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Introduction

— Standard model: very successful !

— Higgs mechanism to break electroweak symmetry

= Massive EW bosons
= Massive quarks and leptons

= Higgs boson

— Where is the Higgs 7
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What Do We Know?

Precision EW measurements at Tevatron, LEP and SLD

' |
1 —LEP2 and Tevatron (prel.)

80.5- - LEP1 and SLD
68% CL

% my = 761_32 GeV
© 8041 | |
& my < 144 GeV at 95% CL
ws| 4 (e = 170.9 + 1.8 GeV)
150 175 200
m, [GeV]

LEP2 direct search: my > 114 GeV (my < 182 GeV)

= Within reach of the Tevatron!
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What Do We Know?

Precision EW measurements at Tevatron, LEP and SLD

March 2008
T

|
1 —LEP2 and Tevatron (prel.)

80.5- - LEP1 and SLD
68% CL

3 = 87136 GeV
O 8041 | )
kS my < 160 GeV at 95% CL
803 L (mt = 1726 +1.4 GeV)
150 75 200
m, [GeV]

LEP2 direct search: my > 114 GeV (my < 190 GeV)

= Within reach of the Tevatron!
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Higgs @ Tevatron

Production Decay
"""" L L B L L B L L L 1 - N
10°% Tevil " Standard Model WW
o [fb] | : "BR(hg,,) e
_ _ -
/
-1 // |
///ZZ
8;) — IIOOI - 120 140I 160I I II I I200
M, [GeV]
— Gluon fusion — bb at low mpy
— Associated production — WW at high my
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Higgs @ Tevatron

o X Br for experimentally most accessible final states

o x Br [pb]

10™ = NNLO, one lepton flavour

——qq - ZH - libb
qq - ZH - vvbb
10‘5§—ggaHﬁwwﬁ||v|v | |
100 120 140 160 180 200
m, [GeV]

WH, ZH with H — bb at low my
gg — H with H — WW at high my
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Tevatron

— pp collisions at /s = 1.96 TeV
— Up to now: [ Ldt ~4.0 fb~! delivered / experiment

— Results shown in this talk: up to 2.3 fb~' (Run lla & Run IIb)
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Higgs at Low Mass: WH & ZH Searches

— Decays of W and Z: high pt leptons and/or Ey
— H—bb: at least two jets

— Background sources:

+ W/Z with additional jets (including Wbb, Zbb)
* tt, single top

* Multi-jet production with mis-ID of lepton or It
+ Di-boson (WW, WZ, ZZ7)

= Need to precisely model these !

x Multi-jet directly from data
+ Others from simulation (ALPGEN, PYTHIA, HERWIG)
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b-Tagging

Exploit b-lifetime:

- ' s
(Signed) Track }f

at
-
P

e L o~

Impact Parameter (dca) - "
j Decay
Hard Scatter " Length (ny)

— Combine lifetime variables in, e.g. a neural network:

x Vertex mass, decay length, impact parameters

= High b-tagging efficiency:

x “Tight": 50% at 0.5% fake rate (D@ neural net tagger)

* “Loose”: 74% at 5.0% fake rate (D@ neural net tagger)

— Typical analysis: two “Loose” tags or one “Tight" tag
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Two Charged Leptons: ZH — ¢¢bb

— Clean signature: two isolated leptons, mj,, ~ mz; no Kt

— Exclusive samples with one “Tight” or two “Loose” b-tags
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Before b-tag: 1.45 ZH
7.6k background events

I40I | I60I | I80I | 100 I120I 140 160
Leading-Pt di-jet mass (GeV)

Double b-tag: 0.53 ZH
73.6 background events
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Two Charged Leptons: ZH — ¢¢bb

— Improve sensitivity by using more information

= Neural network, using event kinematics as input
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[ Ldt ~1fb
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ZH — ¢¢bb Results

— No excess, data agree with background model

— Use neural network output to derive limits

Limit / o(pp — ZH)xBR(H - bb)
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At my = 115 GeV: limit/SM 18 (20 expected)
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One Charged Lepton: WH — Zvbb

— Signature: one isolated lepton, large K

— Events with exactly two jets, b-tagged

4000

‘2 - L=1.7fb* W+ 2 jets ‘2 L=17fb" W+ 2 jets
L%’ " D@ Preliminary e Data L%) | D@ Preliminary ® Data
3000 | |W +jets | |W +jets
Boco 2000}~ Boco
| |SM bkgd [ | |SM bkgd

3000

2000

1000
1000

80 100

60

80 100 120 140 160 180

P; of Lepton (GeV) W Transverse Mass (GeV)

Before b-tag: 9.9 WH, 33.5k background events
Double b-tag: 2.3 WH 204.1 background events

120 140

M.P. Sanders 14 LPNHE Paris



One Charged Lepton: WH — ¢vbb

— Train a neural network against Wbb, kinematics as input:

AR(jets), pr(di-jet system), A¢(jets), pt((sub-)leading jet),

pr(p-Ft system), m;; = =~ 15% improvement in limit
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Near future:
Forward electrons, 3 jet channel, improved neural network
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One Charged Lepton: WH — ¢vbb

— CDF, [Ldt ~1.9 fb~"

x Two double b-tag, one single b-tag categories

* Forward electrons included

50

40

Number of events

30

10F8 .
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W Background error
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WH — ¢fvbb Results

— No excess, data agree with background model

— Use neural network output to derive limits

~
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N . . . CDF 11 Prelimi
T ' o N10°F WHIvbb for 1.9/fb retminan
Y| S N— S SRS S === Observed Limit ..;............ = =
5 F : : : : SR = -
E‘Q - Expecteq Limit E B Expected WHIvbb + 20
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2 40f- DQPreIImlnaryL17fb ............................... L_I) 3 E
% F WH- v bb o -
= onC 5 | S~
2 el S =) -
g 30 Te)
- S 10f E
20 q st E
10 ““"“"“‘,;ll““‘ ................. R o L
: lllll 1 | 1 ] 1 ] 1 ] 1 |
N e e e e S e 110 120 130 140 150
05 110 115 120 125 130 135 140 145 . 2
m,, (GeVic?) Higgs M ass (GeV/c9)

D@ at my = 115 GeV CDF at my = 115 GeV
limit/SM 11.1 (9.1 expected) limit/SM 8.2 (7.3 expected)
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No Charged Lepton: ZH — vvbb

— Signature: two jets and large Ft

— Instrumental background from mismeasured E

+ Direction Kt # direction jet

x Hr vs Ht asymmetry
* Use calorimeter-based Kt and tracks

x10°
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Q s D@ preliminary (2.1fb%) 3 & - D@ preliminary (2.1 fb™)_1
S - [ ] — Data - g = — Data -
r —F f——] Il Top 7] o Bl Top -
ﬂ - Z+blc-jets 1 < C Z+blc-jets 7
S 5 — Z+jets(.f) - Y s0 — Z+jets(1) —
> - W-+b/c-jets ] - L W+p/c»jets 7
L - = - WHets(l.f.) 1 @ n W-ets(l.f.) .
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No Charged Lepton: ZH — vvbb

— Decision trees to improve sensitivity

x Recursively cut on kinematic variables

x More discriminating than m;

Run lla Run llb

m [TrrryrrrryprrrryprrrryprrrryprrrryprrrrprrrrJprrr1r [ rrToT m [T T TT I IIIIIIIIIIII I T T TrT I IIIIIIIIIIIIIIIIIIII
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— Data B — Data

P B Top 1 & C . B Top -
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% Z+jetsi(.1) T % 40— Z+jetsi(.1) _]
> W+b/c-jets — > - W+b/c-jets —
L W-ets(l.f.) 1w o W-ets(l.f.) -
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I Multijet ] __ I Multijet __
— VHx25 (115 GeV) a 30 B — VHx25 (115 GeV) _
] 20_— + ++ % ]
] 10 — ]
0 1 dobll L1 l Lolol I: 0 B 1 1 + 11 l—I L l Lolol I_
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DT discriminant DT discriminant
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ZH — vuvbb Results

— No excess, data agree with background model

— Use decision tree output to derive limits

x : : : - : _
3 qubb DT VH Slgnal 2 F ZH-wbb DT, VH Signal
1 DE Prellmlnary (2 1 59)- - D@ Prellmlnary (2.1 fb )
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%
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H H H H H LLRS+B — H H H H H
1 cL | L | L | L | L | L .T. - '0BS 1) e mee— e —— T — e o ..I.. —
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At my = 115 GeV: limit/SM 7.5 (8.4 expected)

M.P. Sanders 20 LPNHE Paris



Higgs — 71

Production Decay

1 ——]
"""" L L L L - ﬁ'\f
flbO?E— TVl Standard Model WY
o [fi] ] :BR(hSM) /'/E

/

-1 /
10 / -

//zz

2
10 =
200 80 O 100 — 150 T 1!10 I 160 T : T 200
m,, [GeV]

M, [GeV]

H— 77 ~ 10% of H — bb
VBF H — 77 important at LHC !
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Higgs — 71

— CDF, [Ldt~2fb~!

— Final state: 7(— ¢X) 7(— hadrons) + 2 jets

— Sensitive to WH, ZH, VBF, gluon fusion

— Background from Z/W-+jets, tt, di-boson, multi-jet

— Neural networks trained against main backgrounds
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Higgs — 71

— At my = 115 GeV: 0.76 Higgs, 373.8 background events

— No excess, data agree with background model

KS prob = 68.4% CDF Run Il Preliminary - CDF Run Il Preliminary (L = 2.0 fb™)
n = = = : : : L :
c f —=— Observed (L = 2.0 fb? o : —— Observed Limit
2T [ ] Jet - 1(QCD+Wijets) L _ | — Expected Limit |
10° = Top cf 10° ....................... ................. PEiIchand ..........
:.ni:u: | Diboson/Z - I % E : : + Standafd Model (NLO)
) Z - tr+jets 5 T
102 Higgs(M =120)x30 =102
E =
3 ¢
X L
3
B, 10 E_ .............................. 44444444444444
1 A& & A e A B
:I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
- : 0 e 110 120 130 140 150
Min(NN(Sig VSZ),NN(S|g VSTop),NN(SlgVSQCD)) Higgs Mass [GeV/c?]

At my = 115 GeV: limit/SM 30.5 (24.8 expected)

= Another step in sensitivity!
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Higgs at High Mass

- H—-WW — fviv
— Final states with ete™, utu™ or e*uT and large Bt

— Background sources:

+ Di-boson (WW, WZ, Z7)
* tt, DY di-lepton production
* W + mis-identified jet/~

— Signal includes VBF, leptonic 7 decays
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Higgs at High Mass

Good agreement at preselection level

D@ Run b Preliminary ete- L=1.2/fb D@ Run lIb Preliminary ete- L=1.2/fb
.g I§---|---|---|---|---|---|---|---|---|---§I_._data .g105%"%""I""I""I""I""I""I"'%:
& 10t . 5 F ]
E — Hygy — WWx 10 E E
Elm = -
3 _Zﬂee E 3
?E _Diboson _E EE
— [ N
W+jetsly §
— =
QCD 3
. _ttbar a
uil U — I B
0O 20 40 60 80 100 120 140 160 180 200 35 4
ngiss[GeV] Age,e)
— Cannot reconstruct my, but . . .
— Spin correlations: A¢(¢¢) small for H - WW — {vlv
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Advanced Technique: Matrix Element

— For each event, estimate compatibility with signal or

background hypothesis

- 1 dOtheory - N | —
P(xobs) — ;/ ;g ye(y)G(xobs,y)dy

Psignal
Psignal + Pbackground

MEdisc(Zops) =

— &,y event kinematics  €: acceptancexefficiency

(i: resolution function

— Use discriminant as input to a neural network
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Matrix Element & Neural Net

Matrix Element discriminant Neural Net discriminant
—e— Data (551) —e— Data (551)
D@ Run llb Preliminary mu+ mu-  L=1.2/fb |— Signal (M =160) D@ Run llb Preliminary mu+ mu-  L=1.2/fb |— Signal (M =160)
) —— Signal+Bkgd. - —— Signal+Bkgd.
10 ? — Total Bkgd. B — Total Bkgd.
= —— Z+jets Bkgd. 102 & —— Z+jets Bkgd.
- = Diboson Bkgd. E = Diboson Bkgd.
10 &= = WH+jets Bkgd. = = WH+jets Bkgd.
E n | = QCD Bkgd. B —— QCD Bkgd.
C T ® | = Top Bkgd. 10 + —— Top Bkgd.
1 E +
101 H |
, - 1015
10°E H K
10_37 L 102 | |7 f'm”l‘
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 -04 -0.2 -0 0.2 04 0.6 0.8 1 1.2 1.4
medisc nnout

Neural Net gives even better separation then Matrix Element

(Neural Net trained against all background sources)
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Higgs at High Mass

— No excess, data agree with background model

— Use neural network output to derive limits

5 4 _H—>WW ---------------- ------------------ o R ---------- LLR, 2-0 N 44444444444444444 ................. ................. ............ — Observed Limit
3 1 : B LR, 1-0 Expected Limit
L Dg Prehmlnal’y L 2 3 fb q s LLRb .......... ................. ................. ................. ............... XpeC e mi

3 . ................. ‘ 44444444444444444 o e . LLR " H H H - Expected il_o'

Expected 12-0

10 -

Limit / o(pp — H)x BR(H-W*W)

oo . T S S PSRN SO
120 130 140 150 160 170 180 190 200 _120130 ........ 1 40150160170180190 ,,,,,,, .00
mH(GeV/c) GeV /c%

Just D@ at my = 160 GeV: limit/SM 2.1 (2.4 expected)
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D@ Combination

— Looking for SM Higgs — assume SM branching ratios —

combine search channels

— WH — ¢fvbb, ZH — ¢¢bb, ZH — vvbb, H — WW, WH —
WWW, H — ~v

— Treat Run lla and Run Ilb separately

— Per channel [ Ldt =1.0 — 2.3 fp—1
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D® Combination
> 16 Analyses

0 £ j2] E N10*E — " E =
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ol0'E L _ a o F L g o F o 4 ) D@ Preliminary, L=0.60 fb
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F F 107
3 + +
101 10 L
0 2 0.4 0.6 0.8 0 0.2 0.4 0.6 1 0 2 0.4 0.6 1 0 0.2 2 0.6
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[T L g [ Lo _ 1 o . _ 1 [ i - <1
D [ D@ Preliminary, L=1.10 5" Sum of Backgrounds @ D@ Preliminary, L=1.10 f Sum of Backgrounds o TDQ Preliminary, L=0.90 fb —— Sum of Backgrounds o D@ Preliminary, L=1.18 fb —— sum of Backgrounds
10 ignal (m =115 Gevc’) E Signal (m =115 GeV/c) E Signal (m, =115 GeV/c) - Signal (m, =115 GeV/c’)
E C F 1
L 10
10 E
101
04 02 0 02 04 06 08 T 12 04 02 0 02 04 06 8 1 12 01 02 03 04 05 07 08 09 0 0l 02 03 04 05 O 07 08 09
NN Output NN Output DTree Output DTree Output
0 E - j2] N (2] E - -
= EH- WW- ev, ev,Runlla —e— paa 2102 H- W'W — ev, g, Runlla —e— Data 2 F H- W'W- ev,ev,Runlib —e— Data H- W'W - ev, wv, Runlib —e— Data
o P _ - r) - B I R _ 1 Lo "
5 [ D@ Preliminary, L=1.10 fb SumofBackgrounds | = - D@ Preliminary, L=1.10 f5" Sum of Backgrounds Emz | D@ Preliminary, L=1.20 fi5 —— Sum of Backgrounds D@ Preliminary, L=1.20 ft* Sum of Backgrounds
10k ignal (m, =160 GeV/c?) Signal (m, =160 GeVi/c?) § Signal (m, =160 GeV/c?) - Signal (m,_ =160 GeVvic)
£ 10
1 C [
b B
107 10
L [P P 1 e
01 02 03 04 0. . X . . 1 0.2 T2 02 0 0.2 0.4 . T
NN Output NN Output NN Output NN Output
%) - %) 0 F - 010"
2 H- W'W - v, v, Runlia —e— Data = —e— Data EmSTWHaWW‘W —e— Data = H-yy , —e— Data
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g 1
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E 10"
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r L W mEEEEEEEE e 1 D —— | | I L | L
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D@ Combination

E 4_SM nggs Comblnatlon"""é .............. ... ............... ............... ;%\ | SM nggs Combmatlon — Obser\/ed Limit
4 f DQ) Prellmlnary L= 1 0-23 fbl W 5 - l@ Pfellmmary L= 10 2. 3 f‘o1 - +r+=++ Expected Limit
3 A - _ - Expected £1-0
A s T Experted 120
a i s
1 Standard Model 1 0
T T30 140150160 170 180190 200 'ilb' '1'2(')' '1'3(')' '1'4(')' 'i5c'>' 'iec')' '1'7(')' '1'8(')' '1'9(')' '2'00
my, (GeV/c ) my, (GeV/c )

At my = 115 GeV: limit/SM 6.4 (5.5 expected)
At my = 160 GeV: limit/SM 2.2 (2.4 expected)

= Getting close to the Standard Model expectation!
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Contributions from Individual Channels

95% C.L. Limit / o(SM)

ZID@Ipﬁ,'rﬁé]Iii'r;ﬁiihié_ﬁ,;ﬁ&',ﬁiii[;ﬁgii_ﬁj_ﬁ;ﬁéﬁ_ﬁgﬁIfIBIIEZIIIIIIIIIIII ZH- IIbBl:)B
Tacos ~ 17 A S R PR R TV ZH - vv bb:
_.955.%..C.L..E.Exp.e.c.éted..L.l n?.lt../..0(§.M)..... WH b bE:
I R R S — WH-WW'W:
5 : : : ; HoWW™:
Hovyy:

1.1 fb?
2.1 fb?
1.7 fbt
1.1fb?

2.3 fb?
2.3 fb*

DZero Combination

1 =

:fffffféfffffffffffffffff;fffffffffffffffffi;fffffffffffffffffgfffffffffffffffffgffffffffffffffffféfffStfahfiﬂfamﬁffl\é%lfﬁﬂfé]iff#‘é—ffflf.ﬂfffff

110 120 130 140 150 160 170 180 190 200
m, (GeV/c?)
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Tevatron Combination
WH — ¢vbb, ZH — M/w/bB, H— WW WH—- WWW H — vy, H— 77 4 2 jets
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| TevaronRun Il Preliminary, L=1.0-24b™ 4 5008

110 120 130 140 150 160 170 180 190 goo
m_(GeV/c")

At my = 115 GeV: limit/SM 3.7 (3.3 expected)
At my = 160 GeV: limit/SM 1.1 (1.6 expected)
= Getting really close to the Standard Model expectation!
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Conclusion & QOutlook

— Higgs not found vyet . ..

— Improvement in sensitivity ~ [ £dt

m,=115 GeV
216 B
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:@ 12 W — arXiv:0712.2383 (2007)
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Conclusion & QOutlook

— Many small steps to follow:

x [Ldt =7 to 9 fb~" by 2010

x Improvements to b-tagging, jet energy, mass resolution
x Improved multivariate techniques

x Increased efficiency for leptons

+ Add more production/decay channels

x Better understanding of systematics

+ Observe di-boson production in hadronic (bb) decays

— Exclusion or observation possible soon !
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