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Tevatron Performance w

I
Peak Luminosity (1/ub/sec) Max: 227.5 Most Recent: 220.1 Integrated Luminosity (1/pb)
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Record High:
- Peak luminosity: 227.5x103% cm-4s-1
- Weekly integrated luminosity: 42.3 pb-1/week

Total delivered integrated luminosity: 2.2 fb
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Upgrades
enhance the
ability to
make
sensitive
searches

New central drift chamber and silicon New Silicon and Fiber tracker in 2T

Had(?r d calorimet ("plug") magnetic field

(]e<v|vn|25v)var calorimeters { piug Adlded preshower detector in front of
calorimeter

New TOF, extended muon coverage . Improved muon system

improved tracking & secondnary . New DAQ and trigger system
vertex trigger . —tayer 0 detector is added
: ew calorimeter track trigger syst

Runllb upgrade
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Experimental Constraints w
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» [he Higgs mechanism is the key of Electro-Weak symmetry breaking and gives masses to
elementary particles, with its own mass unpredicted

mDirect searches at LEP2: m;> 114.4 GeV at 95% C.L.

mIndirect limit from fits to precision EW measurements from LEP, SLC, and Tevatron: mH <
166 GeV at 95% C.L. (< 199 GeV if LEP2 limit included)

sIndirect best fit value: 85 *3° ,; GeV at 68% C.L.
=A light Higgs is favored
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. Higgs sensitivity w

The integrated luminosity (fb) required per
experiment, to either exclude a SM Higgs at 95%
C.L. or discover it at the 3s or 5s level; no

systematics / LEP
, r SUSY/Higgs Workshop
100 Higgs Sensitivity ('98-'99) i

 Study ('03)

' statistical pJ:wer only * No single channel guarantees

- (no systematics) success
10t e Combine two experiment’s
; results

e Improved understanding of
detectors is necessary

gg g\l,siggxg'zOOfS { ¢ Need advanced analysis
PRELIMINARY 95% CL exclusion: techr_li_ql_Jes to maximize
b ] sensitivity
80 100 120 140 160 180 200

my (GeV)
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SM Higgs Production and Decay w

Js =1.96 TeV

100 =

1.0F

103 =

Higgs Boson Branching Fractions
]
%
I
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100 1éO 14I10 16IO 18IO 200 v Hiagogs Bosloz; Mas:(EGev/;go] -
my (GeV/c?)
Production cross section (m, 115-180) Dominant Decays
- in the 0.8-0.2 pbrange forgg > H > bb for M, < 135 GeV
- in the 0.2-0.03 pb range for WH > WW* for M. > 135 GeV
associated vector boson production H

Search strategy:
M,, <135 GeV: associated production WH and ZH with H->bb decay
Backgrounds: Wbb, Zbb, top, WZ,QCD complement with WWW* & WW*
M, >135 GeV: gg > H production with decay to WW*
Backgrounds: WW, DY, W/ZZ, tt, tW, tt complement with WWW*
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WH - Ilvbb

- TI——
CDF Run Il Preliminary
Qieo- ~ o) - Best Channel for low mass higgs
[} L W-Heavy Flavor )
S ook [Jwises - Event signature:
8 L -Non-WQCD
~ [ [ Diboson/z’—tz
£ 80 [] (6.7pb)+Single Top
g = N\ Background Error
W el —— WHx 10 (m,=115GeV/c?)
aof|
- ‘ =1 tag/N Backgrounds: Wbb,Wcc,W+jets
_m __ (mistags),Diboson,Top,Multijet
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Diiet Mass (GeV/c") —— _ _ —
CDF Run Il Preliminary Jet Multiplicity 2jet 3jet > 4jet
< f e a5t Observed Events(Before b-tagging) 14604 2362 646
> 120 [ WsHeavy Flavor Mistag 35+05 20+03 1.2+ 0.2
S I e Wbb 203+70 57+18 1.0+04
QO — e Wee 33+£11 04+£01 0.1+0.04
‘%’ 8_— § \ :Iﬁ(s.7pb)+8ingle Top I/VC - - -
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B N Diboson/Z° — 17 1.24+03 03+0.1 0.1 +0.1
4:_ Ny . 22 tagll\l N non-W QCD 14+03 09+02 0.3 +0.1
2 et Total Background 442 + 85 40.1 £6.8 486 + 10.0
E | o i e Observed Events(>2tag) 39 44 65
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WH - |lvbb

- TI——
CDF RUN Il Preliminary

=19°F —e— Data(955pb™)

%102_ —=— §SE5§EFQ1?;¢> Higgs Mass Upper Limit (pb)
T - ;3:;:5?;;3:%0) (GeV/c?) Observed Expected
= .| 110 3.9 2.2

aa} g

2 115 3.4 2.2
! 120 2.5 2.0

- 130 1.6 1.8
B0l 140 1.4 1.7
o 150 1.3 1.5
102 lee Lo | | | | | | | |
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Higgs Mass (GeV/cz)

o(pp -> WH)xBR(H->bb) < 3.9 - 1.3 (pb)
Higgs masses from 110GeV/c? to 150GeV/c? (95% C.L.)
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ZH>vvbb(or WH > fvbb)

Low mass higgs channel
Event signhature:

- Large missing E;

- Two b-jets (=1 b-tag)
Backgrounds: W+h.f,Z+h.f,

WZ,77,top production,
multijets,W+jets(mistag)

Events/20 (GeV)

oo Dijletmass in SIG Region, =1Tag _ _ Dijet mass in SIG Region, > 2 Tag
ao- CDF Run Il Preliminary, 0.973 fb g . CDF Run Il Preliminary, 0.973 fb" . O ptl m |Zat | on: KI nem a.t | cS
. -+ Data § g — Data .
i3 4 SEAE e S - Ad(Leading Jet,Ef)
5 [JW-hf. o 6';— [JW+hf.
50;— E_I?‘l:;oson 5; E.I?:)poson - %./ HT> 0_4 5
40 [QCD hf. ar [QCD hif. — i
: i i oo Leading Jet E;>60 GeV
; - E,>75 GeV
‘
ge, =t o
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500 601
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M (
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ZH->vvbb(or WH > fvbb)

Process Signal Signal
Region(1tag) Region(2tag)
Multijets 10425 3.5x1.7
Mistag 110+19 4.8+0.9
Top 28+4 5.5+1.1
W+h.f 36+8 2.9x1.4
Z+h.f 2445 2.3x0.6
Diboson 7.1+1.1 0.6+0.1
ZH(115 GeV) 0.77+0.09 0.25+0.05
WH(115 GeV) 0.64+0.07 0.22+0.04
Total Expected BG 310+40 19.6+3.1
Observed 333 24

Double Tagged Candidate Event
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/H->vvbb(or WH %/\/bb)

- T
10° CDF Run II Preliminary (0.973 fb'l)
= =
g E Z+W— (v)V bb Expected 95% C.L. Higgs ZH WH Combined ObS.
L:. : ZH— Vv bb Expected 85% C.L. MaSS(GeV) EXp EXp
2 T Wi (1 b5 Expocted 952 G 110 25.5 | 34.8 14.9 17.8
10° o
E [ ] Observed 95% C.L. limit ] _I 5 284 340 ] 54 ]60
e 120 31.7 | 35.1 16.8 15.6
106 125 40.5 39.2 20.0 21.4
: 130 50.0 41.5 22.6 22.8
1: 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 l 1 1
110 115 120 125 130

Higgs Mass (GeV/cz)

o(pp -> ZH) /o ¢y < 17.8 - 22.8 (pb)
Higgs masses from 110GeV/c2 to 130GeV/c? (95% C.L.)
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/H — |*I-bb

I
- Low mass higgs channel

- Event signature:

-A pair of high P; lepton with
an invariant mass constraint

-At least two b-jets
(=1 b-tag)

-Backgrounds: Z+jets,Zbb,top,WZ,

Events / 5 GeV
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/H — |*1-bb

- I
1 b-tagged jet (Mjj 60~110 GeV) >2 b-tagged jets (Mjj 60~110 GeV)
ete wruw ete wruw
Data 126 99 Data 8 10
Bckg. 111 x22 88 =18 Bckg. 9.8 +3.4 8.7 £3.1
QCD 4.4 0.4 QCD 0.25 1.8
Z+ jets 82.4 75.5 Z+ jets 3.7 3.7
Z+ bb 17.8 16.0 Z+ bb 3.8 3.4
tt 2.0 1.8 tt 1.3 1.2
ZZ 2.2 1.4 V4 0.11 0.07
wz 2.3 2.0 wz 0.75 0.65
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ZH — I+I-bb DS

B

) i R

e 10 ZH—- "I bb

S UE e, D@ Prel. (0.36 fb’

- gPrel. 0361")

T [T s

T *CDF Prel. (1.00fb e N """"""""""""""" N

m 15 D@ Preliminary (0.88 fb™)

i - 95% C.L. upper limit

T = (----expected limit)

N

Il:l 0’ §_ Standard Model ..

& - T

O - | T 1

110 1 20 130 1 40 150

*CDF results with NN selection Higgs Mass (GeV)

aNo excess observed, so set cross section limits
sModified frequentist approach (CLy), using di-jet mass distribution
295% C.L. on ZH cross section: 3.3-1.6 pb for m;;=105-155 GeV

sAdvanced Analysis (NN) and 12% more data in CDF improved the limits
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WH->WWW#* I=vI£v’'+ X (2 like-sign leptons)
Low BR, but channel important in the “intermediate reﬂion” 125-145 GeV

Event Signature
- Two high momentum isolated leptons

of the same charge S T ;| —* Data
- kLarg(ZI missing E; & 4 D@, 380 pb™" | p Fiips
Backgrounds: 0w
- physical: WZ /27 P 3c B aco
- instrumental: charge flips,multijet T C L wzezz
Estimation of background composition g 2:_
- ee/uw: fit invariant mass of two w
leptons Mjj to a weighted sum of 1-
dis(;ribulti_gns for WZ.ZZ,charge flips n
and multijet 3 —l
- eu:obtain track probability from ee/un 0 50 100 150 M. (G \2,00
, then multiply by the number of e (GeV)
unlike sign events to get the number of
like sign events due to charge flips S F ] —&— Data
o r D@, 360 pb- i
p” rr o O 4 B Flips
15 7 12 S = aco
data . 530 [ lwz+zz
charge flips | 8.73£ 3.33 |0.17£0.05| 7.36+ 2.91 c 2:_
W/QCD 580+£292 (4384+026] 3.11+£2.10 3 g
WZ 0.77£008 [211£025] 1.77£0.25 1t
/7 0.13+£0.01 |0.31£0.03| 0.21+£0.03 0: - '160. : 200 300 200
total 1543+ 393697+ 0371247+ 3.50 M, (GeV)
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WH>WWW*> I=v|£v’'+ X (2 like-sign leptons) w
B

Mg (GeV) 115 135 155 175
Charge Aps 2.3540.90 1.4040.53 1.12+0.43 0.80+0.31
QCD 235104 2041083 1641069 1.16=0.46
Wz 3.40+0.28 1LBT0.15 1.51+0.12 1.26+0.10
2Z 0.344+0.03 02140002 0.17+0.01 0.15+0.01
Total 8444137 5.5210.99 4451082 3.46=0.57
Signal 0.037+0.004 0.1000.010 0.143+0.015 0.110=0.011
Data g (i (i (i
= 10¢ 1 Effect on global
2 ¢ D@, 360-380 pb combination significant
- - P » H i :
§ [ in the intermediate
1L & - — region (125-145 GeV)
T = - Observed 95% C.L. limit Expected Cross-Section Factor
T - C Sem I Fermiophobic Higgs 8 2
o i g ---------------- Standard Model Higgs Zg ;j o~
” ® ot e
p— 1 0-1 — u 20;
u E = . 18F f"
; — (8] m\u:-'u".ﬂu,,".‘"“ 16 o
= — x any = 14F — WH+ZH+HWW
© B ul Rl T . 12 ™
— ‘ = 10; ------- WHAZH+HHWWAWWW
1 0.2 1 I 1 -; I 1 1 1 I | 1 1 I 1 1 1 I 1 1 1 :E
100 120 140 160 180 200 100 105 M0 M5 120 125 130 135 G \'1140
M, (GeV) e
H
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SM “Heavy” Higgs: H > WW* > Ivlv

Search strategy:
- 2 high P, leptons and missing E;
- WW comes from spin 0 Higgs:
leptons prefer to pmn{)‘l,n the same direction.

€= B >
a B €<= = —<=>

4th generation?

But Higgs mass peak églnnot be reeconstructed
due to the presence of 2 v-> look for an excess

CDF and D@ already published on 0.3-0.4 fb!

Major backgrounds W + jet/y production:

q

WW production
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I
Selection Strategy:

¢ Presection:

e Remove Multijet and Z->1+I-:

o Anti tt(bar) cut:

e dala
Ez-ee
QoD fakes
103 - CIww

E Cw—sw
It —en
Il Z—pn
I wzzz
— 160 GeV Higgs (x10}

| Preselection

107

-1
09 05 1 15 2 25 3
A ¢ (e, u) (rad)

1-9-07

H > WW* S Ivly w

lepton ID, trigger, opposite charge leptons
B > 20 GeV
* Reject events with mismeasured jet energy

» Higgs Mass Dependent Cuts: Invariant Mass (M,,,.); Min. Transverse Mass

Sum of lepton p;' and E{ (= p;' + Ef)
H, = = PJ¢t < 100 GeV
e Spin correlation in WW pair: A¢(l,l) < 2.0

: e data
| Preselection | ..
I
1 05 E_ [ Jacp fakes
= Eww
B -W—>ev
1 04 E I zzwz
E -tt—> ee
B — 160 GeV Higgs (x10)
10 =
B s

Angle (uy) at Preselection |

0.5 1

1.5

2 28 3 0 05 1 15 2 25 3
A ¢ (e,e) (rad) AD(pp)
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H-> WW* > |lvlv

Expected/Observed # of events for m, = 160 GeV (L ~ 950 pb-!):

e 1
~~ D@ Runli Pre ry,~950 pb™

_ o
/ . E{iﬂ% SM only a factor 4 away

We exclude 4t generation
models, for which

/m m,,=150-185 GeV

1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
120 140 160 180 200

Higgs mass (GeV)

102:F

)
ﬂ] T T 11T

g
3
m
3

|ll'| LA

Excluded at LEP
é
N
\
)

Q
:I'I'I'I'IT] LR

8l
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. Combining Higgs boson Searches

CDF uses a Bayesian approach

— Use Bayesian posterior probability
— Assume flat prior density for the number of Higgs events

e Combined Binned Poisson Likelihood:

g .
‘C(Ra §3 —‘Iﬁ) - H #Z?je—”ij/nij!

e Combined Posterior Density Function:
p(R|7) = /d§/ dbL(R, 7, b|71) = 3tot//dR/d§/ dbL(R, 3, b|71) X Spor

D@ uses the CLs (LEP) Method

the CL, confidence interval is a normalization of CL.

CLg,p = signal + bkgd hypothesis, CL; = bkgd only hypothesis
CLg = CL,,z/CL;. CLg,s & CL; are defined using a “test statistic”
Test statistic used is the Log-Likelihood Ratio (LLR=-2 In Q)

generated via Poisson statistics (Q=e (s+b)(s+b)d/ePbd) s,b,d=sig.,bkd,data)
Tevatron Higgs combination is done with CLs and cross
checked with Bayesian approach=> they give results
compatible within 10%.



@ cor oo smHiges Limits DEY

CDF Il Preliminary

(-
<

T L T Ll 2
2 - ——— WH->lvbb: 1 fb-1 ';‘0 -
- +ssers Expected WH->Ivbb :
@ [ s ZH->vvbb: 1 fb-1 E
~— L. usssess Expected ZH->vvbb a
© ZH->lIbb: 1 fb-1 Q
g i Expected ZH->lbb 1
. e H>WWo>llvy: 0.4 fb-1 L
_— 102 - \~. LS e Expected H->WW->llvy - c
C s CDF combined: 0.4-1 fb-1] Q
- N e e Expected CDF + 1o T
O f 1
i T N
© |
P ;
 10F ERL
: ] v [
: i ; e eeeeeee e e 4 5 e e
E _ . Dﬁ Run II Prellmmary
Y N N S N A m?ﬁq.p_b____/__.?.4___An_aly_sgs_

11— 150 l 14110 l 1(150 l 1810 l 260 100 1%0 1éo 1.;,0 1310 1%0 1éo 1'110 1z’so 190 zoo
mH(GeV/c)
Higgs Mass (GeV/c)

We present limits in terms of R=95% CL limit/o,,
R=<1 indicates model exclusion
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95% CL Limit/ SM

. Tevatron SM Higgs Limits w

OF Tevatron Run I Preliminary
B -1
355 ------- D@ Expected J. Ldt=0.3-1.0 fb ;
weog CDF Expected

- T v Tevatron Expected
25 - W2 == Tevatron Observed
)
20—

1 I 11

IIIlIIlIIIlIIIII

;=:::5:=||||1
Poo 110 120
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130

180 190 200
m,, (GeV/c?)

140 150 160 170

At the time of this
combination,CDF added:

WH— [vbb / ZH— vvbb / ZH— llbb
at 1 fb!

D@ added: H=WW(ee,eu,uu)
at 1 fb!

Systematics very similar in size,
most treated as uncorrelated
between D@ and CDF

Rops:10.4 at my=115
3.8 at m,;=160

Rexp: 7-6atmy=115
5.0 at m,;=160

With asymmetric inputs(0.3-1.0
fb-1), we can extrapolate limits
to1 fb!:
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Sensitivity Prospects w

Advanced analysis techniques (NN,ME) provide factor of ~1.7 in
equivalent luminosity

New channels (taus,H—ZZ7) will increase the sensitivity
Many systematics currently limited with statistics

Ingredient (DO) Equiv Lumi Xsec Factor Xsec Factor
Gain@115 m,=115 GeV m,=160 GeV
Today with 1fb-1 - 6.0 4.0
Lumi=2 fb-1 2 4.2 2.8
NN b-tagging 3 2.4 2.8
NN Analyses 1.7 1.9 2.1
Improved mass resolution 1.5 1.5 2.1
New Channels 1.3 1.3 1.8
Reduced systematics 1.2 ﬁz 1.75
R~1 when integrated lum ~3 fb-! ~5.5 fb-1
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. Conclusion DS

- At Tevatron, SM Higgs analyses are in very exciting
time period
- Increasing dataset (2 fb-! now and expecting more data)
- Better understanding background description
- Both experiments understood detectors very well
- More advanced analyses

- The combination limits of CDF and D@ are very
encouraging

Tevatron is the best place for Higgs search
right now and we are getting close to the
sensitivity needed to have evidence for a
light Higgs boson !!!
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Backup
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. Systematic Uncertainties @ CDF

Channels lvbb vizbb ITI7bb | WTW—
Single | Double | Single | Double
Acceptance
Luminosity (%) | 6.0 6.0 6.0 6.0 6.0 6.0
btag SF (%) 53 | 160 | 80 16.0 8 0.0
Lepton ID (%) 2.0 2.0 20 2.0 14 3.0
JES (%) 3.0 30 | (120) | (16-20) | 6.0 10
MC modeling (%) | 40 | 100 | 40 5.0 2.0 5.0
Trigger (%) 0.0 0.0 3.0 3.0 0.0 0.0
Shapes (%) 0.0 0.0 0.0 0.0 -20.0 0.0
Backgrounds

Mistag (%) 22 15 17 17 17 0.0
QCD (%) 17 20 410 44 250 0
W/Z+HF(1) (%) | 33 34 12 12 40 0
W-HF(Il) (%) 0 0 410 42 0 0
Z-+HF(Il) (%) 0 0 6 410 0 0
Top(1) (%) 135 20 12 12 20 0
Top(ll) (%) 0. 0. -2 3 0 0
Dibosen(l) (%) 16 25 12 12 20 11
Diboson(11) (%) 0 0 -5 -10 0 0

Other (%) 0 0 0 0 0 (12-18)

e The positive value means correlated, the negative value means uncorrelated

e The results seems insensitive to these correlations changing from 100% to 0%
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