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Le boson de Higgs du modéle standard

Le Modzle standard : une théorie de jauge SU(2)xU(1)
> Dans une théorie de jouge les bosons de jauge @

sont de masse nulle.

® Or les bosons Z et W sont massifs, | interaction
correspondante est de courte portée : interaction

faible ¥
® Contradiction résolue grace au mécanisme de
Higgs au cours duquel la symétrie est

spontanément brisée. Les bosons deviennent
massifs par interaction avec le champ de Higgs qui @
est non nul dans le vide. /\

® Ce mécanisme est la clé de volite du modele et pourtant on attend encore les premiers
signes du secteur de Higgs : la découverte du boson de Higgs

Secteur de Higgs du MS = source de problémes théoriques.
* Renormalisation de la masse du Higgs : divergences quadratiques
* | 'échelle d ‘énergie électrofaible devrait &tre beaucoup élevée que O(100) GeV

® (e secteur de la théorie, non observé est peut-&tre la source de nouvelle physique...

> En particulier la supersymétrie (symétrie boson-fermion ; double le spectre de
particules connues)  prédit l'existence d'un secteur de Higgs étendu avec un boson léger
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Couplages et Rapports d 'embranchement

> Dans le modele standard une seule inconnue : 4 ]
> la masse du boson de Higgs. n__ Yergmd/m,,
> Les couplages sont connus f

° rapports d'embranchement connus
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Contraintes expérimentales sur le Higgs Standard

Indirectes

> Les corrections radiatives relient les différentes observables
électrofaibles (masses, asymétries, couplages)

° Mesures de précision au LEP /[HI-‘ .
/

°  Masses du top et du W (LEP+Tevatron). Y Y
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Contraintes directes et indirectes
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Tevatron Experiments at RunIl
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> Drift chamber

Silicon detector
* TOF PID system

> fiber tracker
Upgraded Upgraded

Calorimeter °

Calorimeter, muon system
°* DAQ/trigger * DAQ/trigger

| displaced-vertex trigger
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Sections efficaces de production au Tevatron
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Production cross section (m,, 115-180)

- in the 0.8-0.2 pb range forgg > H
- in the 0.2-0.03 pb range for WH
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Canaux de recherche au Tevatron

En collisioneur hadronique il faut chercher des signatures autres que
« pure jets »: leptons dgrand p, ou E_(v)

Pour Mh < 130 GeV

production associée avec W ou Z, désintégrations leptoniques de W/Z:
°> Whbb : ev bb, pv bb
> Zbb :eebb, ppbb, vwbb
> WWW?™: ee+jj+vv , ep+jj+vv, pu+jj+vv
Pour Mh > 130 GeV:
gg->H->WW?* désintégrations leptoniques
evev, LVuV, VUV

Canal CDF DO
lvbb 1000 pb! 350 pb!
WH WWWwW* 190 pb?! 370 pb!
ZH | llIbb 1000 pb! 900 pb!
vvbb 970 pb! 260 pb!
H Ww* 360 pb! 970 pb!

w LSPC 16/11/2006 Boris Tuchming - Higgs results from Tevatron 9 '



Tagging x Taggability efficiency (b-jets) (%)

Tagging x Taggability fake rate (light jets) (%)
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b-tagging

B-hadron are long lived particles ct~0.5 mm.

Semi-leptonic decay b->uvc
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:— Tagging efficiency at n=0.5
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> Can make use of:
> High impact parameter of tracks
* Secondary vertex reconstruction
> Lepton tag
° b-jet kinematics
> combination of above with multivariate
technics (eg ANN)
> Eg CDF 2™ vertex tag:
> £=50% for 0.6% mis-tag at 1<l

Eg: DO IP tag:

*> £=50% for 1% mis-tag at n=0.5
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Basses masses
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Most difficult
| Large background

%< b (alsoWcc)
b
2 b jets ~50 GeV

s

1 lepton ~40cev u —MV

Missing E; ~ 40 GeV |
M W42 light jet

with one/two
false b-tag

q t
/\ Y q “ttbar”:
- Jets+leptons
d q

Q |

—r

from W decay

Single Top

, “Non-W from QCD”
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CDF: WH->Wbb 960 pb'!

* Sélection ° Bdf
> |epton isolé, central e/p. p.>20 GeV ° W=+jets mesuré dans les données
s [E.>206eV °>  W+bb/W+jets MC Alpgen

> Exactement 2 jets: E>15, |n<2

* Combinaison exclusive de 2 sélections
> Exactement 1 jet b-tag (NN)
°> 2 jets avec Secondary Vertex

tag
CDF RUN 1l Preliminary 160 CDF RUN II Preliminary
2] i 2] [
S12000 —e— Data(955pb ™) "qc'; - —e— Data(955pb™)
Lﬁ C [ ] W+Heavy Flavor I.I>.I 140 [ | W+Heavy Flavor
- - [ | Mistag u i [ ] Mistag
o .
Emﬂﬁ WL [ non-W QCD g 120 [ ron-W QCD
-g . [ | Diboson/Z’— 1t 2 00l [ | Diboson/z°— tt
2 800 R [ ] ti(6.7pb)+Single Top § C [_] ti(6.7pb)+Single Top
RN “umt Background Error Zz 80 2 Background Error
600 -
i 1 tag 60, 2 tag
400~ = B DM
i - 40— \},k\ & S R
200 . 200
- C —
______ 0 | | | o .0: | | | |
W+1jet W+2jet W+H+3jet W+24 jet W+1jet  WH2jet W+3 jet  W+>4 jet
Jet Multiplicity Jet Multiplicity

w LSPC 16/11/2006 Boris Tuchming - Higgs results from Tevatron



CDF: WH->Wbb 960 pb-!

exemple sélection 2 tag
Mistag Wc(c) Wbb  tt+t  Other total  Data
35:05 [3.3:11 [203:7  [14:3  26:05 44.2#8D5 | 39
systématiques
Source Uncertainty (%)

= ltag w/ NNtag > 2tag

Lepton ID ~2%
Trigger < 1%

ISR 1.8% 4.3%
FSR 3.2% 8.6%
PDF 1.7% 2.0%
JES 2.3% 3.0%

b-tagging 5.3% 16%
Total 7.2% 19.1%

Pour m, =115
c(WH)xB(H->bb) <3.4 pb @95% GeV

G,/o(SM) ~

26
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CDF Run Il Preliminary
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DZ: WH->Wbb

° Sélection

> lepton isolé p.>20 GeV E 80
> [B.>256eV >
s 32 jets: E>20, Gev |n|<2.5 5"
* 2 samples exclusifs “ 0
> 1b-tag tight
> 2 b-tag loose 20

°> Bdf

° W+jets mesuré dans les données
> W+bb MC Alpgen, K factor MCF@NLO

200

b
PRI Ira

0 1

% - D@ Preliminary_ W+ 2 jets

(5 | L=371-385pb" . Data

&

- 400~ W+ jets
""E, ~ Qcb

g " |SM bkgd
w

g requiremer

0 50

100 150 2oo 250 300
Dijet Mass (GeV)

1
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Events / 20 GeV

7388 evts for L~380 pb!

0_

0_

0_ Eﬁ 3P;(1eI|3r181 :Ly W + 2 jets

- e Data

I uW + jets
o - aco

| |SM bkgd

20 40 60 80 100‘120 140

W Transverse Mass (GeV)

40 Dﬁ Prellmlnary W + 1 b-tagged jet
ExpecT 112417 evts Q55"
Wit
30observed 112 evts mwib
L mother
COWH

115 GeV

20[

10

b~ 50 100 150 200 250 300
Dijet Mass (GeV)

BOMNS 1uCnming - Higyys resuis irom Tevatron

Events / 20 GeV

8
Expect 27.9+4.2 eyt

0 50 100 150 200 250 300  =mo
Dijet Mass (GeV) A=

Dﬂ Prellmlnary
= 371-385 pb

W + 2 b-tagged jets

e Data
W + jets

observed 25 evts mobe
L OWH




DZ: WH->Wbb 380 pb"!

> Eg sélection 2tag

Mistag | diboson | Wbb tt+t QCD total | Observed
35+0.6 | 1.6+0.3 |10.8+2.4| 93+19 | 14+06 | 279+42 25

% D@ Preliminary ,  W+2b-tagged jets
(O] - L=371-385 pb’ e Data . . .
o | W + jets * Systematics on Higgs production
a 105 Et? CE) > Jetenergy scale 5%
g | i > JetID 7%
Q EWH ° Trigger-leptonID 6%
w1 > MC simulations 5%

- > B-tagging 9%

I TOTAL 15%

107}
0 50 100 150 200 250 300
Dijet Mass (GeV)
Pour m =115

c(WH)xB(H->bb) <2.4 pb @95% GeV
c,/a(SM) ~ 17
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Résultats CDF et D@ pour Wbb

CDF RUN Il Preliminary

51035 Data(955pb ™)
= —e— Data p
& B (Expected +10)
o - —=— CDF RUN Il (319pb )
O 0%} DO RUN 11(378pb )
’r - e (DO Expected)
I - —&— Standard Model(NLO)
g 10 =
Pour m =115 @95%CL -
CDF 955 pb! /%If i
o(WH)xB(H->bb) <3.4 pb -
c,/c(SM) ~ 26 | g_ i
(Limite "malchanceuse") 10k
o =
DO 320 pb! i
G(WH)XB(H‘>bb)<2s4pb 10_21—|'|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIII
G, /o(SM) ~ 17 105 110 115 120 125 130 135 140 145 150
(Limite "chanceuse") H|ggs Mass (GeV/CZ
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HW -> WWW* <> liw jj

w ﬁf<| u_JZA/IL<I\:'

Q.|

\Y<E+
L-

L Wz

V

+1 lepton non

2 leptons méme charge ~ 40 GeV 7 |+ détects
Missing E; ~ 40 GeV u N
:l Zly +

w+ 7 I

d™ @ VI

Jets faking MET
charge mal estimée

. b
XV-;I:'I - 9 2 Jets
et faking lepton . XY . produisant 2 leptons
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DZ: H->WWW* -> liw (370 pb!)

> Présélection > Bruit de fond:
> 2 leptons isolés p.>15 GeV ®> WZ production obtenu du MC
> méme charge ° glver§ion de ghgqgte' prloggnant des
o B.>206eV onnees(‘r‘:ro abilité ) '
° QCD multijet, W+jets <= données
ee [
n —*— data —*— data
: B fiips 8.7+ 3.2 8 B flips 74+28
4 B acD 58+28 i I ach 3.1+£20
af it Il Wz 08 a- Bl Wz 18
E 12z 0.1 s 127 0.2
2t
1
0 50 100 150 200 0 100 200 300
M, (GeV) M,, (GeV)
e el L

I I I A
charge flips | 873+ 3.33 (017 005 | 7.384 2.91
WiQcCcD 5804+ 292 14384+ 026 311+ 2.10
WZ 077008 211025 1.77+£0.25
Y 013+ 001 (031003 0.214+ 0.03

, total 10434+ 393|097/ 035371247+ 3.50
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DD: sélection WWW*

Topological Likelihood discriminant, built on 3 variables per channel
ee el

100 150 200
E (GeV) F (GeV)

- fala
I filps
B aco
I vz
[z=z
—— WH

+— pala

100 150 200 I 100 150 200 150 200
B (GeV) B (GeV) B (GeV)
—%— g33 —* 33 —F gala
. o - o B Mip=
B och 1 B oco 1 B oo
1 vz Bl vz vz
[z —zz CJz=
10 — WH —— wWH 107 — WK

2 3
A" (GEV)

2 3 =2 3
_ﬁ.mI’"E' (GeV) _ﬁ.mI’"E' (GeV)
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résultats WWW*

* Résultat DO apres coupure sur likelihood:

0.4

=107

Events

10

pour
CDF

WH-WW*'W
D@ Run Il Preliminary

363-384 pb'/ 3 Analyses
—— Signal (m =155 GeV/c?)x40

—&— Data

Background

i

L]

|

m, =160 GeV
194 pb:

I 11 1
0.8 0.9
Discriminant Value

oxB(H->WW) <8 pb ®95%

D@ 360 pb:
cxB(H->WW) <29 pb @95%
c,/o(SM) ~60
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5(WH) x Br(H > WW)|

Mg =155 GeV
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ee el L
data 1 3 P
charge flips |0.16+ 0.06 | 0.03+ 0.01 |0.96+ 0.38
W/QCD 0.09+ 004 |0.70+0.01|0.79+ 0.54
WZ 0.31£ 003 |0.74+£ 0.09 | 046+ 0.07
Z7 0.02+ 0.01[0.09+ 0.01|0.064 0.01
total 0.58+ 009|155+ 0.13|2 284+ 0.65
I DQ, 360-380 pb
10
- o — gy
B wl
1 ;L —s— Observed 95% C.L. limit
SR - I IR Fermiophobic Higgs
i E 2 Standard Model Higgs
- -
107 3
- > ..m'ul'l'.'rﬂa,,,_‘m_
B Ll e
10.2 [ |Jl I R N R B [ (I L |
100 120 140 160 180 200
M, (GeV)
21




ZH -> vv bb

Z/H= v vbb

2 b jets ~50 GeV
Missing E; ~ 90 GeV

q / }
! \ Production de to V
- p Z <
i . avec 2 leptons Vv
- W/< ]
— t

non détectés

b
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Most difficult background:

QCD Di-jet (bb)

Fake Missing E;

15t jet

W/ |+
u V| Wbb avec lepton

—_— non détecté
d %< b

Zbb

u_%<b
b




p

No le

wn >

180"

AQ(MET, J2)"*

Events/20 (GeV)
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. - >VYV - -1 _ 100 Dijet mass in EWK Region, =1 Tag
CDF * ZH bb 1 fb E 902_ CDF Run Il Preliminary, 0.973 o'
S ~ Data
% 80F + []Z+h .
S 70~
. Missing E; in QCD Region, =1 Tag w T + D‘;’;'h'f'
§ [ coFRunilpreiminary, 0.073'| | M, in EWK control region: 6o; ET' oson
= F op
10°E - Data 50
% F [Z+hf. * one lepton a0t [7]QCD h.f.
> B . - "
"0 [CIW+h.f. * met away from second jet 3ot WMistag
| |Diboson 20F]
10° BTop ZH—>vvbb Search, Control Regions -
g [QcD hf. A 100
101 M Mistag S 500 600
| ; 1 " ol
i3 T ‘e
Cl ] L, p
0 50 100 150 200 250 300
Missing E, (GeV) 1
0

g Dijet mass in SIG Region,>2 Tag
" CDF Run Il Preliminary, 0.973 fb’
—-—Data
—ZH115*10
[]zZ+h f.
[JWs+h.f

[ ]Diboson
W Top
[EQCD h.f.
P Mistag

300 350 400
M, (GeV)

50 100 150 200 250




COF : ZH->vvbb - 1fb!

Exactement 2 jets: E.>60,20 Gev |n|<2.4

E.>75 GeV

Ap(MET, J2)>0.8

2 sélections exclusive

* 1b-tag, 2

b-tag

> sélection sensible aussi au signal
WH -> Ivbb ( lepton non détecté)

CDF Run II Preliminary (0.973 fb'l)

10°E

95% C.L./SM

10°

10

1

Z+W— (vA)V bb Expected 95% C.L

ZH— ¥ bb Expected 95% C.L.

WH—s (ljv bb Expected 95% C.L

[ ] Cbserved 85% C L. limit

LSPC 16/11/2006

’\.h.’///,.——/-
c,/o(SM) = 16
pour m, =115 GeV
I1'||(]I - I1'||5I - I1£ClI . I1?.15I - I1:|'l(:lI |

Higgs Mass (GeWcz)

Boris 1rucnming - Higgs results from Tevatron

QCD hf | 3.5+1.7

Mistag | 4.8+0.9

top 5.5+ 1.1

qques chiffres W+hf | 2.9:14
2 b-tag Z+hf | 2.3:0.6
diboson | 0.6+0.1
total 19.6+3.1
observed 24
E.l = 100.3 GeV
E.2=54.7 GeV
 —— E/M==144.8GeV
S M,=82.1GeV




DG : ZH->vv bb - 260 pb!

° 2 jets acoplanaires

> E,.>206eV -2600;_ DORuNIl (280PE") o g
° ET> 50 GeV - 5002— A o Physical bk
> Ad(dijet) < 165° 4007 B EmerEL
> Sum of scalar jet E. <240 6eV  s00f
200(3
° 2 samples exclusifs: 100> , ,
°> 1 b-tag tight 0302 o4 0 o1 02 o3

° 2 b-tag loose (Fr #E )

> Bdf instrumental (mismeasured E.)
estimé en étudiant |'asymétrie
- ET calculated using calorimeter cells

> W, = - |zpLjen) - jets
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DD : ZH->vvbb - 260 pb!

E D@ Run Il Preliminary
Pour mH = 115 GeV S 250 —+— DATA
a [ Zji/zbb
75 <mjj < 125 GeV: £ ool [ Wjj/Wbb
u:J C [ Instrumental
° 94 +/-18 predicted : Elgszaz-bE o
B —V YV X
10F
5H
Systematic uncertainty, DT (%) %0 50 100 150 200 250° 300 350" 400
Source Sig | bkad , Dijet ibva2#&i plss (GeV)
> C i
Trigger efficiency 6 6 8 gf_D¢ Run i Preliminary
Jet ID 7 6 8 g&  2b-tag —— DATA
JES 7 8 & _F L1 Zjy/Zbb
s TE [ 1 Wijj/Wbb
Jet energy resolution 5 2 o 6E [0 Instrumental
_ - I tt/single top
b-tagging 14 12 S ¢+ B Wz/Zz
Instrumental bkgd. - 9 4;_ _I—'_ il CJZH-v vbbx 5
Bkgd Cross Section - 5 zg_ J J L
Total for DT 19 | 19 £ L | ‘
Total for ST 14 18 =
0 50 100 150 200 250 300 350 400

Dijet invariant mass (GeV)
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DG : ZH->vvbb - 260 pb!

a I
2 [ DORunll
1B qgL ZH-wbb (260 pb™)
a 7F
T E \ 1T ——
T [ Tt e Frey |
L 95% C.L. upper limit
X = —
~ E ( --- expected limit)
L [
N [
| 2_ i Standard Model
S0 T
=
[ 1 1 1 | I 1 1 1 | I 1 1 1 | I ..I..-"I'- 1 |
100 110 120 130 140
Higgs Mass (GeV)

DZ 260 pb™:
cxB(H->bb) <3.2 pb ®95%
c,/c(SM) ~ 40
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ZH -> libb

b
b
i ~ z 7
2 b jets ~ 50 GeV each y < |_
2 IepTOnS ~ 40 GeV each - Z+ jets
Z mass constraint u M (mistag)

Cleanest signal

0|
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DG : ZH -> llbb (30 oct 2006)

° 2 iSOlﬂted leptons. pT>15 GeV E’ 103 = DO Prelimina-y (920 pb'1) :%D)%t[a)t
= — Z+jets
o [E.>256eV ~ =70
> 22 jets: E15, Gev |n|<2.5 I
o
> 65M_ <115 GeV 70cM 1106GeV & A —rHs
° 2 b-tag loose : T
‘Pour m,=115 GeV o i
Bdf attendu = 21.7:7.5 : o
: 10° 200 250
Candidats 23 Mee (GeV)
(ZH)XB(H->bb) <2.7 pb @95% -
e —-Data
g c,/o(SM) = 33 S | D@ Preliminary (840-920 pb') =gcb.
|§ 10 s, D@ Prel. (0.36 fb™ © 10 + —Z+bb
s . :: - =1t
T L esaassmosniiiiriceeseeeeeno... n C i' . ZZz
T CDF Prel. (1.001b") "Rl c - 4 = =WZ
@ 1c D@ Preliminary (0.85 ib") @ L ﬁ . I —ZH 115
X - 95% C.L. upper limit L = L gl
T | (---- expected limit) - —|—l—|_I_L—-——.
N ke i
|I>.1 07E Standard Model e 107 = ]
e T o ‘
2 '..l....l....l....li... ''''' P :
110 120 130 140 150 ’--| U Lol

I 1 1 1 L 1 L
200 250 300 350

Higgs Mass (GeV) 1% Mijj (GeV)
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CDF : ZH -> libb - 1fb!

> Sélection
> 2 leptons a grand p.

> 76<M,<106 GeV

> 2jets p;>15,25 6eV Search for ZH—> I'I bb

°> 1b-tag

W
n
I T

CDF Il Preliminarnydt =0.97-1.02fb”

. Data

- Standard Model Backgrounds

Number of Events
o 8
| |

ZH — libb X 100 (M,, = 120 GeV/c")
' Bdf attendu = 104:24
15 Candidats 104

50 100 150 ,
M, (GeV/c)
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COF : ZH -> llbb - 1fb!

°* Pour une meilleur discrimination signal/bdf: réseau de neurones a neuf
variables d'entrées et 2 sorties (L.1) Search for ZH-; I' bb
® Antitop
°> Anti Z+jets

CDF Il Preliminary J-Ldi =0.97-1.02 b

[
[=]

Data

N
3]

Standard Model Backgrounds

Number of Events

ZH = llbb X 100 (M,, = 120 GeV/c?)

Z+]
(0.0 _ |
P C | 1 e U ] | 11
> Distribution 2d des candidats utilisée pour o 02 04 05 08 1

Projection onto Z+jets vs ZH axis
Searcnror £ZA— 1’1 bb

le calcul de limite

” Search fOI" ZH—) I+I-bB %100__ CDF Il Preliminary J-Ld‘l =0.97-1.02 fb™
E E CDF Il Prelimi ILdt=ﬂQT-1 02 fb” :I-OJ : Da1a
2t A 8 a0 Standard Model Background
S - £ [ grounds
:Il 10°- Osenieatimt 2 mi ZH - libb X 100 (M,, = 120 GeV/c?)
g ; -=-- Expected Limit+ 1o :
o | 2ol
» E
10° -
F 20/
L o(ZH)xB(H->bb) <2.2 pb@®95% b e o
10 = 0 0.2 0.4 0.6 0.8 1
0'95/ G(SM) =272 Projection onto ZH vs TTBAR axis

II‘\\\\‘\\\\‘I\\\lll\llll\lll\\\|\\\\‘\\\\‘\II\ 11
S ! 110 115 120 125 130 135 140 145 150 15;
LSF - M, (GeV/e)  chming - Higgs results from Tevatron




Hautes masses
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H->WW?* -5 llvv — Signal et bdf

% 2leptons - 10 cev

Missing E; ~ 40 GeV

* petite masse di-leptons

w- {1 {T w:correlation de spin:

z
\I_

u

Zly +

* petit A¢ (I+,I-)

Jets faking MET

w LSPC 16/11/2006

g VI EW production

- W- —
q _\< VLWW
L-

q\ vi /’C+ Z entr

suivi de
~ / \ T—> vy
q T
JNL<|+
u v,
a ] Z/’Y - WZ
\<E +1 lepton non
L- détecté
w+ ~ I
u N |
_ Vv, Wijet
d —% Jet faking lepton
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H->WW* -> ee, ep, pp @ DO (950-930 pb!)

Preselection: Trigger, ID, leptons of opposite charge: p;' =15 GeV; p,? =10 GeV

(|
Preselection + data - data Invariant Mass at Preselection EWbb
| | o Preselection | i S 1 | mzz
o QcD fakes oi1p! Bz
1 QCD fakes Cww ki) Ot
4 COww COwW—v =
10 ER W ev 102 eN |E=r—e S’ o
— = 7 e - = CI"IE)IJI'IU
3 E it —ee C B wzizz % e Q
10 —— 160 GeV Higgs (x10) B —— 1650 Gev Higgs o1 @1 Ezbb
B 1] A0 Z >t

Ov1s
Oya2s
EZ —pp
+ Data
— H120
— H140
— H160
— H180
TS

10

102

10

-1 -1
10°7=20 40 60 80 100120140160180 °0 20 40 60 80 100120140160 180 80 100 120 140
Invariant Mass (GeV) Invariant Mass (GeV) M, | GeVieh2
Missing Transverse Energy > 20 GeV Cut (to suppress Ziy* - I'l background)
|_Preselection_| i;at—a)ee [_Preselection | i;afﬂ =;Vzbb
[ 102 [ QCD fakes 59_
104 1 QcCD fakes COww 3
i Cdww COwW—Hi &
ee [Cw—ev el"l’ O tt — ep o
10°%} [ zalrd 7 pp )
[ tt — ee 102 I wzizz S
—— 160 GeV Higgs (x —— 160 GeV Higgs (x10) u>]
102
= 10
1 -
1
10"
5 10"
10" 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Missing Et (GeV) Missing Et (GeV) MET / GeVic
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DG : H->WW* -> ee, ep, pp (950-930 pb-!)

[ Preselection | *_ ‘@ | Preselection | *_ = | Angle (up) at Preselection |
[ | s
[J oD fakes B 7t - f
103j Cww 105 E_ [_]QcD fakes b
E [COw—swn E Cww
: €=t > en - e |/=._.
i 7y 1D4g 7z Wz
N vzzz E P tt— e
102 —— 160 GeV Higgs (x10) = —— 150 GeV Higgs (x10)

10

10°

selections 2¢© ™ (g

0.5 1 1.5 2 25 3

A ¢ (e,e) (rad) ' ) T Ad(py)

HIGGS MASS 160 GEV (After Cuts 1-7 HIGGS MASS 160 GeV (After Cuts 1-7) I idata Angle () bafore Cut I
[ ] acD fakes m i :::
Elww B [ och fakes g
I:l W= | l:l wWWw o
- tt— ep l:l W ev _‘E
10 E I zz Wz g

E tt—ee w

C —— 160 Ge\/ Higgs (x1ﬂ|

= 10"

102

106°

0 05 1 15 2 25 3 10?7
0 05 1 15 2 25 3
A ¢ (e, ) (rad) A o(e.e) (rad)
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H->WW* Production (2)

CDF Run Il Preliminary, L = 360 pb” [ DY/Z5
CDF = All channel together L~360 pb! & o ngﬂv
> Dilepton Mass < 0.5 x m,, 8 B W2+ 77+
. . - - \ s . s q: - -HWW16O
* Fit A¢ (I'l') distribution to derive limit S —10x HWW
DY o A —e— ——data
c
°> 3 separate analysis. L~950 pb! g o3
> Ad(l+,1-)<2.0 o
I
WW  |W+jet/y|Z/y top WZ/ZZ QCD  total |Data
DDee [70:02 |14:06 |0:0 11:01  |08:01 [006:002 10.3:06/ 10 0 °-5d_| t1n _1:; h |2 rz-f_ i A'fb
Ddeu [16.4:01 [53:15 |002:001 [21:01 |0.6:01 [01:005 [24.4+15| 18 iepton azimuthal separation, A%y
DD up |6.6:01 [10:04 |06:04 [05:01 |05:01 [06:06 [9.8+0.8 9 - .
CDF I+l-lo8:10 J11:01  |08:02 [0.35:003 |040:005 13:07 [13.8¢13] 16 | g F i?fﬂ Hunll/l;:;lgllmlﬁary,*vfmpb
pour m, =160 GeV : g /;7;//?’////// o5 L. L'":éﬁ i
. - - ’/’/’7{’///// /2//;/ — Ob‘;ee(r:ved
CDF : - w e
GXB(H‘>WW) <3.2 pb @95% g g 7772 o
é 1 a .g 4th Generation Model
b 101: L% m
- andara voae
oxB(H->WW) <1.7 pb ®95% - T
- 100 120 140 160 180 200
G9S/G(SM) =6 Higgs mass (GeV)

w LSPC 16/11/2006

Boris Tuchming - Higgs results from Tevatron

36 Gy



Combinaison
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Combinaison des différents canaux

* lere combinaison entre CDF et DO : été 2006.
Tevatron Higgs and New Phenomena Working Group

*  Méthode statistique
> DO méthode «ClLs» (comme aulEP) = fréquentiste « modifée »
°> CDF méthode Bayesienne
> Les deux méthodes donnent des résultats similaires a 10% pres
> Les corrélations sur le signal et les bdf sont prises en comptes
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Sytématiques a CDF

TABLE V: The breakdown of systematic uncertainties for each individual CDF analysis. All positive-signed uncertainties
within a group are considered 100% correlated across channels. Values with negative signs are considered uncorrelated.

Source WH — fvbb ST WH — fvbb DT ZH — bbb ST ZH — bbb DT ZH — éibh H — WTW ™
Luminosity (%) 6.0 6.0 6.0 .0 6.0 6.0
b-Tag Scale Factor (%) 5.3 16.0 8.0 16.0 8.0 n/a
Lepton Identification (%) 2.0 2.0 2.0 2.0 1.4 3.0

Jet Energy Scale (%) 3.0 3.0 6.0 (L0-2000) (1.6-20.0) 1.0
[{S)R+FPDF (%) 4.0 10.0 4.0 5.0 2.0 5.0
Trigger (%) 0.0 0.0 3.0 3.0 0.0 0.0

Z + h.f. Shape (%) n/a n/a n/s n/a -20 n/a
Backgrounds

W/Z+HF(I) (%) 33.0 34.0 12.0 12.0 40.0 n/a
W+HF(II) (%) ( 0 -10.0 -42.0 () n/a
Z+HF(1T) (%) 0 0 -6.00 -19.0 0 n/a
Mistag (%) 22.0 15.0 17.0 17.0 17.0 n/a
Top I (%) 13.5 20.0 12.0 12.0 20.0 n/a
Top I (%) n/a n/a -2.0 -3.0 n/a n/a
QCD (%) 17.0 20.0 -10.0 -44.0 -50.0 n/a
Diboson I (%) 16.0 25.0 12.0 12.0 20.0 11.0
Diboson T (%) n/a n/a -5.0 -10.0 n/a n/a
Others (%) n/a n/a n/a n/a n/a -(12.0-158.0)
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Sytématiques & DO

Source

W H — evbb DT(ST)

WH — pwbb DT(ST)

H—-W™W~ WH - WW™W~

Luminosity (%) 6. 6.0 6.0
Jet Energy Scale (%) 4.0 5.0 3.0
Jet ID (%) 6.8 6.8 0
Electron 1D (%) 6.6 (0 2.3
Muon ID (%) 0 4.9 7.7
b-Jet Tagmng (%) 8.5(5.0) 8.5(5.0) 0
Eél.cl-;grr_mnrl a (%) 6.0-19.0 6.0-19.0 6.0-19.0
Source ZH — visbh DT(ST) ZH —ete”bb ZH — utu bb
Luminosity (%) 6.5 6.5 6.5
Jet Energy Scale (%) 6.0 7.0 2.0
Jet 1D (%) | 7.0 5.0
Electron 1D (%) 1] 8.0 0
Muon ID (%) 0 0 12.0
b-Jet Tagmng (%) 0.6(6.7) 12.0 22.0
Background o (%) 6.0-19.0 6.0-19.0 6.0-19.0
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Combined Higgs boson Search @ CDF

CDF Il Preliminary

2 103 S | e WH-Ivbb: 1 fb-L ;
L e Expected WH->lvbb -
,@_ } e ZH->vvbb: L fb-1 i
-~ - samans Expected ZH->vvbb n
* i «w FH==1bb: 1 fb-1
g Expected ZH->Ilbb i
WH (IV bb) .g 02 H->WW-=llvv: 0.4 fb-1L
<+ Expected H->WW->llvv -
ZH (vv bb) -1 s CDF combined: 0.4-1 fb-L
S . S TPTTT Expected CDF + 1o
q -
HOWW >~ 120 GeV E
& 10¢ E
Form, = 115 GeV, the -
959%CL Limit/SM is _ i
9 (expected) R i )
13 (observed)

i | N I | | " | | |
120 140 160 180 200
e Higgs Mass (GeV/c')
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Combined Higgs boson Search @ D@

DO Run II Preliminary

s 10° _
- - % "'.,.. E_}’;‘-&_@-&fwl
luminosity 260-390 pb! E N
WH (un) ST,DT . . L
WH (1) ST DT - O7F e e e
ZH (vv) ST,DT < ‘ ﬂ R g
+|- Iﬁ_:”";""’ ’
ZH (I'F) DT S e e
WWW (ee,ep,pp) 10
- DO combined
WW (eeep,uu) -2 1fb-1 lmc_‘;é‘;li.l
N OO combined
with H—WW: 930-950 pb™"
L gy 27, 2005
| ETI:TE'III:II'I!I
With low statistics (0.3 fb"), the 110 130 140 150 160 170 180 190
cross-section factors my (GeV)

Data/SM =~ 15 at 115 GeV

With hias s:atigst?ct:: ?,? fct;)e1;l Based on our first experiences with Data, can
g h cdf+d@ reach exclusion for a 115 GeV Higgs

Data/SM =~ 5 at 160 GeV with 2 fb! of data, as early simulation studies

were expecting ?
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Tevatron SM Higgs Combination

UE: 4“ :‘ .............................. Tevatrnn Run II PrEIiminary
All CDF and D@ = 350 -1
cesutsmow | E UL | e DZero Expected Ldt=0.3-1.0 fb :
combined for the | - oM e
first time & o 30 Q CDF Expacted H

. | n_'g i Tevatron Expected g

D 25 HE === Tevatron Observed
m, Limit/SM . =
(GeV) Exp. Obs.

115 7.6 10.4
130 10.1 10.6
160 5.0 3.9
180 7.5 5.8

oot R S | | L1 1 1 | L1 1 1 | | I T | | | I | | L1 1 1 | | I | | | I T | | L1 1 1
P00 110 120 130 140 150 160 170 180 190 200
my, (GeV/c?)

Note: the combined result is essentially equivalent to one experiment with 1.3 fb*, since
both experiments have “"complementary” statistics at low and high mass

= we are indeed already close to the sensitivity required

xcl r “evidence” the higgs at the Tevatron
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Expected improvment at DO

New b-tagging tool at D@ (bh) e Jet energy resolution (recalibration + track-
* Combines various variables from the track Jet algorithm)
based b-tagging tools in a Neural Network, ilél;’r::ct*exp:cted energy deposition in cal
- : e track mormentum
trained on Monte Carlo Add the energy of out-of-cone tracks
* Per‘forma‘nce‘measured on df“’“ Improve the jet energy resolution by ~20%
e Substantial improvement in per‘for‘mance e Use imppoved calorimeter calibration
over constituent input b-taggers Z-> bb to calibrate b-jet response
* Increase of 33% in efficiency for a fixed
fake rate of 0.5 % * Ll-cal Trigger (D9 Upgrade)
° — Important for difficult channels < efficiency
improvement (ZH-vvbb, hbb)
v e Addition of SMT Layer O (D@ Upgrade)

<

(=]
[3%]
L

track

— Keep performance if degradation of Layer 1
due to radiation damage

=< further b-tag improvement (~15%)
T < improvement on Higgs sensitivity

5 1 15 2 25 3 35 4 45

[32]
o

T
e

- Tagger
. WDk T | - rel=27om > reLo= 16 en
q, 051 “QCDBE | 3 | LILP < better impact parameter
Tl 570 e resolution
ut; ol = /% » B . e
g 5 4 redundancy fm pﬁﬁ:r‘n Tecongnmon duce fak
3 ! ‘ 7 or higher luminosity reduce fake
F4
2
:

aof

: ’J\'L\\H "
Ll e rs et 1 7\.

\l\
-0.2 0 02 04 06 08 1 1.2 0
NN Output Fake Rate (%)

=
iy
I

0
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CDF: Expected Improvements

Increase acceptance il _
inclusion of forward rmuons 1: % e 5
improved tracking and b-tagging in the, o '}*@%‘&% #BI; '}%# MW + -

forward region 5T %

Add additional channels: 2 b || oL
in the WH and WW analyses tau-leptons haveg | ;

not been used. S o4l ]
§ i . New Tracking +
Improve jet resolution Toaf |, Defaditrackig ool -
0- IJIu'ii | Ll | 3.l
Improve analysis techniques 2 1 0 1 2

Neural Networks, better optimisation

Recent experience:
in B, mixing analysis a factor 4 in sensitiviy HOW does these CDF

was achieved just by improving analysis and D@ improvements
Techniques translate in sensitivity?
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Sensitivity Prospects extrapolated from 0.3 fb! DO results

Will 6 times more lumi take our x-section factors at 115/160 GeV of ~15/9
down to 1?? Maybe.. with analyses improvements under work in CDF and D@
= Close !

Ingredients (D) Equiv Lumi  Xsec Factor |[Xsec Factor

gain (@115) m,=115GeV |m,= 160 GeV

Today with ~330 pb! - 15 o
Lumi = 2.0 fb-1 6.0 6.1 3.7
NN b-Tagger/LO 3.0 3.5
NN analysis selections 1.7 2.7 2.8
Dijet-mass resolution 1.5 2.2
Increased Acceptance 1.2 2.0 2.5
New channels 1.2 1.9 2.1
Reduced Systematics 1.2 1.7

Combine D@ and CDF 2.0 1.2 15 O

(assuming similar improvements

at D@ and CDF) =>At 115 GeV =>At 160 GeV
needs ~3 fb! needs ~5 fb1

= 95% CL exclusion for m,= 115-185 GeV with 8 fb!




Beyond Standard Model
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SUSY Higgs at large tan(B)

°* InMSSM 2 Higgs doublets
° tanp= v2/vl ratio of vev's
* 5 Higgs : 3 neutral (h,H,A) and 2 charged (H' H")

> At large tan(B) : 2 neutral ~degenerated in mass with coupling ~tan(p)

° cross-section enhanced by tan’f wrt SM
> decays to bb (90%) or vt (~10%)

b 30 b X
b \ / 310 2
b tanp b & e i
10 CTEQSM
. tanpB=50

channels: 1 h it
bBbB 10"

channel:
T

— gg,qq —> Abb

——— =2
+ 10 . _ hbb
bbtt Shmb
10> — Hg,,bb
-4
10
10~
80 100 120 140 160 180 200

' M, (GeV)
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D@: SUSY Higgs at large tan(B) (hb and hbb)

* InMSSM 5 Higgs : 3 neutral (h,H,A) and 2 charged (H' H)
> At large tan(B) : 2 neutral almost degenerated in mass with coupling ~tan(p)
* Enhanced production (c~tan?p ) of Higgs's associated wnth b-quarks

> Selection:
> 3 or more jets. (E.>45, 35, 15 GeV for m,=100 GeV)
° At least 3 b-tagged jets <

> Efficiencies and background estimated from data

Leading jets invariant mass

L=260 pb'! PRL 95, 151801 (2005)

[ DO 100 | MSSM Higgs bosons DO
> 60 bt 9 bbo(— bb), ¢ = h, H, A
e . Data 80~ Y
o | —  Total bkgd. ok B ks — __—
T 40} -.-m,= 120 GeV ?T-: - '_g, o =260 pb!
"2 ! = 401 % No mixing
L 20 [ X | Max. mixing
o r 20 W

S A sl L LIS,

- ] -.--'r L -.-'7".-ﬂ--.. i B L {
0 100 200 300 400 500 80 100 120 140
m, (GeV)

Di-jet mass (GeV)
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D@: SUSY Higgs at large tan(B) hbb update summer 06

* L=900 fb?!
°* b-tagging avec réseau de neurones

D@ Run II Preliminary
800: : : : 5 :

L

600 fp by
S00F - H

;| —— data

bckg from data
signal

JPYCEN N R

D@ Run II Preliminary

oo T
2000
00p @ P

SR NS ol T S DT T . P S AP A
160 00 50 100 150 200 250 300 350 400 450 500
— Observed m01 (GeV)

— Expected

~mt/mb

FTT [T T T ] RET]TTTT [T TT T TTTTT]TTI
| | | | | [ [ I

s b v b v b e v b e b e by
{'00 110 120 130 140 150 160 170
mA (GeV)

bckg from data+signal

' Limites tan B ~50 proche de la
zone SUSY intéressante: tanf
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MSSM ¢°->1t at large tan(B)

* Select tgthad. Tuthad. and (at DO) te1,, events

* Partially reconstruct Higgs via

CDF Run Il Preliminary, 310 pb-1 > 102 E T T T T | T T T T | T T T T | T T T T | T T T T

"""""""""""""" Q r -1 e Data .

¢ Data o [ DO 325pb .

a0y {iHiggs—sr (ates% CL) o [ 1T, Selection [ ] &> (150 GEV):

[ ZH#—1r r Bz
¢ Ettw. Zysee 0 100 [ ]aco E
10f L Ly Il jetot fake 1 E BV, Zoee,pp ]
1 - m, = 140 GeV/c? = I Di-boson
11 10— 1 1 ®
0.1} T
g 107 L

0 50 100 150 200 250
m_ . (GeVlc?)

0 50 100 150 200 250

M,;, [GeV]

vis
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¢°—>7t results (comb. w/ bb)

40

30 D@ 260-325 pb' ... pg 17 u>0
20 CDF 310 pb™ CDF 11 <0
10 CDF 17 u>0

0 0
80 100 120 140 160 180 200 80 100 120 140 160 180 200
M, [GeV. M, [GeV]

Includes bbb(b) searches
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Higgs: MSSM Sensitivities

MSSM Higgs bosons

bbo(— bb), o = h, H, A 100
100k ; 90
80 ] No mixing 80
[—] Max. mixing 70
.60 1 1b— » 60
= 1o s 50
+ 40 +4 b~ * a0

8fb~
20 CDF 30
- & 20
[ vl DA 10
80 G V Eac_h, 0

m, (GeV) Combined 100 120 140 160 180 200 220 240

m, (GeV/c?)

Tevatron will have sensitivity to MSSM
higgs for all tan>30 and M,<200 GeV/c?
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Charged Higgs in top decay

> Two Higgs doublet model predict charged Higgs e
° eg MSSM e 4 v, 3
*> Couplings to fermions: function of tanB= v2/vl . ’
,

> Possible decays in MSSM: o
° H* -»v, cs, "W W' h°>->W'bb Br depend upon tanp

> excess/deficit wrt to expectations in lepton+jets, di-lepton, t+jets,
single/double b-tag channels

CDF: PRL 96,042003 BR Independent Results 2CDF Runll y
¢ H'b search cDF Run I Excluded 95 %CL _m,= 175 GeV/c’ [L dt = 193 pb
Excluded 95 %CL m,= 175 GeV/c? [Ldt=193pb’ %0 — Expoctod
16[]% 160 C
/ — SM Expected 150:_ B sM+ 10 Expected
140 ‘ E=] sM 10 Expected a _14“ 1405 . CDF Run Il Excluded
T z E 3 [ CDF Run Il Excluded s 3 1 -
-9.12(]%-5 E [[7] LEP Excluded 5 E :120 & 130
P g53 P
©1007 £ £ ££1100 & 120
w N\ & 110
£ 80 P —80 -
¥ LEP (ALEPH, DELPHI, L3 and OPAL) | 100
60— Assuming H'>tv or H— €8 only —60 -
B 111 I 1 1 1 L1 11 II 1 1 L1 1 111 I 1 ] 90__
10" 10 10° C
tan(f) 80 m,,=70 GeV/c?
M5, =1000 GeVic?, u=-200 GeVic?, A,=A,=pitan(f), A.=500 GeVic? 6 — '0{2' ' '0{4' ' '0{5' ' |0{8 — 4||
M,=0.498"M,, M,=200 GeV/c?, M,;=800 GeVic’, M =M, =M =M =M_=M,,., BR(t—> Hb)
example of MSSM benchmark scenario model independent limit
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CDF, D@: Doubly charged Higgs

> H"/H- decaying to two leptons are predicted
> in model with L R symmetry

-

> models with Higgs triplet > T
> Selection
> one pair of same charged leptons, isolated . * " |
2 High pT ) ] o )
> With invariant mass M++~ M ++ . o

> Dominant Backgrounds :

> WZ
" W+je’rs E - Background to same-sign pp
> QCD with leptons ( Heavy Flavour) 2 [CDF 5 dets
> Drell Yan with photon conversion for ee qu N W dets
CDF M >80 GeV DP :
240 pb 106 pb! 5
Bkg Data Bkg Data
ee 1.8:0.8 0 10" N\ _
pp | 0.8:06 0 |15:04 3 t ™ Mass (GeV).
e 0.9:04 0
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CDF, D@: Doubly charged Higgs (2)
*  95% CL limit in (L ,R) symmetric models

CDF Run 2 Preliminary

e
=~ I OPAL
Mass CDF DD = T Excluded
Limit 240 pb* 106 pb-! 310 e (ce)
O r
HL++ HR++ HL++ HR-H- : —— -/—
ee | 135 | ~102-113 w8 g oo
r -
pp 135 113 116 95 -8 S
L L E
elpl 115 10-35_ q_tl m
= o u
- On O
A a
10 5 " 00 120 120 180 780

H™ Mass (GeV)
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Conclusions

Higgs standard
> Tous les canaux (sauf ts) ont €té analisés avec ~ 1fb™
> Les outils de combinaison CDF DO sont en place

> Optimisations et améliorations
° Certaines deja obtenues (NN, NN b-tagging, combinaisons ST- DT)
> En cours et futures (résolution en énergie, NN, acceptance a grand 1)
> La recherche de Higgs est difficile mais si tous se passe bien, le
Tevatron devrait explorer un domaine de masse intéressant pour
I'exclusion et peut-&tre avoir une premiere évidence............

> Un scénario probable:
° Les premiers résultats LHC seront combinés avec ceux du Tevatron

MSSM

°> Une zone intéressante des grands tan(B) (50-30) commence & étre
explorer
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Support slides
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Tau Identification at DO

Tau = narrow isolated jet with low track and n° multiplicity
- Tau candidates are divided into 3 types:
- Type 1: one track, calorimeter cluster without EM subcluster
- Type 2: one track, calorimeter cluster with EM subclusters
- Type 3: 2 or 3 tracks consistent with tau mass, calorimeter cluster
Tau identification is based on Neural Network

HA
Non-linear correlations between variables /
are taken into account Track
Discriminating variables: Profile, Isolation, ...
Used for cross section measurement Z->1t (Typel) (2) (QCD-Jet)
(PRD 71, 072004 (2005))
| tautw_JM isolation DTau Simulation [ D DTauSimulation

£ 240
3 Z 900

= QCD

220 = QCD
200
180
160
140
120
100

80

60

800

Tau Monte Carlo 700

BGND (from data) »

| T T N T | 11 ul P S
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0'3,.,1',,1 uu:"Lm

Tau Monte Carlo
BGND (from data)

IR | | _Ln__l_\/—ﬂl\/ﬂ
0.7

0.1 0.2 0.3 0.4 0.5

0.6 . 0.8 0.9 1
Isolation NN outptit

500

400
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Identifying bb resonances : DO

> Z->bb
> H->bb benchmark
> Can be used to determine b-jet energy scale

> New DO analysis finds evidence for Z->bb in dijet data
@ Background derived from data
@ 1168 Events in peak (300 pb)
@ M,=81.01 2.2 6eV measured
® 83 + 2 6eV expected (from MC)

70000 F
: 91’ Emrll;issmsgag?m 300 D@ Run Il Preliminary
o -
60000 | 1-tag sample 250 | Integral 1168 events
50000 ELL 200 | x/ ndf 9.75/9
N f Constant 226.3 = 42.2
: _— Background from TRF 150
40000 | - Mean  81.02x2.23
; FLL-I'"” 100 % Sigma  10.73 + 2.09
; 50 % ‘jf
30000 :_ 0E | @ %] J\({)z]\ él) Al A O oo l-WX SIS,
: bb MC (pT>40 GeV) T T T et Teg T e e
20000 | p sl %} ¢ oo @
-100 | ‘lf
10000 U
p - 50 100 150 200 250 300
0 i “eeen SRS SIS AR e n e e e e T Mg, (GB.‘J‘}

100 150 200 250 300 350
m,, (GeV)

50
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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:

N Nhins
L(R, 7, b|7) H H pil e Sy

e Combined Posterior Density Function:
p(R|7) = fdgf dbL (R, &, b|ii) x Statffdﬁfd.ﬁ‘f ABL({ R, & B|71) % Spor

D@ uses the CLs (LEP) Method
the CL, confidence interval is a normalization of CL_, ,

CL.,, = signal + bkgd hypothesis, CL, = bkgd only hypothesis
CL, =CL,./ CL,,, & 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)4/e®b?) s,b,d=sig.,bkd,data)

Tevatron Higgs combination is done with both methods
they give results compatible within 10%.
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Monthly efficiency DO - CDF

through May 31 2004

D0 & CDF Data Taking Efficiency

100% |

H DO (from April 19th 2002)
89% 88%  89%

9 0O CDF (from February 9th 2002) 5 7% 5
5% g3, 11 s5% [T Ros5% 6 5gy,
| p28282%,. 051, (8 1% 82% 809

1°9

80%

80% ]

o 7% 76% 250l [[77 i
] 73% - 74% 739, 2
= 70%
70% i o B
64% -

79%

61% 61%
60% 1 —{ {5757

57%

50% {1

41%
40% '

Efficiency

39%

9%

30% |

20% | |

10% +—

0 % T T — - _ _ — — — — _ — _ _ — — — — o T T — — o _ o o
Feb-02 Apr-02 Jun-02 Aug-02 Oct-02 Dec-02 Feb-03 Apr-03 Jun-03 Aug-03 Oct-03 Dec-03 Feb-04 Apr-04
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Higgs prospects vs luminosity prospects

1o Infegrated luminosity at end of each FY

Design Base
g 4| Fiscal .
Year (™ (fb™h
81 [FYO3 0.33 0.33
—~ FY04 0.64 0.56
= 7
= FY05 1.2 0.93
2 ¢4 |FY06 27 1.4
E FY07 4.4 22
§ 51 |FYos 6.4 33
= FY09 8.5 1.4
47
£ 31

85 fp-1 ° Design projection = challenging
> 8.5 fb'by end of 2009

> Base projection= conservative

4 4 fbl > schedule slippage
Base Projection a under_performonce

44 fb! by end of 2009

Design Projection

o f L 1 Tevatron Higgs Sensitivity Study 2003
Start of Fiscal Year .I-“'_“' wﬂ_‘l Woiksh .
2009 8.5 fb! & e oy -
\ Q. i -Higgs-Sensitivity-Study ('03) .
2009 4-4 fb o Eiatlstlcal:pawnr only :
5 |___{rio systamatlcs) _ - i

> Base projection

Range 115-130 covered for exclusio
3 evidence up to ~125 GeV.

> Design projection

3o evidence up to 130 GeV
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luminosité

Integrated Luminosity

Pour 2005-2006 ™ICv 2006 objectif 2005-2006

*  Objectif « design » non tenu , =(0Ct 2005-0ct 2006 "design”—a

N _ 5 "base”
° dus a des mini-shutdown 3
plutot qu'a des problémes de & o
3

performance

° la luminosité instantanée &
excede le design a0

] 25 50 75 o0 125 1500 1¥s 200 225 250 275 300 325 350 375
Days since October 1

® Fiscal Year 06 ® Fiscal Year 05 4 Fiscal Year 04 # Fiscal Year 03 = Fiscal Year 02 — Design
— Base

lauw

™ FY 2007
2006-2007 0|6t 2006- oct 2007 /
= jectif 2006-2007

200
700 1

année charniére
« design» 1800 pb
« base » 800 pb™ 500

200

100
0

Integrated Luminosity (1/pb)

] 25 50 75 b0 125 150 1¥s 200 225 250 275 300 325 350 375
Days since October 1

w ® Fiscal Year 07 # Fiscal Year 06 4 Fiscal Year 05 # Fiscal Year 04 = Fiscal Year 03
: ¥ Fiscal Year 02 — Design — Base
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Tevatron Luminosité prospect en 2004

10 -
Luminosity Fer Year
g - A0maShr | Z25mashr | 20ma&Shr | 15mAShr
Fiscal Year| o) (o1 (b (b
5 %03 33 [.33 0.33 033
04 .24 .34 0 2 0 34
=05 [1.F1 M AN NS ANl
T FYOE .87 070 0e7 0a3a
TE-% FYOT G 1.2%5 WR2ES 074
= B4 FY08 1.85 1,52 103 0732
”E“ Y9 2.14 1.20 1.24 il
E g5
3
—_
I
B4
n
£
=] Recycler Only
Operations
2 | p o
-'] .
I:I | 1 1 T T
Lr2ans e T AZ005 104106 102107 1042008
Ciate

1043709
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Tevatron luminesity upgrades ( 2003)

60
Phase 5 Phase 6
Phase 4 (Tevatron upgrades (No upgrade-related studies)
~ 307 (Stacktail upgrade) complete) Design Projection
= Phase 3 o K4
=4 & e e
3 40 - (Recycler & ¥ ; ;
i Electron Cooling) /"" $ ; ;
a N N . .
> . .
Z i Phase 2 . . ’ ’ Iy
2 % (Slip Stacking) . * . Base Projection
Sl e
3 Phase 1 NN ’ § : :
B 207 (FY04) S : : : :
m 0‘ * *
CTNS —
i g .
=i . .
10 A 3/————./ ..0:: :
O o oo <oty caneese oo, e onne
9/29/03 9/29/04 9/30/05 10/1/06 10/2/07 10/2/08 10/3/09
Start of Fiscal Year
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Jet Energy Scale

Energy measured in calorimeter is not parton energy:
> Limited cone size -> out of cone particles showering
> Different response for hadron/photon
® Uninstrumented regions

> Detector occupancy from
®> Noise
> Pile-up from previous events
> Extra interaction in same bunch crossing (typically ~2)

Calibrated using: y+jet events, Z+jet events, single
particles response, MC..

calorimeter jet

I

I
I
0

- TT [ T T T [ T T T [T T T [T T T[T T T [T T T [T T T[T T T [T T 1] : l
:E‘ £, Systematic uncertainties. Cone 0.4 7 @4 * B
8 .08 Quadratic sum of all contributions | /
E :“‘--,' = = === Absolute jel energy scale ] q underuinese
g .06 - "‘..‘ = === Out-of-Cone + Splash-out ] p SR ; p
= C . Relative - 0.2<[n<0.6 J ——
:g 0.04 - ’.""« coeen Underlying Event T
o [ S ]
£ o N " - w
2 002 e mrm et o =
n -
> I -
E 0 H:::::::::::::::::::::::::::IZZZZZZZZZZZZZZZIZ::: i
[} e - . . O
S .02 e m e e IS JES systematics, typlca"y ~2-4%
u +
£ 004

I"'L,IIII|III|II"F{

-0.06 —
-0.08 —
_0_ 1 11 | 1 1 | | 1 1 1 | 1 1 1 | 1 11 | 1 1 1 | 11 1 | 1 11 | 1 1 1 | 11 1 :
E 20 40 60 80 100 120 140 160 180 200

Corrected jet P; (GeV) s results from Tevatron




Mécanisme de Higgs dans le MS

Champ de Higgs =doublet sous SU(2)
Potentiel associé invariant sous SU(2)xU(1) b = ( ¢ ]

V(@)= -4 +A¢ 9y ! gp—

Brisure spontanée de la symétrie pour atteindfe /7

un minimum du potentiel 71

- <¢>=v/\2 valeur dans le vide du champ

- v=246 GeV o

- Les bosons de jauge acquierent une masse

4 degrés
de liberté

&,

(polarisation longitudinale) via l'interaction avec le 3 degrés
vide : 2 de liberté
= My, M= gV h
W ra 9 ————— ""gmz
- La masse du boson de Higgs est donnée pcﬁ 1 degré de
l'autocouplage A : liberts
- m,=2\Av ¢ 'est le paramétre inconnu
- Le mécanisme de Higgs permet aussi de donner un\f
masse aux fermions via les couplages de Yukawa - -__. Y.~ g m/m,
(inconnus) :
- mfﬁyf\l f
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Mécanisme de Higgs dans le MSSM
—Impose par la supersyméeirie
» 2 doublets de Higgs H,, H,
*H, se couple aux fermions down et H, aux fermions up

‘Les couplages quartiques du potentiel sont les couplages de jouge (9.9')

—Consgquences

*8 degrés de liberté 8=5+3
5 bosons de Higgs 3 masses pour
h, H (CP=1) ,A (CP=-1), H'H- W, Wet Z

2 valeurs dans le vide v, v, : tanf= v,/v,
*Au premier ordre, 2 parametres caractérisent le secteur X : tanf, m,

‘Les états CP=1 sont un mélange de H, et H, : angle de mélange o
‘Les couplages aux bosons/fermions dépendent des angles : o et B

—ex : couplage hZZ~ sin(p-o,) couplage hAZ ~sin(B—-o) =1
*Relations entre la masse des Higgs et la masse des bosons de jauge

—au ler ordre My < m3| o8 2ﬁ| < Mg mEHi = m?,_l + m%;
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Low Mass Higgs Search at DG

e W(>e/u+v)H(=>bb): 6xBR = 0.015 pb

o Z(>ee/pu)H(=>bb): oxBR = 0.003 pb
o Z(=>vv)H(=>bb): 6xBR = 0.015 pb

for 261-389 pb!
W(->ev)H
W(=>uv)H
Z(~>ee)H
Z(~pp)H
Z(~>vv)H

W(->v)H miss lep.

eff
3.4%
1.7%
45%
5.9%
5.2%
42%

S
0.18
0.10
0.05
0.05
0.21
0.15

B
4.7
4.0
1.4
3.1
9.0
9.0

S/sqrt(B)
0.08
0.05
0.04
0.03
0.07
0.05



