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What do we know

Direct searches at LEP: 6 1422 T 1O
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Existing data suggests a low mass standard model Higgs
—> good news for the Tevatron...
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Tevatron Collider
pp collider with Js =1.96 TeV

Collider Run Il Integrated Luminosity

Running well...

e surpassed design instantaneous luminosity s==
e delivered over 5 fb! to each experiment
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The Detectors

CDF CDF Il Detector

Muon Detectors T Muon Detectors

[
T o e |

Large tracking volume Compact tracker,
Vertex trigger Large muon coverage
Large trigger bandwidth

Run lla: 1.3 fb1, Run Illb: ongoing

Two “small” detectors, one big dream...
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Higgs Production

e dominated by gg—H,
e sizeable contributions from WH/ZH
e use all contributions in analyses

@ H o(pp >H+X) = 1pb @ 115 GeV
W SM Higgs production
q W 10° - lgg_m | | TeVII
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Higgs Decay

to anything one can think of,
but dominantly to ...
e low mass ( < ~135 GeV)
H—bb
* high mass ( > ~135 GeV)
H—> WW

Branching ratio

0.1

10-2f

for the mass region of interest
at Tevatron

Exchuded by LEP

e\
W N

_ \ - -
1030 a0 - 1;‘}0\ el Most sensitive searches

m,, (GeV/ic?) IOW mass
B WH— ¢vbb, ZH— (¢, vv)bb
Br(H—)bb)=73% @ M,=115 GeV high mass

Br(H—>WW)=90% @ M, =160 GeV (g9 —>)H—> WW* — ¢/

\
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Search Strategy

We know everything about Higgs... or do we ?
We seem to know more about its mass, but unsure whether it exists!

proton - (anti)proton cross sections

10 gre— T g 10 N

g | E Q

We have knowns and we have unknowns [ o — — ¢ 8
10’ 3 Tevz:tron Li—IC 30 &

e take advantage of the knowns o b @ ——d¢ 8
huge backgrounds, extensive application o F v 4
of advanced analysis techniques to find E N e
. . . 4 E E o

phase space regions with good signal- P jos &
background separation 2 w0k o 7 :%
Neural Network (NN), e W 195 W
Boosted Decision Tree (BDT), - oi X

3 3 wn

Matrix Element (ME) ok 1y o

E c

often as an input to NN or BDT 10° E ot 2

10° ;GHW(MH=150 GeV) d :|::,

* and cover the unknownes... 10° Ea,, M, - 500 Gev) I
10”7 o ] S 10” -g_
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Some Key Issues

For most analyses: I el
e event selection efficiency s [ DANNb-tag —
e b-tagging performance Il T e
e dijet mass resolution 27 PO

50

o .
Muon events from the MET + Jets Trigger 50-70% cefflaency

40
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WH—Ivbb

Event selection (CDF):

e one lepton with pT>20 GeV;
e missing Et > 20 GeV;

e two jets with pT>20 GeV;

e at least one b-tagged jet

—\ _ large statistics pre-tagged sample
G(WH —> Lvbb ) ~301b as a control sample
(/=e, u; M,=115 GeV)

CDF Run Il Preliminary 2.7 fb "

ﬂoooo — [ W+bottom
S " I W+LF
i a [ Mj — -
Main backgrounijs: S0 pre-tag s
Whbb, Wcce, Wijj, tt, multijets... g — W 120 o) 200
=6000—
P

Data Modeling (D@): wl B
e Pythia for signal simulation i

 Alpgen for W/Z+jets with MLM matching
e K-factor from MICFM for relative normalization

e pre-tagged data for validation and overall O 50 100 150 200 250 300 350400
normalization Mass (Dijet + nearby loose jet)

2000
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WH—Ivbb

advanced techniques for further
signal and background separation
CDF: NN and BDT with ME input

D@: NN

My, is the most sensitive variable

-_ L=1.7 fb™ W + 2 jets/ 2 b-tags

DO Preliminary ® Data
i [CIW + jets
EQCD
1
I:I —
Wbb
Eother
OwH

115 GeV (x10)

50 100 150 200 250 300

Candidate Events

CDF Run Il Preliminary, L=2.7 6" [we

g

|

O] W+charm
[l W +botiom
[ Non-w
[l Divoson
.Z+jet5
.Single_mp
Wl Top_pair
-+ Data

— WH(115}x1

1z

I

&

i€

1§
0.5 0 05 1
ME+BDT 2tag

95% CL Limit/SM at M,;=115 GeV

Dijet Mass (GeV)
Event yields (CDF)
Ndata Nbkgd Nsig
1-tag 1998 20131324 6.310.5
2-tag 156 148126 2.0+0.2

Selection efficiency ~ 10%

Analysis Lumi (fb?) Exp. Obs.
CDF BDT+ME 2.7 5.6 5.7
CDF NN 2.7 5.8 5.0
D@ 1.7 8.5 9.3
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ZH—llbb

Dé Runllb preliminary, L=1.2 fb"

o(ZH— bb )~ 5 b

The cleanest final state, unfortunately
the rate is really low.

D@ analysis:

e two leptons (consistent with from Z
decays) plus two well-separated jets

e at least one b-tagged jet,

e uses NN and BDT for the ee and upu
channels respectively

selection efficiency ~ 15%

Number of Events/2 GeV
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ZH—llbb

CDF uses a 2-D NN output to distinguish — .
two main backgrounds (Z+jets, ttbar) A ZH Eéb candidate

Z+Jets

CDF-Run 229879 Event 3787664

M,,=93.5 GeV, M,=109.2 GeV

projection

CDF Run Il Preliminary (2.4 fb™

g 10+ 1 double tag (high) a;::a E:zis Ei::s
E 103 [Jwz .Z_)TTDmistags . .
c - WY B zece [ uncertainty 95% CL limit/SM, M,=115 GeV
=
£
z 0 Lumi (fb})  Nsig Exp. Obs.
D e - CDF 2.4 1.8 11.8 11.6
10" |,
0 01 02 03 04 05 06 07 08 0.9 D@ 2.3 2.0 12.3 11.0

Projection Onto the Z+Jets vs, ZH Axis
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ZH—>vvbb

Example selection (DQ)

* missing Et > 50 GeV

e 2 or 3 jets with Et > 20 GeV

* topological cut to reduce multijets
* two b-tagged jets

|
vV

O'(ZH — vvi) ~15 fb

b-jet
Fs----

b-jet

No leptons, trigger on jets plus
missing Et

Main backgrounds
e multijets, W/Z+jets, ttbar, ...

Events / 7.20 GeV
[ I3 AN
3 3 S

°IIII|IIII|IIII|IIII|IIII|

200

100

N

Efficiencies:
ZH —>vvbb: ~7%
WH — {vbb: ~3%

—> 50% contribution from each

T I T T I 1T I 1T I 1T I 1T I 1T I T T I T |_
Dé preliminary (2.1 fb ™)
— Data

" -
Z+blc-jets

|
[ Z+jets(1.f.)
W+b/c-jets
WHets(l.f.)

=
é' =+ Diboson
=#

 w
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Coss :

160 180 200
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ZH—>vvbb

Slgna I-baCkgrou nd se pa ratlon Invariant Mass of all jets, Signal Region, ST+8T
CDF Bun imi !
NN for CDF and BDT for D@ " ‘LEEQ“DEEE?‘M
25_ W=
T e G : el
E -‘- — ;:asc-jeﬁ g 20 - | Ea
n I Zejets(1 1) - 5 s

W+b/cjets
Wiets(Lf.)
Diboson

Events / 12.00 GeV
3
[

40:— B Muitjet = 15_
C — Hx10 (115 GeV) -
30— = i
- after b-tagging 1 0
20— —
10— —
0

200 250 300
DiJet Invariant Mass (GeV)

Lt

200 300 400 500 60D
M. (GeV)

i | e ——

T
95% CL limit/SM for M,;=115 GeV

Analysis Lum (fb'!) ZH/WH Nbkgd Ndata Exp. Obs.

CDF NN 2.1 3.9/3.4 1780* 1696 6.3 7.9

D@ BDT 2.1 2.1/1.6 443 439 8.4 7.5

The analysis is as sensitive as the WH—Ivbb analysis!
(* CDF also includes an analysis with exclusive one b-tag)
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HoWW*—=llvv

The SM WW is said to be “irreducible”

* ~
O-(H > WW* - £ VV) ~201b However, WW from the scalar Higgs is
(My=170 GeV) expected to have different kinematics

1 = ?VW -
o W
/ [ @ ©

. _ The spin correlation leads to a smaller
WW, W+jets, tt, Z,... average opening angle between the two leptons

\

Main background:
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DO HHOWW*#*

Event pre-selection:

e two leptons with pT(e)>15 GeV, pT(u)>10 GeV and M(ll) > 15 GeV

@ T T T S
= 105 ee E%ffggnll Preliminary —+— data
c =
eb]
10* — Hyg > WWx 10
3
L |:|Z—>ee
2
i I:IDiboson
10 .
1
10"

0 20 40 60 80 100 120 140 160 180 200
M, [GeV]

Additional selection:

missing Et>20 GeV,
kinematic requirements (My, A¢, ...)

selection efficiency ~ 25%

Three separate NNs trained for every
5 GeV in the signal mass to determine
the final sensitivities

12} Sl IR N I | T RN AL
g 10° lg—eu Eza%fg‘_;ln I Preliminary—gl —— data
@ o -
' T | —H > WWx 10
10® =
E |:|Z+jets
10 —=
E DDibﬂsoﬂ
1 — .W+]etsﬁy
: I:Iocn
107 | P
i L Dl‘barincl
0 20 40 60 80 100 120 140 160 '180 200
EMS[GeV]

Event yield before NN (M,=160 GeV)
Nsig Nbkgd Ndata

ee 3.5  238%11 236
m 41  1242¢16* 1147
ep 6.9 23449 234

(* the large background is mostly due to the low pT(u) cut)
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CDF HHWW*

Separate into 0, 1, and 2-jet bins
e backgrounds and signal kinematics are different for each jet bin
e sensitive to additional signal contributions from WH, ZH, and

VBF final states in the 2-jet bin

CDF Run Il Preliminary j Ldt=3.0fb"
[0
Ve Region: Base 3
C 7004 % edata [Jit
— TO0xm, (160
g H (S ) wa .W'Y
W 600 Owz  [Ows+jets
. 0zz [py
500+ [|Syst. Uncertainty
CL=686%
400 KS CL = 84.4%
300
200
100}
O T T T T 1
0 1 2 3 4 6 7 8 g 10

N

jets

e separate NN for each jet bin
e add ME for the 0-jet bin

Event yield before NN (M_=160 GeV)

Jet bin Nsig Nbkgd Ndata
0 8.4+1.3 540165 552
1 5.2+0.7 226128 227
2 3.9+0.5 129120 139

CDF Run Il Preliminary JL:auib
10° ;AII Jets HWW M, = 165 GeV/c? o
10° ;—
10;
il
e
10“;—
102 i
E||I P I I | \\\l\l\l\\\‘l\l‘l\l
-1 -0.8 -06 -04 -02 02 04 06 08 1

NN Output
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H—>WW?* Limit

Sensitivity and limit:

e fit NN outputs for each mass hypothesis

to determine sensitivity and limit

—— Bg (pre-fit)
8 L — Bg (Bg Only Hyp)
§10 E ee,-e.u-, uu &@3 fI;;L_.uln I Preliminary B.g (S+B Hyp)
w - Lo || Signal mH=160
) B T * Data
10 E —a- —-?L:—a-._.___.q_.__.__._

10

0 01 02 03 04 05 06 07 08 09 1
NN Output

95% CL limit/SM for M,;=165 GeV

95% C.L/og,
2
T T TTTT |

Limit / ¢(pp—H)x BR(H->W*W")

Lumi (fb!) Nsig Expected Observed
CDF 3.0 17.2 1.6 1.6
D@ 3.0 15.6 1.9 2.0

CDF Run Il Preliminary

r L=301"

2

Standard Model

.o == HWW Expectation ...

—— HWW Observed

110 120 130

Illlltl‘l 1
140 150 160

|“|‘“i”i“‘|‘“|“i‘”l“‘l‘“llu |lHl“l‘“l‘”i”‘\“'l‘“
170 180 190 200
Higgs Mass [GeV/c’]

m— (hserved Limit

D@ Pseliminary, L=1.0-3.0 fb
.\ H-WW-

------ Expected [Limit

Expected i £1-6
xpected £2-¢

Standard Model =i1.0

120 130 140 150

160 170 180

190 200
my (GeV/ch
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Combined Limit

e Low mass Tevatron combination for ~ 3 fb-! in progress,

expect a limit of ~ 3xSM

e High mass combination reaches promising land

Tevatron Run I Preliminary, L=3 b’

S T T 4 F —1-CLs Observed
% ..... Expected - 1-1: 1-:CL§Expected
é — - - Expected fl—o’
_5 - ‘o 1__ ....... Expec ed £2-G.n
=10 | ] +20 g 95%C.L
O ; 0.9
| i 90%C.L
(o)) Ry e S —
1 0.7%
:..|H‘H.H..|..|.H‘\H‘|JUﬂY‘3Q,|’20.03w: o AT PUEG B
155 160 165 170 175 180 185 190 195 200 > '¢0 102 T 1 A0 A8 Ao ey
m,(GeV/c)
95% CL limit/SM
M, (GeV) 160 165 170 175 180
Expected 1.3 1.2 1.4 1.7 2.0
Observed 1.4 1.2 1.0 1.3 1.6
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Higgs in Supersymmetry

Minimal Supersymmetric Standard Model (MSSM)

e predicts five Higgs bosons: h, H, A, H*, H-

e two of the three neutral Higgs are generally degenerate in mass = ¢
¢ production cross is proportional to tan?3

2 2 2 2 2
Ghop + Grpp Ty ®2xtan"Bxgg,,

e () decays predominantly to bb and tt pair
For tanB —_ 40 (z mt /mb) ] Tevatron, /s = 1.96 TeV, MSSM, tanp3=30
Br(¢—> bb )~ 90%,
Br(¢—77r)~10%

0 (pb)

9

Physics at LHC, September 2008 @ Split, Croatia Jianming Qian (University of Michigan)

Qg 100 200 300 400
M, (GeV)




SUSY ¢o—bb

Both experiment have searched for gb—¢b— bbb directly
e trigger on multi-jet events

. _ % so- D@ Prelim,, L=161 fb™ N
- = - ata B
e select events with three b-tagged jEt? § o 9 3jdseclusie e kg
e look for mass bump of two b-tagged jets = Aop HOWMESYL Heavy flav.
2 300 —
e data-driven background determination 5 oo | E
o fit the observed my, distribution for 10057 L E
a potential Higgs signal o 1 E
2°?+H.ﬁ by 3
CDF Run Il Preliminary (1.9/1b) zgi "\J _I_ " E
& e E
g o = ::: ::éi 100 JrJr1éo 200 250 300 350 4200
§ 200 = bt My, [GeV/c]
% 400
S 300 2"'""Dé Preliminary, L=2.6 fb"
Q 140:—gb - b(l)
200 120 expected
100 w00k observed

0
50 100 150 200 250 300 350 80

m,, (GeV/c?) “

no evidence for pb—bbb ! @ "

allowed region

20

e b e b e
100 120 140 160 180 200 220
M, [GeVic?]
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SUSY ¢p— 171

¢—>1T is an important search channel at Tevatron

° (I)_)TT (CDF, D¢) and bd)_)bTT (D¢) 00 MSSM Higgs — 1t Search, 95% CL Exclusion

e trigger on e+t and u+t

e T identification is the key 70
~ 60% efficiency with 1% fake rate

CDE Runi ' Preliminary, 1.8 fh

no mixing

tanB
3

u=0
D Preliminary (1-2.2 fb ™)

~ Multijet & W+jets

Other EW & tt

no mixing

100 120 140 160 180 200 220 240

Events per 10GeV
[«
[=]
o

700 m, (GeVic?)
Z-tT . =
600 No-mixing, u = +200 GeV
500 —&— data o 100
400 --m-- M,=160GeV (G = 30pb) %

¥ ¥ o £ 1 1 & £
% 50 100 150 200 250 300
Visible Mass (GeV)

nothing in this channel either !

Tevatron combination is in progress.
Expect significant improvement in the limit.

" Observed limit -
— Expected limit -
B LEP2

120 140 160 180 200 220 240

M, (GeV)
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Regrets... Other Searches

e H— vy (D@, 2.7 fb1)
Important low-mass channel at the LHC
Expected limit: 23xSM, Observed limit: 31xSM @ 115 GeV
e (H > tt)+2jets (CDF, 2.0 fb)
Pick up signals from gg —» H, VH — qqtt, 9q — qgqH — qqtt
Expected limit: 30xSM, Observed limit: 26xSM @ 115 GeV

* VH — qqbb (CDF, 2.0 fb1)
Overwhelm QCD backgrounds.
Expected limit: 35xSM, Observed limit: 37xSM @ 115 GeV

e ttH — ttbb (D@, 2.1 fb1)
Expected limit: 45xSM, Observed limit: 63xSM @ 115 GeV

e WH > WWW* (D@, 1.1 fb!)
Expected limit: 1.1 pb, Observed limit: 1.5 pb @ 120 GeV

CDF: http://www-cdf.fnal.gov/physics/new/hdg/hdg.html
D@: http://www-d0.fnal.gov/Run2Physics/WWW /results/higgs.htm
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Prospect

Tevatron Collider
e excellent performance, decision on 2010 running next spring

Experiments continue to push the envelope
e improve lepton acceptance;

e add new search channels;

e new tricks for existing analyses

m, =160 GeV
s 14 . : :
CDF+DO " mH= 1 1 5 GeV % - — Summer 2005 Channels
T S —— Summer 2006 Channels .
1 NN N o = —— Summer 2007 Channels
0.9 p— 2()’ —FB —— Winter 2008 Channels
0 8 ;“ L 30 §-‘ 10 .................................................................. — ICHEP 2008 Chzmmels
il - ¥
A 50’ H 3 With Improvements

Fraction of Experiments

3| 4
1 2
O L A L " A b L e el I R ey
0 2 4 6 8 10 12 414 0 5
Integrated Luminosity/Exp (fb ') 0 1 3 4. 5 6 |
Dashed: 1.5*Improvement Integrated luminosity/Experiment (fb™)

Solid: 2.25*Improvement
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Summary

Both CDF and D@ have a comprehensive Higgs search effort.
The sensitivity continues to improve at a rate faster than the

data accumulation.

a 11: - =—!1-CLs Observed
. . I L1} i TECL Bxpectsd

The search has reached a tipping L 1 e i
pOInt’ expect Iarge exc|u5|on’ or | T— E A r AN N} Expec;edﬂ..g ..............
better evidences, from Tevatron 0 _95%CL.

- 90%C.L.

with the full dataset !

The Tevatron still has a few years . A .
. . 155 160 165 170 175 180 185 190 195 200
going for it ... - (GeV/c)

and the dream is alive !
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