>86 GevicN 000 BR(H"™>ut)=100%
5 120 BR(H™>e1)=100%

& "

- 100 +m(H,_}::1 12 GeV/c?

T 80

T - e o

L e0 —

t 40 (H)>114 Ge

(o}

£ 2

© I | I I
100 110 _ 120 130

3-lepton
Data Bkg

et | 0 |0.24+/-0.27
Ut 0O |0.27 +/-0.13

4-lepton
et | 0 [0.04+/-0.05
Ut 0O |0.14 +/- 0.05
June 12th, 2006

Shin-Shan Yu/ Search for Higgs at .

CDF Run Il Preliminary (L=350 pb)

m,—+ GeV/c?

M, >113.6 GeV/c*(er),112.1GeV/c* (ur)
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Summary and Outlook

& CDF has searched for both SM and non-SM Higgs
using 320~695 pb-! of data

& Started using more advanced analysis techniques,
such as Neural Network b-tagging

& No signal found in the analyzed data
& Several analyses work in progress
& Most of the data are yet to come. Stay tuned!
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Backup Slides



Standard Model Higgs Decay Modes

I : L] L L] I r r ¥ ]I-_"F; 1 ! [ L 1 1 _h\:-“r_._:__:
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All CDF Standard Model Higgs Results

CDF Run II Preliminary

10>

_—| T T T 1 | T T 7T ! I L T 1 ] I T | T T | I TT | T T 171 | T I—_
% ; “CbE: 320 pb’! =
E _ g[g-lFT)é;ngb'l ‘C"g‘ﬁ%’g‘;‘g"/
. p— 2 = -
j 1 0 f_%lﬁ[\?;?fg?)b > H—}WW‘*}—)]]v]v_f
B CDF: 360 pb’ -
O
e I ]
N 10 - .
| -
- L1 I | | | I | | | I I I | 1 1 | | | | | 1 1 | | I I | | | ‘IIUITG 5‘ :|10[']6 |
110 120 130 140 150 160 170 180 190
m,, (GeV)
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All CDF & D0 SM HiggsResults

Tevatron Run II Preliminary

| | | T ] | ) | T 1 I | | I I [ | | I I | 1 I | | |
“EDr 320 pb’!

ll.ll]—.

WH-slvbb
CDF: 695 pb’ WH—-WWW

CDF: 194 pb_

\

...... HoWW S lviv
CDF: 360 pb

-
-
-
-
-

ZH-vvb - “el HoWWSslvly
~D0: 261 pl ) ~ . DO: 950 pb'l {no pvpv)

—.-
-
-

| lllll'.l|

95% CL Limit/SM
S

10

-
e
N
------

WH-sIvbb
DO: 378 pb™!

T T T101T T]

- DO combined oo
L incl. HHOWW—-puvuv 325 pb ™ |

June 5, 2006 3

110 120 130 140 150 160 170 180 190
m,, (GeV)
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W*H — ¢*v,bb

CDF RUN I Preliminary(695pb'1)

w T
g i —e— Data
|.I>.I 100 [ | W+Heavy Flavor
'-la I [ ] Mistag
= a0l [ non-W QCD
o | [ | Diboson/z" 1t
g I [ ] ti(6.7pb)+Single Top
Z 60+ 2\ Background Error
40- 4&
L W
- "\ NS
[ N5 R
20+
........ oL | | |

W+1jet  W+2jet  W+3jet W4 jet
Jet Multiplicity

0.08

0.06

0.04

0.02

CDF Run Il Preliminary(695 pb |

e 2>1Tag
>1 Tagw/ NN Tag
¢ =1Tag
=1 Tagw/ NN Tag
>2Tag
1 Tag &&>2 Tag
1 Tagw/ NN Tag &&>2 Tag

L
III|IIH|IIII‘\III|IHI|IIII|HII|IIH|IIII‘I\I

110 115 120 125 130 135 140 145 150
: 2
Higgs Mass (GeVic)
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Non-W Backgrounds in WH—1vbb
+ CDF: Estimated with - Missing E; vs. R,

Ri,=[Energy inside cone of size 0.4
around lepton] /
[Energy of lepton]

Riso

Non-W background is assumed B C
to have uncorrelated R, and E;

Non-W: D= C*(A/B) (after correcting

for signal in the background samples) 0.3
0.1 A 5
10[ 20 Missing E;
(GeV)

non-W kinematic
distributions
estimated from data
events in this region

25
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ttH —W "W "bbbb — #*v, jjbbbb

CDF Il Preliminary Run 167551, Event 3626393
Ll I I | I I I I | I I I I I I I I | I I I I | I I I I | I I I |
2L ]
1.5 et 1: 73.8 GeV —
11— ]
— | |
= B _

= - M 26.9 GeV T emm MET 48.1 G
> B uon . e L., = 3.4 mp 48 e),/"'
B ny = 3.51 f et 4: 23.6 GeV|

- Jet 3:27.9. GeV ‘
_ Jet 5: 15.0 GeV —
-0.5
_I 1 | | | | | | | | | | | | [ 1 | | | | | | | | | | | | | | | | | |
-1.5 -1 -0.5 0] 0.5 1 1.5
X (cm)
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H"H ™ —e”

_|___

7 Ela ,LIT,LIT

One interesting even;/whm 1%
Exp bkg @5=+/=0.7Z Most likely W+_jet
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