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e Le TeVatron, CDF & D@

* Recherche du boson de Higgs du
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Les bosons de Higgs du Modele
Standard Supersymeétrique Minimal
(MSSM)
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The TeVatron

Collider Run Il Integrated Luminosity

50.00 2800.00
45.00
240000
‘8 4000 rimnlla datraceot | -
! rariria vudataocti I K-
3500 200000 %
3
e 160000 E
2500 3
o
[
-~ 4 12000 £
o
I lII‘ ‘3
- il e
10.00 frize s “ ! é
P | TN Gk
| e L, LY

5 20 35 S0 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 290 305
Week #
(Week 1 starts 03/105/01)

| . eekly Integrated Luminosity —e— Run Integrated Lurmi nosin,rl

) Efficacité de collection: 85-90%
N ey Analysées 1.2 fb?
#&" Enregistrées : 2.2 fb?!

Record de lumi instantanée
285E30 cm2/s1(02/2007)
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D® and CDF detectors

Forward Mini-drift

Forward Scintillator

Central Scintillator

New Solenoid, Tracking Sysfem
Si, SciFi,Preshowers

SVXII + ISL a = I

coT — B —
Muon chambers/scintillators + New Electronics, Trig, DAQ ‘
B TN\ A A B

Détecteurs généralistes

- détecteurs silicium au centre
- central tracker

- Calorimetres (EM/ HAD)

- Systeme a muon

F. Couderc, Higgs @ TeVatron



Le boson de Higgs du
Modele Standard
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@ Fin du dernier millénaire, triomphe de la
Théorie électrofaible et de SU(2)xU(1)

@ MAIS, terme de masse non invariant de jauge
= Particules sans masse!

Mécanisme de Higgs: ajouté un champ scalaire
(doublet de SU(2)) avec le bon potentiel

- symétrie de jauge se brise

- bosons de jauges — massiques
- couplages de Yukawa @
— fermions massiques

F. Couderc, Higgs @ TeVatron

Mécanisme de Higgs

Measurement Fit  |O™_QM|/gmeas
] 2

m,[GeV] 91.1875+0.0021 91.1875
I,[GeV]  24952+0.0023 2.4957
ov bl 41.540£0.037  41.477

R 20.767+0.025  20.744
A 0.01714 £0.00095 0.01645
A(P) 0.1465+0.0032  0.1481
R, 0.21629 + 0.00066 0.21586
R, 0.1721+£0.0030  0.1722
A%’ 0.0992+0.0016  0.1038
A%° 0.0707 £0.0035  0.0742
A, 0.923 £ 0.020 0.935
A 0.670 £ 0.027 0.668

C

A(SLD)  0.1513£0.0021  0.1481
sin65P'(Q,) 0.2324£0.0012  0.2314
my [GeV]  80.398+0.025  80.374
Iy, [GeVl  2.140£0.060 2.091
m, [GeV] 170.9£1.8 171.3

relicat: le boson de Higgs,

mais m, non predit




Contraintes directes

Recherche directe du boson ot 7
de Higgs a LEP
Ve 50 B A 1 T [ ‘ 1T ‘ T ]
S z
o 40 LEP -
o B ]
Va0 -
: M, > 114.4 GeV @ 95%
20 -
10 |- NQ 7 - LEP  5-200209 Gev Tight
B % - -~ Data
0 L C-D 6 - |:| Background
- . 2 s b I Signal (115 GeV/c?)
-10 :‘ P 4 é 4 }Data ?: >1094Ge‘7/C2
- — Observed ] = - Backgd 14 1.2
0 - T Expected for backgrornd B 3 [ISignal | 2.9 22
) oo Expected for signal plus background 1 s [ .t
- : | ‘ [ ‘ L 1| | [ ‘ V'.'\ | ‘ [ ‘ [ l L1 : i
30 106 108 110 112 114 116 118 120 ! + +i~»—ﬁ—' Li%‘

2 0 0 20 40 60 80 16 120
m;,(GeV/c') myrec (GeV/c?)
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Contraintes indirectes

Top-Quark Mass [GeV]

0150 Nouveaux résultats au Tevatron
172.0+ 2.4 Masses du top ET du W (CDF)

170.9+1.8 / ~ N
x*/DoF:9.2/10 Gﬂ

WY WY
1726 © 132
AM, o log(M,,) \ W )

CDF

DY

LEP1/SLD
11.7
LEP1/SLD/m,, /T, 178.9 " 4
140 160 180 200 ' ' ' ' !
m, [GeV] { —LEP1 and SLD
) ] f 80.54 - LEP2 and Tevatron (prel.)
Combinaisons Mars 2007 e L

CDF Run | ® % ]
80433 + 79 B

D@ Run | d — 80.4 -
80483 + 84

DELPHI — = 1
80336 + 67 —

L3 ——
80270 + 55 |

OPAL 80416 + 53 80.3 -

ALEPH |
80440 + 51

CDF Run Il (prel.) —— - . . . :
SR 150 175 200

N m, [GeV]

80100 80200 80300 80400 ) 80500 80600
W Boson Mass (MeV/c")



m . =144 GaV

— 0.02758x0.00035

(5]
"mhad .

0.02742£0.00012

4 - === incl. low Q° data -
o< 2 i
X 3

2 T ~i

1 Il .t I

; | Excluded . 2 Preliminary

30 100
m, [GeV]
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300

Fit Global

LEP EWG: WinterQ7

M. =76, GeV/c?

H

Upper limits @ 95 % CL

No direct search
M, <144 GeV/c?

Including LEP
M, < 182 GeV/c’



Stratégie de recherche

= — 9 10f roduction:
5 = ww : =k Production]
E | C i
= ke gg—H
o o
= 0.1F b E
vi s
E LLl
o
5ol 2
10-2 . E
b e
=
=
=
LLl
100 se a0 1e0 TR0 100 120 140 160 180 200

my (GeV/c?)

my (GeV/c?)
= Higgs de basse masse (m, < 135 GeV/c?)

Au Tevatron, seule chance H—bb. Mais trop de bruit de fond QCD pour production
inclusive = production associée WH, ZH (etiquetage avec leptons de haut p.)

< Higgs de haute masse (m, > 135 GeV/c?)
H—WW’" grand taux d'embranchement, “seulement” bruits de fond électrofaibles (di-
boson): recherche de gg — H(X)
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Etats finaux étudiés

k WH—-1vbb

/Production associée: basses masses, 3 états finals

ZH—-Vvvbb

ZH—11bb

-

Gluon Fusion Production:
hautes masses,
utile aussi a basses masses

H-oWW*—lvly

\_
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w Un outil indispensable

|dentitier les jets de b

Hadrons b: grands temps de vie + lourd
- vertex secondaires CDF:
- traces a grand parametre d'impact '

. - vertex secondaires puis NN
- masse du jet

Jet © efficacité (b): 40/ 50 %

L. . " o
Displaced tracks 'Y ReJECUOn (J) :0.5/1.5%

Decay lifetime ]
Ly, , -, wroecenggpy vertex - informations cinématiques
Primary vertex - combinées dans un NN
/
d \\ / . - Ve
" do” v $ efficacité (b): 50/ 70 %

% Réjection (j) : 0.5/4.5 %

Prompt tracks

F. Couderc, Higgs @ TeVatron



WH — v bb
ICHEP 06
055 pb!
w Moriond EW 07
1 fb

Bruits de fond:

Signature expérimentale:

- 1 lepton e,u dur isole; p_ []> 20 GeV/c

- Energie transverse manquante (neutrino) - W + jets
m_ > 20 GeV - QCD (B semi-leptonique)
- au moins 2 jets de haut p. - ttbar + single top

p. > 20 (15) GeV/c a Dzero (CDF) - diboson ZW

- Identification des jets de b (1 seul ou les 2)

F. Couderc, Higgs @ TeVatron



w Distributions avant/apres tagging

n 2 80— i
E L L = 1-0 fb-1 W L 2 jets / 1 b'tag E 80_ L = 1.0 fb-1 w + 2 jets’ 2 b-tags
g 300 DO Preliminary ® Data > | D@ Preliminary ® Data
@ w COW +jets | W | W + jets
S [L=1.0fb" W +2 jets - %QCD sol %&)CD
S [ D@ Preliminary e Data - ol i T
L Whbhb
W 2000/ ‘ . - -g\{ﬁgr L Eother
- W + jets 200 COWH | — | CIwH
B s 115 GaV {x10) 115 GeV [x10)
15001 ‘\QCD 40_*
: " |SM bkgd i W+ Jets
1000 100 i
C 20
500 N e
: | %  s0 100 150 200 00 100 150 200 250 300
O 20 40 60 80 100 120 ' 140
Diiet Mass (GeV) Diiet Mass (GeV)
W Transverse Mass (GeV) o -
CDF Run Il Preliminary CDF Run Il Preliminary
. Ng 120 —e— Data(955pb ™) Ng L —+— Data(955pk7)
© B I:I W+Heavy Flavor ) 12__ |:| WiHeavy Flavor
Avant tagging 8 | —pn 8 " o
S :_ E Nan-W QCD S 1oL E Nen-W QCD
. . ~ B Diboson/Z?—1t -~ C ye Diboson/Z°—tr
Bruit de fond W+Jets £ 80 [ fi(6.7pb)+Single Top 2 al *\\ ‘ [ i(6.7pb)+Single Top
R . g - N Background Error g - %k \\\\\ Background Error
NOI‘ma|Isatlon du MC au L 60 N —— WHx 10 (m,=115GeV/c?) L r —— WHx 10 (m,=115GeV/c?)
L =
données avant tagging en sof - W+ Jets _ W+ Jets
prenant en compte les oF e 1 b-Tag : 4l |2 b-Tags
autres bruits de fond . et A== i »
O 50 100 150 200 250 300 350 400 450 50C 0 50 100 150 200 250 300 350 400 450 500
Dijet Mass (GeV/c?) Dijet Mass (GeV/c))
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w Résultats WH

/” Limites 3 95 % CL (m, = 115 GeV/c2)

2 | WH—Ivbb, Preliminary
IS 10 | — ____—— D§’05 (174 pb”, PRL)
o =
T - |
- : D§ (440 pb™, exp. limit)
m
X 1
o ~ D@ (CutBased, 1.0 fb™', observed and exp. (.
. T = iy

Dzero utilise tous = -

les triggers muons: |£10_1:_

+50% de signal ! 5 F . .

L PR T T | I B T 1 PR R TR TR TR T N
110 120 130 140 150
Higgs Mass (GeV)
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L'avenir, un exemple

WH ou ZH systemes complexes, contiennent plus d'informations que la
seule masse invariante dijet: bénéfices des techniques multivariables
pour discriminer signal/bruit de fond!

Un exemple: la méthode des élements de matrice appliquée a WH

Rapport de Likelihood avec la méthode des élements de matrices (cf plus loin)

300 DG Run Il Preliminary, L=0.9 fi5' .
Dzero: te cycle’l' analyse de recherche du

250 :%?.ﬁmﬂm} x10 single top pour la recherche du Higgs.

s Tb+1qb . ' 73 ”
200 Ay — Comparaison avec l'analyse “coupures
150 B oyposon - pas d'optimisation, 30% moins efficace

: — MJHiiet luminosité moins élevée
1000 ™ ** * K - pourtant quasi aussi sensible !
>0 ME: 6 < 1.7 (1.2) pb, obs (exp)

% 02 04 06 cut: o <1.3 (1.1) pb, obs (exp)
WH ME Discriminant
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ZH — Il bb
Moriond QCD 07
~1fb?

w Novembre 06
840-920 pb

Signature expérimentale: Bruits de fond:
- 2 leptons (2e ou 2u) durs, -Z + jets

masse invariante compatible avec Z - ttbar
- au moins 2 jets de haut p, - diboson ZZ

- Identification des jets de b (1 seul ou les 2)

F. Couderc, Higgs @ TeVatron



ZH — Il bb a Dzero

~Dat = Dt
> kD@ Preliminary (920 pb’)  |=qcD > [ DO Preliminary (840-920 pb') |—qch
O] S — Z+jets O it — Z+jets
N B o =
» 102 T L
% - ..g 107
Q10 o M
L 105—
1 -
avant E
v b-tagging |
10 50 200 250 0 50 100 150 200 250 300 N 350
Mee (GeV) Mjj (GeV)
® [ DO Preliminary (840-920 pb') |=QCD
© + 2 b-Tag |[=20
. o 10 - =74
- 2 jets p. > 15 GeV/c T E ag =
2 [l =wz
- 2 leptons p. > 15 GeV/c § LE
Ll

iy I |—ZH 115
= mi

coupure surm,

-2 b-Tag 1o
Limite sur la masse
invariante di-jet

I| I|I IIIIII

!

M.

I 1 L 1 1 1 1 1 1
200 250 300 350
Mjj (GeV)

-
=]
)
o
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ZH — Il bb & CDF

Analyse sophistiquée a CDF. Deux points clefs: fZ‘ CDF"F’:":"::WJ:‘"T 057 - 1.02 "
i —e— Data (Single Tag
165— - Backgrounds w/ Alpgen
. Jet Systcm Bl ZH— llbb X 50 (MH =120 Ge‘WcZ)
- 1. CaICUI des JetS pT en 14 = ZH— Ilbb X 50 (before MP DF)
. 12—
imposantm_,. =0 10)-
améliore résolution en 8-
6l
masse dijet (15 %) )
équivaut a lumi x 1.3 21
_:Z-'_

, CTONOy NP 50 100 150 200 250
Mii (GeV/c))

2. N N 2 D pour Iutter _,g, 5 CDF Il Preliminary JﬂLdt - 097-1.02 fb "E' 5 CDF Il Preliminary JrLdt -097-1.021"
, ’ g 2 3 . Data - Double Tag g e E_ e
Separement contre % 4 [ standard Model Backgrounds = 4= = gﬁm_)dir:br\;!(ofgI(I(Bﬂac:?;oougdeswc‘)
: c35F  —— ZHoIbbX 10 (M= 120 GeVA? o 35f oo i Gontent of SM Bkg.
tthar et Zjets ttbar 27 27 2
slice Z 250 =25}
2f 2f
15 i 15 -
1 1
0.5 0.5
U 02— 04 -86— 08 1 02 "84 o6 0.8 1
NN Projected Slice (Z+jets vs ZH) NN Projected Slice (ZH vs tt)
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D Résultats ZH — Il bb

/" Limites & 95 % CL (m, = 115 GeV/c2)

- CDF

-
-
-
_____
-
]

CDF Il Preliminary ‘[Ldt = 0.97 - 1.02

Observed Limit {(Combined)

= =1 Expected Limit (Combined) + 1=
— Observed Limit {1 tag)

== Expected Limit (1 tag)
— Observed Limit (2 tag)
) L L == Expected Limit (2 tag) Ll
100 110 120 130 140 1502
M (GeVric)
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ZH — v bb

ICHEP 06
970 pb!
avril 2007
930 pb!
_ o Bruits de fond:
Signature expérimentale:
- W/Z + jets
- au moins 2 jets de haut p_, - QCD saveurs lourdes
- large m__ (2 neutrinos) -top
- pas de traces chargées isolées Bonus:
- [dentification des jets de b (1 seul ou les 2) - WH — lvbb ou | n'est pas
détecté

F. Couderc, Higgs @ TeVatron



Un bruit de fond complexe

2nd jet

Bruitde fond:0CD bb

Variables cinématiques: MC ?

. , Fake Missing E
Normalisation : seulement données 9 Er

15t jet

Missing E; in QCD Region, =1 Tag

3 F —_— -
§ - CDF Run Il Preliminary, 0.973 fb’ ZH—>vvbb Search, Control Regions
5 1045 - Data
5 F W Z+hi.
G gl 1 %V\Lh.f. #
F | ]
g . [ |Diboson I,
102} -i- BTop
; . [JacDhL. e
10E — l‘.ﬁ [ Mistag p o _
E n Py ‘ Distributions : MC
L ] | . .
"t . - | -l © Normalisation : Data
050 100 150 200 250 300 =
Missing E; (GeV) S

let)

ApMET,J2)
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Un bruit de fond complexe

Différentes définitions de I'énergie transverse manquante

Missing ET (mET): avec cellules du calorimeétre Signal: pointent toutes dans

Missing HT (mHT): avec impulsions des jets la méme direction
di-jet : mET créée par jets
malmesureés

Missing Trk pT (mTrKk): avec traces chargées

2°°F D@ Run Il Preliminary  Simulaes Pyl Bhg
Eﬂm;— (0.930 fb'1} s L . Signal Region Data
A . < - I
Fenetre Slgnal: ETWE_ / Instrumental Background
X Asym(MET,MHT) = i 800F
(MET-MHT)/(MET+MHT) > -0.1 e
400
X AP(MET,MTrkPt) < rtr/2 EmE_
X Région de control: sz—
X AGMET,MTrkPY) > 11/2— T4
i E S S BT S SR
93 02 0.1 0 0.1 0.2

Asym(MET,MHT)
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Events/20 (GeV)

Résultats ZH — vv bb

4 Limites & 95 % CL (m,, = 115 GeV/c2)

1 fb-1

XSM exp : ZH/WH/comb 25/38/7?? 28 /34 /16

33/50/77 16

XSM obs : comb

. i i >
oo Dilet mass in SIG Region,=1Tag o s Dijet mass in SIG Region,>2Tag § | .
" CDF Run Il Preliminary, 0973 fb'| & .. CDF Run Il Preliminary, 0.973 fb'| o3[ D@ Run Il Preliminary
ak » Y- € 8- - F .
80— —=— Data 8 - —-Data 2 (0.930 fb™)
70 ~—ZH115*10 | € 75 ~ZH115710 | § 2sp —DATA
g [ Z+hf. g E CDF [ Z+h.f. wor Dzero [®:wc
saf- + CDF [ Wah f w8 []W+h.f. 2oF Equtsmﬁc
’ e — . B +E
saF- [] Diboson S 2Tag [[]Diboson - 2Tag |:|WJ]rjets MC
- 1Tag B Top - Il Top 150 B MISC MG
40— [ QcD h.f. e [ QCD h.f. - CJaco
30" I Mistag 3 [ Mistag 10
20F 2 -
e F SE
100 1= -
E 0:III PR B e B .I'*"I_._.IJH.
% 100 200 B00 oo 500 &oc 0 50 100 150 200 250 300 350 400 % s 100 150 200 250 300 350 400
M" (GeV) M" (GeV) Invariant Mass (GeV)
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H— WW* = v v

Moriond QCD 07
1.1 fbl

w ICHEP 06
930-950 pb!

Signature expérimentale:  Bruits de fond:

- 2 leptons de haut p_(e ou ) - WW /WZ
. CDF Run Il Preliminary _[ Ldt=1.1fb"
- Iarge Mg, (2 neutrmOS) - Lo B L]0 miaeo) .data Ot
< 9 ww  @Ew
- Drellyan s BWz  Owejots
2 | @Ozz Obvy
§ 30 ‘\» +
w25

Higgs scalaire: - m_-£ 20

les 2 I,eptons sont . — —< > o
¢ olinéaires” W- e

\ %
0 0.5 1 1.5 2 2.5 3
F. Couderc, Higgs @ TeVatron A¢ leptons




|_Preselection | + data

H — WW* a Dzero

Preselection e data
- ; T I N 7 — o
i .. ] QCD fakes
- [ ‘?VCVE: fakes aco
‘e Cw—=1v
10 E ee W —ev 1023— eu it > on
i e E N Z— e
3| it ee B —
107 —— 160 GeV Higgs (x10) L _- W22 g 1
E B -
- |
I 10
102 E
10
E 1E
1 -

-1
107020 40 60 80 100120140160 180

Invariant Mass (GeV)

i Invariant Mass at Preselection

C

Events / C_i.evfcﬁz
LA

-1
10°0"20 40 60 80 100120140 160 180

Invariant Mass (GeV)

HIGGS MASS 160 GEV (After Cuts 1-7) I id“

Z
[ ] QCD fakes
T Jww
I:l W= by
- it — ep
Mz
Bl vizi7z

— 180 GeV Hig

10

10"

-2
0% 05 1 15 2 25 3

A ¢ (e, u) (rad)
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| HIGGS MASS 160 GeV (After Cuts 1-7) |

10

101

® data
- Z—ee
- Z=Tr
[ ]acD fakes
|:| WW
|:| W—ev
B zz Wz
- ft— ee

— 160 GeV Higgs (x10

Angle (up) before Cut |

102
0 05 1 15 2 25 3
A ¢(e,e) (rad)

M, |/ GeVic*2

140

[l Wbb
Cy1s

Events /0.2

_i_

102

Eyas
BZ
Mzz

O Zbb
EwZ
[t

B W munu
CIww
MZ —pp
Cacb

- Data
—H120
— H140
—H160
— H180




H — WW* a CDF

Probabilité d'observer la 1 f dotl(y)

E(y)G(xob& y)dy

Fonction de
transfert

configuration cinématique Prn(Tobs) = :;

4 ” 12 y

Ob s” en supposant I'évt

issu du processus m. ME de m +
PDFs

PH(%bs)
PH(%bs) + EikiP@'@obs)

Calcul du rapport de B
Likelihood: LR (Zabs) =

. _ 1
CDF Run Il Preliminary frat=1.1m" CDF Run 1l Preliminary frdt=11f
= oo - aata — = [—70xm, (160) .data [t
= ] CJ10>x m, (160) W Wy © 30 Oww @Ewy
= — w c— B{;Jets P ] Owz Ow+jets
=2 ] S— m— = E : AP zz DY
& 80 —Dzz g 25 validation: = O
L1l + = L .
60 LR signal 3 201 LR WW
1 o 15
40 4] - —— L 1
Z 4 F W 10
= = ] ‘+_ ——+ +
20 + ororm e LEZHAEBW, h?qjm SIB}- 5_: T .__?
o- T 0j .............. —
) 0.2 0.4 0.6 0.8 1

0 0.2 0.4 0.6 08 1

LR (H—=>WW, high S/B) LR (WW, high S/B)
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Résultats H — WW*

/” Limites 2 95 % CL (m, = 160 GeV/c?)

CDF Run |l Preliminary j L dt=1.1 b
_- [5 - T = T T T T
| F ~ DO Hun II Prlehm;ﬁary ~950 pb™ 7 —— Observed
- F 77 /){P],;/ y s ’://1// 4\?- ------- Median Expectation
102l 7 AP '525’//?/ ~ ‘e 10° :
L 10°E _ Bl
E o . = 95% CL Limit =
L W @ e e Expectgj i . + 26
; [ - —— Observed - .
oc = AP, 32
‘g ki s S 10}
1 .g 4th Generation Model g
E E §
1oL W Standard Model . CDE
1 .
1 I 1 i 1 | 1 1 1 I 1 1 1 I 1 1 1 I i 1 1 I . . : ] . . . .
100 120 140 160 180 200 110 120 130 140 150 160 170 180 190 %00
Higgs mass (GeV) Higgs Mass [ GeV/c]
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Apercu des systérmatiques

Exemple: CDF
Systématiques utilisées dans la combinaison des résultats

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 — (vbb ST WH — (vbb DT ZH — vobb ST ZH — vvbb DT ZH — (0 bb H — WTW ™
Luminosity (%) 6.0 6.0 6.0 6.0 6.0 6.0
b-Tag Scale Factor (%) 5.3 16.0 C@% 0 16.0 8.0 n/a
Lepton Identification (%) 2.0 2.0 3.(\ 2.0 2.0 14 3.0
Jet Energy Scale (%) 3.0 30, 2 6.0 (1.0-20.0) (1.6-20.0) 1.0
I(S)R+PDEF (%) 40 10,08 S\ 5 : 5
S)R+P] 0 . . (D\‘ 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/a n/a -20 n/a
Backgrounds
\ 33.0 34.0 12.0 12.0 40.0 n/a
WHHF(IT) (%) 0 0 -10.0 42,0 0 n/a
Z+HE(T) (%) 0 0 6.0 -19.0 0 n/a
Mistag (%) 22.0 15.0 (\QN 0 17.0 17.0 n/a
Top T (%) 13.5 20.0 12.0 12.0 20.0 n/a
Top 1T (%) n/a 11/1% C g x 2.0 -3.0 n/a n/a
CD (% 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 -(12.0-18.0)
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D Une idée du challenge

Nombres d'événements de signal et de bruit
de fond attendus avec les coupures utilisées a
Dzero pour les modes sensibles
a un bosons de Higgs de 115 GeV/c?

Expected/Observed Events in 1.0fb!
mH=115 GeVc?, 70<dijetMass<130 GeV/c?

Data
WH-lvbb, 2Tag 1,45 86,6 91 0,156
WH-Ilvbb, 1Tag 1,48 365,2 339 0,077
ZH/WH- MET+bb 0.83/0.54 55,3 63 0,184
ZH-11lbb 0,37 19,8 17 0,083
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Combinaison CDF/Dzero

= YF Tevatron Run IT Preliminary
e a5l X
£ 3F -===== D@ Expected [Ldt=0.3-1.0 fb
- . —apf. 8 e CDF Expected s :
- e T mumgis .
Premiere combinaison Dzero/CDF 0 30M n.% aunins Tevatron Expected ik,
des xSM pour ICHEP 06. Mais: E 25“5‘—:: mmm Teyatron Observed ’
- Dzero: basses masses slt 300pb* = o s
- CDF : hautes masses slt 300 pb' g T e,
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- Nouvelle combinaison des analyses Dzero

g :__D_Q._;P imina Iy, L=1.0 B! j:j :b
« 115 GeV/c? : xSM obs (exp) < 8.4 (5.9 Woamaae x
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Le boson de Higgs du
Modele Standard
Supersymétrique Minimal
(MSSM)



SUSY in a nutshell

* SUSY relates bosons to fermions. But it requires a
complete set of new particles (“s’-particles): can not “only”
relate known bosons to known fermions

* One of the main appeals: it solves naturally the hierarchy
problem provided that m close to m

Fermion Scalar
a) ; b) #/.,__H\x \
- .' : .:;‘J? Az .\

‘. ,\ ! A
__H:_-.j:/ \'_-f{__“_"ff.---_‘zﬂ..:i--_f{_=AMZ === [(m? me )lm( )

./ from scalarvs AT s
fermions loops Quadratic divergences cancel out,
only logarithmic ones remain !

= New particles masses should not be much higher than TeV

= Can be produced 6 n-shell’at the Tevatron/LHC! (direct searches)
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w The MSSM Higgs sector

* SUSY requires at least 2 Higgs doublets (to cancel higgsino
contribution to triangle anomalies, structure of superpotential)

MSSM: exactly 2 doublets

= 1 couples to down (up) quarks with vev v, (v ): tanf =v /v .
NB:iftanB=40=A_=A .. large tanp regime appealing

top bottom”

= After EW breaking: 5 Higgs bosons remain:
- 3 neutral : h/H (CP-even) and A (CP-odd) (convention: m,>m,)
- 2 charged : H*, H

e In susy models, Higgs sector has only 2 parameters, usually M,
and tanf3 , at tree level

= M,, M, and M,,, are function of M, and tanf} at tree level, more

model dependent after radiative corrections
= V MSSM parameters, M, < 135 (150) GeV/c?. A light Higgs boson
must exist if MSSM is realized!
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w MSSM benchmarks scenari

* Results at Tevatron are usually interpreted in 2
benchmark scenarii called m "> and no-mixing.

Common set of parameters Differences in the stop
my = 174.3 GeV, mixing parameter X
Mepey = 1000 GeV. No-mixing scenario ~ Maximal mixing scenario
P X,=0, (Mg =2 TeV) X, = 2.45x M
= —ZUU (:re\f: . > t \ SUsY
J [2 = 2() () GEV. S 1303
m 12{}E
N vnn_
my = 0.8 ﬂ'ISUSY ; = m;
Sign of u is usually varied = -
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DO thelgemnpregme @

- A (+ h or H) coupling to down quark enhanced by tanf3
- A (+ h or H) coupling to up quark suppressed by cotanf3

= B(®d—bb) = 90% : B(d—11) = 10% where ® = h/H/A

to

= Ifm,, <m_, B(H*—10) = 1 otherwise

- h/A or H/A or h/H/A are degenerated in mass

tanp=5
200 1F R, ———
o h H — bb
180 ! o —27
- 10! || — ww
160F 3 g — ag
n B s —
140 B ) ,,..-.-l"".".\“ - mh 51 0-2 cc
: "-'-MH ,,.m" AL TR R ”m m ! _TT
120 e s A PN L
- A4 Maximal mixing —
- ' i . 10-3
Lo o ] scenario /I \ . : ; J
100 120 140 160 180 200 80 100 120 140 160 180 200
my Higgs Mass (GeV)
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Production h/H/A

If tanf >> 1
h/H/A ! O B(d—bb) = 90%
---- tanpe-- - - -- h/H/A B(Dd—11) = 10%
‘ g TO000+—>— /b where ® = h/H/A
; AtLO < Both h/H/A —bb tand
Susy : h/H/A - 11 h/H/A — 1 T possible
bb out of reach enhancementintan’f x2  -—->1ljetdeb

(QCD background)

Tevatron, \'s = 1.96 TeV, SM Tewvatron, s = 1.96 TeV, MSSM, tani=30

Production

gg+bb—H

0 (pb)

MSSM

_ Production

90 7100 200 300 400
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3 types distincts de Taus

Un nouvel outil: © ID

Neural network ID

+
o

a4 =
- o sub-cluster
Type 2 , ot ’\ b |
™, =
+
i = TRK + CAL
UT
R f: > LTRK +
ype ! o T wide CAL
] __J_/_’.:/--“ & ot ‘ cluster
T 0 =AT
-
“"[
Jet-Background . =1 TRK +
20 _» T wide CAL
/,:!_l'_"j_,__»___+__,. 7=  cluster +
qe——_ 70 EM sub-
T o cluster

TRK + CAL

- T  no TRK,
but EM
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Performence pour p_ [t]>15 GeV :

Facteur de réduction du bruit de fond ~40
pour 70% d'efficacité au t

D Run I Preliminary

§ T Wi

197E Type 1

— jet daia

Il
Lo ] 0.5

Tau Type| 1 2 3 NN

D2 Hun 1 Preliminary

Reconstruction

v Type 2 s

— jet data

Jets 1.5 10 38
Taus 0.1 50 20

NN > 0.9

Jets | 004 02 08
Taus 5.8 37 13

D= Run D Praeliminary

ol Type 3“7




w Searches for h/H/A—7r
New result, both CDF and DY, with 1 fb!

Final State tt(j) with Selection
- CDF: TT + TTlhag  TuThad 1 (2 for ep) isolated hard lepton + one hadronic tau
(apply NN tau id) with opposite sign. W(j) removed

-DZ :only Tt _ butuseaNNto . —
u “had with
# Backgrounds

main Z—tt, QCD, Z—ee, Z—uu, di boson

discriminate signal from background

-E DO Preliminary, 1.0 fb C
o Pcroo™e [ A—TT :
W 10%F — e 100 M Zy'—tt E
oo 3 B other EW, tt | :
-V_WVV—\;T—YIV " i } jet fake
10k f 10¢ ——— M, =160 GeV :
1
TE i
0 50 100 150 200 2500.1:))

' 0 50 100 150 200 250 300
myis = |PES + P+ P |



Searches for h/H/IA—xt

— 100 1 | 1 C| B B -
c CDF Run Il 1 fb- bt
= MSSM Higgs—1t Search —— Expected Limit
= Prelimina Expected Limit,+1c]| ]
& 10 & - CDF: 2 o excess at high
E; — Observed masses
< | — Expected B ~ )
S T o 10 band . DY : no excess
' 20 band 766 i35 “7ao 166 186  Soo
ot 95% CL upper limits Higgas Mass (e
0 =00 T80 200 280 CDF&DY have comparable sensitivities

mg (GeV)

b =-200 GeV, M, =200 GeV, m; = 0.8 M,
M, .. =1TeV X, =6 M {m, ™), X,=0 (no-mixing)

sUSY SUSY h

No-mixing, . < O
-~ 100 F—r1t-r—rrr-rr-rerreeeeypee -
= 90

80

70

60

50
CDF Run I 1 fb- 40

MSSM 0—1T Search
Preliminary
no mixing 20

LR 2 10
80 100 120 140 160 180 20 & a0 G20 140 Hea 1850 Bon
m, (GeVic?) M, (GeV)

expected

DS Preliminary, 1.0 fb™!

30




/

300
700
600
500
400
300
200
100
0

Production in association with b

Production associée hb: état final bbb
- bruit de fond QCD muliijets : jjj, cjj, bjj, ccj, bbj, bbc, bbb...
— pas de prédiction théorique fiable

- en cours de réoptimisation a Dzero, résultat attendu pour CDF. Eté 2007 ?

DO Run I Preliminary 0.9 fb?

-+ o— Signal wiréldoiw

—— (ata

bckg from data

signal(mA=120, tanB=60)

———————— bckg from data+signal

it Events with >3
b-tagged jets

(TTTITTTTTITITT TTITIT T T TITTTITTITT T T

50 100 150 200 250 300 350 400 450 500
Inv. mass of leading jets (GeV)

F. Couderc, Higgs @ TeVatron

Cross section (pb)

D@ Run II Preliminary

2 99% CL limits| — Observed
: 0.9t |— Expected

10

TN T Y TN YN NN TN T T T [N TN TN T N T T T T AT T [ T WY S
100 110 120 130 140 150 160 170
mH (GeV)



1 isolated hard muon + one hadronic tau (apply NN

Searches of h/H/Ab—tt b

DY only, 344 pb!

Selection

tau id) with opposite sign + 1 tagged b jet.
ttbar events are discriminate with the help of an NN

60

95% C.L. Cross Section Limit (pb)
B
(=}

N
o

...............

DO Run Il Preliminary
--4@-- Expected (but channel, 286 pb™)
Observed (but channel, 286 pb™)

—e
Expected (bbb channel, 260 pb™)
)

150
M, (GeV)

1 I1 40I 11

Final State ttb(j) with T Thad b

Backgrounds
Z(j), QCD, ttbar

Exp: 6.8 bkg evts ; Obs: 3

Less sensitive than previous slide but some
lessons can be drawn:

- nearly as sensitive as hb—bbb with 300 pb™!
though the BR is 9 times smaller

- hb—bbb suffer froms a large QCD muliijet
production difficult to predict. With higher
statistics, ttb will probably be more sensitive
than hbb!



Perspectives




w Le boson de Higgs SM

S1ISYHiggs Wotkshop-

8.5 fb ~ il

Prédictions datant
de 2003 pour les 4.4 b

P -nggs-ﬁqnsitiv‘rty-&tudy

st:atls‘tln.al :pnmr only

"
\%\
T @ |___(no systematlcs)
possibilités de: \ - =
- découverte E ST e e e
- évidence = 4
3 io Discovery
- exclusion o 35 Evidence
2006: 1 fb!
sur bande 100 105 110 115 120 125 130 135 140

Higgs Mass m, [Ge‘u‘!cz}
Ou en est le Tevatron avec 1 fb!l ?

-a 110 GeV/c2 CDF + Dzero devraient exclure 1 x SM

A Moyenne personnelle
-a 110 GeV/c? CDF + Dzero exclude 3.5{ SM grossicre

. . Requiere au moins 12 fb!
Le Tevatron pourra-t-il tenir ses promesses ?
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w Difficile mais pas impossible

Prévisions a Dzero:
- plus de canaux: les leptons t ne sont pas utilisees

- les analyses multivariables commencent seulement
- amélioration des systématiques indispensables (Z/W + jets)

Today with 1fb™ - 5,9 4,2
Lumi = 2 fb™’ 2 4,2 3,0
b-Tag (Shape + Layer®) 2 3,0 3,0
Multivariate Techniques 1,7 2,3 2,3
Improved mass resolution 1,5 1,8 2,3
New Channels 1.3/1.5 1,6 1,9
Reduced systematics 1,2 1,5 1,7
Two Experiments 2 1,1 1,2

2 At 115 GeV At 160 GeV
need ~2.5 fb- need ~3 fb!
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Le TeVatron et son premier 1fb:
- 2006 : B_ mixing a CDF (et Dzero)
- 2007 : single top a Dzero

et avec un 6/8 fb! ?

La quete du boson de Higgs

commence seulement au TeVatron:

- tous les canauix sont analysés
- les sont en place
- des manquent encore mais

sont prévues: addition des T, b—Tging

(Layer & a DY), améliorations d IEWAES
(ME, NN), augmentation de l'acceptance des
leptons a CDF....

£
=
h-]
'__F:
=
=
g
=
—
=
&
q.
)]
2
=]
=

Base Projection

10/1/06 10/2/07

Start of Fiscal Year

Dores et deja atteintle domaine
I' ntéressant” tanf3 ~ 40
Une surprise est toujours possible !

“Difficile de trouver un chat noir dans une
piece sombre, surtout s'il n'y est pas !”



w Backup slides
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w CDF H* searches

If m,, <m,_ then the decay t — b H* compete with the SMt — b W*

Use the top samples. Look for excess of events over SM predictions

t - H* b search CDF Run lI ,
160 Excluded 95 %CL m= 175 GeVic JL d= 193 pb 160
%%?7  TMEecled = \§§§ Limits in several scenarii, cover
140/ . E sMz 10 Expected = e \140
S1007 13 [ cor o] 2N EE A different H* decays. Left plot:
S 5 38 [T LEP Excluded fE ¥120
o 8% INNF
01007 £ 5 , .s 100 : .
0 AN Maximal mixing
£ gL 80

50 scenario 500 b

=7]
=]

-1 2

10 tan@ 10 Phys. Rev. Lett. 96, 042003 (2006)
Tauonic Higgs Model CDF Run Il Preliminary
Excluded 95 %,CL m= 175 GeV/c? Ldt=192pb"

BR({H >xtv)=1; BR{H >cs)=BR(H >t B)=BR{H—>W"h)=0

SM Expected

EE sM=z 1o Expected
- CDF Run |l Excluded

large tanf case :

Br(H*—1v) = 100 % and one
can put a limit on the
Br(t— b HY)

20

80

-

=]

Q
O—HH‘\H\|\\\\‘\III|IIII|IIII|IH\|IIII

0.2 0.4 0.6 0.8 1
BR(t >Hb)



