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The TeVatron

Run Il Integrated Luminosity [ 19 April 2002 -8 June 2008 |

] "_ *.'-‘-'i ' ¥ . »
e | ,
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p source

Main Injeéfbf |
& Recycler o,
4 e pees  Analyzed : 1.0 -2.41fb !

Recorded / Delivered: 4.3 /3.7 fb!

= z - — .‘l_._- — — .

Best peak luminosity: ~ 300E30 cm?/s™!
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Forward Mini-drift
chambers

Central Scintillator

R - ':|.-.1-'l-.-"l'

L LR

s TELOGGER

Forward Scintillator

._I--\.-;'i-l-"'.'
DETECTORS 7,
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H %.’rsu.{mm:,
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Si, SciFi,Preshowers

New Solenoid, Tracking System |

+ New Electronics, Trig, DAQ

Higgs @TeVatron, LAPP, F Couderc

D® cetector

Multi purpose detector

- silicon vertex detector
- central tracker

- calorimeter (EM/ HAD)
- muon system




Standard Model

Higgs boson




EW syrnetry breaking: Higgs rmechanism

7 V4 . s . : meas_ ~fit, , _meas
succés de la Théorie électrofaible et de Measurement OO
SU(Z)XU(]') m, [GeV] 91.1875+0.0021 91.1875
. . . I, [GeV] 2.4952 £+ 0.0023 2.4957
MAIS, terme de masse non invariant de jauge Géad bl 4154040037 41477
= Particules sans masse! R 20.767+0.025  20.744
) ] ] _ ) _ AY 0.01714 £0.00095 0.01645
Mécanisme de Higgs: ajouté un champ scalaire ) 0.1465+0.0032  0.1481
(doublet de SU(2)) avec le bon potentiel R, 0.21629 +0.00066 0.21586
R, 0.1721 £ 0.0030 0.1722
ALP 0.0992 +0.0016  0.1038
AY° 0.0707 £0.0035  0.0742
A, 0.923 £ 0.020 0.935
A 0.670 £ 0.027 0.668

[

A(SLD)  0.1513£0.0021  0.1481
sin6S'(Q,) 0.2324£0.0012  0.2314
my [GeV]  80.398+0.025  80.374
Ty, [GeVl  2.140£0.060 2.091
m, [GeV] 170.9+1.8 171.3

- symétrie de jauge se brise
- bosons de jauges — massiques
- couplages de Yukawa
— fermions massiques @

relicat: le boson de Higgs,
mais m, non predit

Higgs @TeVatron, LAPP, F Couderc 6



rliggs mass constraints

NQ
~—~ 7
—
L e Dat:
O 6 7] Backgrouna
on I Signal (115 GeV/c?)
\ 5
W
~—
= GeV.
g 4 |pa 18
= | Ba 14
3 |isignal | 2.9 2.2 + +
1 + +Lﬁ—|‘
0 PR | I IS S — i L
0 20 40 60 80 100 120

myrec (GeV/c?)

Direct searches
at LEP

MH > 114.4 GeV @ 95% CL

Higgs @TeVatron, LAPP, F Couderc 7



rliggs mass constraints

o UEP cmamen Tight Indirect constraints:
S 6 [ peergrouna
T, | e m,, = 172.6 + 1.4 GeV/c? (TeV)
B, m, =80398+ 25 MeV/c? (LEP + TeV)
10 + +i"'H]J March 2008 |
0 fmp—l el L L L 1 —LEP2 and Tevatron (prel.)
m rec (GeV/cd) 80.54 - LEP1 and SLD
- 68% CL
Direct searches _
=
at LEP g
~. 80.4
el A =
W :
E S 80.3-
MH > 114.4 GeV @ 95% 150 175 200

Higgs @TeVatron, LAPP, F Couderc 8



Constraints on the Higgs boson mass

Indirect constraints 6 TR o Teame
] 5 G 6 _
m,, = 172.6 + 1.4 GeV/c? (TeV) 51\ oomnn0nms -
m,, =80398 + 25 MeV/c? (LEP + TeV) | , | 1\ oo7eooes )
sz 3_. L : |
] D ."._::"..“ :. _
Direct search !
at LEP: I S A 2
er A | Excluded ,,‘-. ,3-:1':" Preliminary-
7t 0 ———— .
30 100 300
w m, [GeV]
B \H - -
6 Combination:
MH > 114.4 GeV_@ 95% MH <190 GeV/c* @ 35 % CL

MH < 160 GeV/c? (without direct serach)

Higgs @TeVatron, LAPP, F Couderc 9



Search strategy at TeVatron

o
= T fo) PN P
5 - a 0] Production
— e} ]
= ke gg—H
= —
= ol @
Wi s
E Lu
o
Soit 3
102 & ks
= o
= =
v
5 >
L
10356 120 140 160 180 200 100 l 120 . 140 | 160 | 180 | 200

my, (GeV/c?2)

my (GeV/c?)

w Low-mass Higgs (m, < 135 GeV/c?)
Mainly associated production WH, ZH avec H—bb

* + inclusive production H — yy

w High-mass Higgs (m, > 135 GeV/c?)
H—WW:’ large branching ratio, 6nly’electroweak backgrounds (di-boson):
search for gg — H(X)

Higgs @TeVatron, LAPP, F Couderc 10



Final states stuclied

ZH—VVbb

Gluon Fusion Production:

Mainly HHOWW*—lvyly

high mass,
helpful also at low mass

\_

Signatu re: high p_isolated leptons and/or missing
transverse energy + high p_jets for associated production.

Higgs @TeVatron, LAPP, F Couderc 11
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Standard Model:
Low-mass Higgs
DOS0ON searches

12



The main tool: b-tagging

Search for H — bb, jj background is reducible by

Tagging b-jets
b hadrons: long life time + heavy
- secondary vertex, Decay lifetime
- tracks with high impact parameters Jet
- vertex mass

Displaced tracks

b'tagging @ D@ Decay lifetime @j
: I : Lxy -, oecondary vertex
- kinematics informations L.
combined in a Neural Network Primary vertex ’ A
/
. . . -\ /
% efficiency (b): 50/ 70 % o

Y fakerate (j): 0.5/4.5%

Prompt tracks

Higgs @TeVatron, LAPP, F Couderc 13



Electroweak V+jets backgrounds

Search for W/Z H with H— bb
= W/Z + jj/cc/bb are the largest backgrounds

Simulation from MC + data:
* kinematics from LO (Alpgen) simulation
* normalization (cross section) corrected from (N)NLO/LO
* still not enough:
- create enriched W/Z + jets samples
- before b-tagging Higgs signal negligible
- normalize to data in those samples before b-tagging
- o[ V+bb(cc) ]/ o[ Vinclusive ] kept from simulation

(after NLO correction)

Higgs @TeVatron, LAPP, F Couderc 14



Eleciroweax V+]eis packgrounds

—— Data

? - D@ Preliminary 90 3500?' o '; " DO preliminary (2.1 fb") -
O == 7Z+bb(cc) 5 & * — Data i
o1o3:—Tﬁ_‘ﬁﬂ_,l_l_l‘_l_‘j = it N L —_l- Moo ]
- ot ° Wz N 400— * Z+blc-jets —
=~ T —ZZ o L Z+jets(11) ]
wn I - ZH 115 r "l-" Wab/c-jets .
51 e % |:>j A0 Wiets(if) ]
> E - * * Diboson ]
5 | —E _ - _
S ¢ 200~ - .
§1OE— i '#* ]
E o0 = .
= ; g ]
! N ST BT S S T (N I e S S A WAL s s
40 60 80 100 120 140 160 20 40 60 80 100 120 140 160 180 200
Leading-Pt di-jet mass (GeV) E; (GeV)
Normalize Z+jets before Normalize W+jets before
b-tagging: b-tagging:
- select 2 isolated leptons - select 1 isolated muon
- cut on mll invariant mass - cut onET
- estimate other bkgs - estimate other bkgs
- normalize - normalize

Higgs @TeVatron, LAPP, F Couderc




Other backgrounds

* Top production:

- ttbar + single top use simulation only

- Discriminate on the total energy of objects in the event
* Di-boson:

- WW/WZ small backgrounds

— Can discriminate on di-jet mass (W or Z vs H)
* QCD:

- Hard to model especially cross sections

- From data using QCD enriched sample (lepton isolation)

- Need a good E_ resolution and lepton id.

Higgs @TeVatron, LAPP, F Couderc 16



A first example: ZH —vv  bb

Experimental signature: 2.1 fb
missing E_ (> 50 GeV) + 2 high p_ jets (p, > 15 GeV/c)

BaCkgroundS N >_<10|3l I I I I I 1 I LI I L I | L I LI | -

S 6F D@ preliminary (2.1 fb™")_]

* Electroweak Vijj, Vcc, Vbb 5 F e .
v . - — Z+b/c-jets -
*QCD jj, bb : data. g °f Mo
Exploits the difference s PR
between the missing energy - W otisoen -
measured: 3 - .
- in the calorimeter (£.) N B E

- only with jets (H.) : N ]

: 1= B . o

- in the tracker (p{) : T S :
0.15 0.1 0.0 0 0.05 0.1 0.15 0.2 0.25

20 jet o T R

From a QCD background sample requiring:

Fake Missing E; £_and g are not compatible

15t jet
Higgs @TeVatron, LAPP, F Couderc 17



x10°
> : T T T T T T T T | T T T T T T T T .I I. T T T T I-1 T :
O 45 D@ preliminary (2.1 fb™)=
O : —_.!. — Data =
Q 4E iy I Top ]
°. - '_I__' Lo Z+b/c-jets .
N F B Z+jets(1f) -
™ |
- 35 = Wab/c-jets —
(7] = - Wajets(lf) -
E 3 ':F Diboson —:
g = L+- I Muttiet -
o 250 — Hx500 (115 GeV) =
- N ]
2= | B -
- == E
1.5 . —
E -~ U 3
1= — i -
C == -
- — L] -
05— = —
0

50

100 150 200 250 300

DiJet Invariant Mass (GeV)

Improving the sensitivity:

- b-tagging: 2 b-tagged jets
- multivariable discriminant:
combine several discri.
variables into a Boosted

|

Require
2 b-tagged
jets

Events / 12.00 GeV

A first example: ZH —vv  bb

LI LI I LI | L

—‘- D@ preliminary

LI

60

— Data

Il Top
Z+blc-jets

0 Z+jets(1.1.)
Wib/c-jets
Wijets(l.f.)
Diboson

I Multijet

— Hx10 (115 GeV)

50

40

30

20

0 200

250
DiJet Invariant Mass (GeV)

Events / 0.05

Decision Tree (BDT).

Higgs @TeVatron, LAPP, F Couderc

0 0.1 0.

2

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

DT discriminant

LI

[
(2.1 fb) -

300
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A second example: WH—=u (bb

Experimental signature: 1.7 fb?!
1 isolated lepton (from the W) + missing E_ + 2 high p_ jets

Backgrounds Improve sensitivity

* Electroweak V+jets, di-boson *1 and 2 b-tagged jets
* Top *lepton = e or mu
* QCD bb: data (invert iso cut) “use a NN

% - L=1.7 fb" W 1+ 2 jets / 1 b-tag % " L=1.7 f_b'1_ W + 2 jets / 2 b-tags
o) & 300_— DG Preliminary égvil;jets o | D@ Preliminary éz\’zl;jets
Pl'{jz) + lb-tag th b Zb-tag Etf b

' -g\{ﬁer -g\{ﬁer

ﬂhRI{.].] )\‘ 200 Dmlt_alev (x10) Dx\g;lev (x10Q)

Ao()) > .
p{11) /
M(j) /

pr(LME})

20

PR R |
% o2 04 o06 08 1 12 14 9 ) : . B TR

NN output - 1 tag exclusive NN output - 2 tags
Higgs @TeVatron, LAPP, F Couderc 19



Higgs @TeVatron, LAPP, F Couderc

Standard Model:
High-mass Higgs
DOS0ON searches

20



rligh mass: H — WW* (Ivl'y)

Experimental signature: , comwerome oo o
1) 2 high p_ leptons:ee, ey, : :
2) large m__ (2 neutrinos)

3) Higgs is a scalar:
~ collinear leptons

Backgrounds
- Dibosons: WW / WZ [/ Wy
—~- Drell Ydan (2 leptons with opposite charge!)

i
i i Y
| m

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

Higgs @TeVatron, LAPP, F Couderc 21



High mass: H — WW* (vl

Probability to observe the

: . . : 1 doth (y)
‘I‘<|nef’nat|c cqnflguratlon Po(Zops) = / m ) (NG 2opss y)dy
obs”assuming the < Oy > dy
i Transfer
processus is m.
ME of m + function
PDFs
—8— Data (551)
D@ Run llb Preliminary mu+ mu-  L=1.2/fb |— Signal (M =160)
C — Signal+Bkgd.
B — Total Bkgd.
102 — Z+jets Bkgd.
., . = —Dibloson Bkgd.
Improve sensitivity with ¢ =
10 — Top Bkgd.
Neural Network: N
Matrix element discriminant A
+ kinematic variables i
105
102 l H nna |
04 -02 -0 02 04 06 0.8 1 12 14

Higgs @TeVatron, LAPP, F Couderc 27)



Standard Model searches:
Combination before
ICHEP 08

Higgs @TeVatron, LAPP, F Couderc

23



} 7 ' & f‘-\ ' & .f‘ l ' ' &
[eVairon SM Hliggs searcne
CDF . . Exp. (Obs) Upper Limits
Channel Lumi DO Lumi Final State /SM @ MH (GeV)
D0: 8.9 (11) @ 115 GeV
WH = bb 1.9fb-1 | 1.7 fb? , 1b/2b
W e/p, 1b/2 CDF: 6.4 (6.4) @115 GeV
DF: 1 11 \}
ZH>lbb | 1.0fb-1 | 1.1fb? e/n,1bb | CPF: 16 (16) @115 Ge
D0:20 (18) @ 115 GeV
V4 W= tv, | DO: 8.4 (7. 11 Vv
ZHS> wbb | 21fb | 17fp2 | 22 VWP 1V, | DO:84 7.5 @115 Ge
2b CDF:8.3 (8.0) @115 GeV
H-> t1 (99, B : _
VBF.WH.ZH) 2.1fb T +2jets CDF: 25 (31) @ 115 GeV
H> vy 2.3 fb vy DO: 50 (55) @115 GeV
D0: 2.4 (2.1) @ 160 GeV
¥ 2.3 fb? 2.4 fbt! , €U,
H> WW 3 A CDF:2.5 (1.6) @160 GeV
e+e+, e+l +,
WH-> WWW:* | 1.9 fb - CDF: 35 (33) @ 160 GeV

Higgs @TeVatron, LAPP, F Couderc
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Cornbining everything

* A real nightmare
* Combine 28 different channel to get the full sensitivity

 Different techniques at D& and CDF, gives
compatible results within 10%

* All correlations between systematics are taken into
account

- D@ Preliminary :g%%

— Z+jets 2 u
£ Z+bbiee)| &

Number of Events / 0.05
= - a

0.4 0.6 0.8 1
LR (WW, high S/B)

) 10402 4 1214 15 18
NN output - 2 tags Meural Network outout

Higgs @TeVatron, LAPP, F Couderc 25



A word on systernatics

Source W H — evbh DT(ST) WH — pvbb DT(ST) WH — WWTW- H—-WtW-
Luminosity (%) 6.1 6.1 - -
Normalization (%) - - 6.1 4-6
Jet Energy Scale () 3.0 3.0 [ 3.0
Jet 1D (%) 3.0 3.0 - -
Electron ID/ Trigger (%) 6.0 - 11 310
Muon ID /Trigger (%) - 11.0 11 7.7-10
b-Jet Tagging (%) 9.2(4.6) 0.2(4.6) - -
Background « (%) 6-20 6-20 6-18 6-18
Signal « (%) 0 [ 0 10.0
QCD multijets (%) 14 14 30-50 15-40
Source ZH — vishb ZH —etebb DT(ST) ZH — ptp B DT(ST) H — ~y
Luminosity (%) 6.1 6.1 - 6.1
Normalization (%) - - G.1 -
Jet Energy Scale () 3.0 2.0 2.0 -
Jet 1D (%) 2.0 5.0 5.0 -
Jet Triggers (%) .5 - - -
Electron ID/ Trigger (%) 0 4.0 - 12-17
Muon 1D /Trigger (%) 0 - 4.0 -
b-Jet Tagging (%) .0 7.5(3.0) 7.5(3.0) -
Background « (%) 6-16 10-30 10-30 526
Heavy-Flavor Scale (%) Al - - -
QCD multijets (%) - 41-50 S0 20

Higgs @TeVatron, LAPP, F Couderc
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TeVatron cormpbination

Tevatron Run 11 Preliminary, L=1.0-2.4 fb™

102
s 10 R R AR ARt S R ARG
7 i) L R Tevarron Expected
We plot: S e °
= ' m— Teavatron Observed
Cross section @ limit 3 | m tle e CDF Exp-
) — / I
Cross section for SM T 10 | o D@ Exp
S I e L T '
LT
o

MH = 115 GeV/c?
Limit Exp / SM = 3.3 ; SM } ]
Limit Obs / SM =5.1 11n 120 130 120 150 160 170 180 190 200

(GeWc )
MH = 160 GeV/c?
Limit Exp / SM = 1.6 Almost there
Limit Obs / SM = 1.1 at 160 GeV!

Higgs @TeVatron, LAPP, F Couderc 27



EW symmetry
preaking in the
Miniral Supersymmetric
Standard Model (MSSM)

28



Higgs @TeVatron, LAPP, F Couderc

SUSY in a nutshell

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

One of the main appeals: it solves naturally the hierarchy

problem provided thatm____ closetom___
! A ) '#/. . 2\
H / \ H H O\ ' H | )\ N . A
“““ 4 ":F-----“—”—————3:+:i-----=AM2 === [(m? 772%)1()%(—)
'\__F,/ from scalar vs 4T mg
fermions loops Quadratic divergences cancel out,

only logarithmic ones remain !

= New particles masses should not be much higher than TeV

= Can be produced 6n-shell’at the Tevatron/LHC! (direct searches)

29



The MISSM 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:if tanf =Bh A |, om-- 1rge tanp regime appealing
= EW breaking: 5 physical states
- h/H and A
-HY H

o Attree level, Higgs sector described by M, and tanf3

= M, M, and M, related M, and tanf (tree level only)
= There MUST be a light Higgs boson M, < 135 (150) GeV/c?.

Higgs @TeVatron, LAPP, F Couderc 30



The MISSM Higgs sector

* 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
ﬂ{SUSY — 1000 GeV. No-mixing scenario Maximal mixing scenario
IR X, =0, (Mg =2TeV) X, = 2.45x M,
o= =200 GeV, .

140

My = 200 GeV, S _

; / w 120 _E

Il_lh — J/th:. LD : g

msg = 0.8 ﬂ{SUSY : — m: _
=

2=}
o
T[T TT11

Sign of u is usually varied

[<2]
=

Higgs @TeVatron, LAPP, F Couderc 31



- h/A or H/A or h/H/A are degenerated in mass
- A (+ h or H) coupling to down quark enhanced by tanf3
only 2 decay modes available for neutral higgs !

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

= Ifm,, <m_, BH*—>1v) = 1

2008 e gan = 10 10 2
180[ tanp=30 |- m - 10°k- 55
L 60 [r—— 1048 ' _ "
- lﬂ-:. dd ccC
140 1058y
:Mﬂr il L L .-.....!‘ IUT E+E
120 ' M A 10®
- aximal mixing 10°F - tanB =10
Loo§ e scenario 10717
- | I TN TR SN IR TN TN SN NN SRS SN S NN SN S SR N SR SR S
100 120 140 160 180 200 1071 100 170 140 160 180 700

Higgs @TeVatron, LAPP, F Couderc
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Searches for nesutral Higgs bosons

LT LT[0 I OO, ) If tanp >> 1
.
M WA 0 B(d—bb) = 90%
o SR R
g 00000 g o000 t/b

0 (pb)

Higgs @

Susy : h/H/A =
bb out of reach
(QCD background)

Tevatron, +'s = 1.96 TeV, SM

Both h/H/A —bb and
h/H/A —x  possible
---> 1 additional b-jet

Tevatron, 's = 1.96 TeV, MSSM, tan[3=30

g f
TE SM e 10 zi =
10 Production Y E
4 ggt+bb—H 7 é
10 'i—
= MSSM
10 L .
- Production
10 '35—
£ tanf =30
T0 . !
a0 700 200 300 400
90 100 200 300 400 M, (GeV)

M, (GeV)
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First search by CDF Runl data : 100 pb!

search for bh->bbb: looks like to be the golden

The very first try

channel to discover a susy Higgs at the TeVatron.

; 5 40
N m&\\\\\xx\\xx\\\ S

0
75 100 125 150 175 200 225 250 275 300

957% CL

100 e
S CDF Excluded Q[ »
90 at 95% C.L. = - - 0.1fb
O 140
] ~ | 2 fb™
] 1o0[ LEP
/' Phys. Rev. Lett. 86, 4472 (2001), L excluded

* 100 5 fb™

Maximal Stop Mixing f 80 =

------- No Mixing ] i

60 -

M, (GeV/c) 20 Exclusion curves
FIG. 3. CDF 95% C.L. excluded region in the parameter space —— o o o
my-tan 3 for the two stop mixing scenarios: no mixing (dashed 0 | 1 ! ! | ! ! ! | ! !
lines) and maximal mixing (solid line). In all cases mg = 100 200 300
| GeV/c? and m, = 175 GeV/c>. Also shown is the LEP ex- 2
clusion region for the no mixing scenario [17]. MA (GEV/C )

Higgs @TeVatron, LAPP, F Couderc
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Neural network ID

3 types distincts de Taus

» T TRK + CAL

Typel _—
S
-
v T
_-T T  no TRK,
. 1. but EM
F .
; L . sub-cluster
e 2 » p™ \ B
t_' .L'ﬁ.‘_‘ i
~a = TRK + CAL
LY
T
_w TF >1TRK +
Type3 — _n# wide CAL
_*_'.{-F—“"_" " ‘ cluster
T: _" . — I
.
V T
Jet-Background Y =21TRK +
o - wide CAL
/J-,:_L,__,_-—:-:___,. s > cluster +
q&— . g° EM sub-

s cluster

Performance for p, [t]>15 GeV :

jet rejectection rate ~40
for a t efficiency of 70%

An additional tool: tau-tagging

D Run I Preliminary

§ T Wi

197E Type 1 — jet data

Il
Lo ] 0.5

Ta'u Tvpe ‘ 1 2 3 L D2 Hun 1 Preliminary NN
Reconstruction 2ok TvDe 2 < nre
Jets | 15 10 38 : YP et data
Taus | 91 50 20 '

NN > 0.9

Jets [ 004 02 08

Taus 5.8 37 13

Higgs @TeVatron, LAPP, F Couderc

D= Run D Praeliminary

ol Type 3“7
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Experimental signature
- 2 iso high p_ leptons
- opposite charge
- small missing E,

- 3 channels: u-had, e-had, e-u

1C°FDY, 1.0f5' ® Data (a) ¥ D@, 1.0 b’
, EHT CJzomw et

B Multijet
107 W + jets

Other EW + it
== 077, 160 GeV

2

Visible Mass (GeV)
Higgs @TeVatron, LAPP, F Couderc

1 fb'

® Data (b)
CJzow
B Multijet

W + jets
Other EW + i

0 60 80 100120140160180200220240 0 60 80 100120140 160180 200 220 240 60 80 100 120 140 160 180 200 220 240
Visible Mass (GeV) Visible Mass (GeV)

Searches for h/H/A—~rz

Backgrounds
main Z—1t ,
QCD,

L—ee, -,
di boson

D, 1.0 b’ ® Data (c)
eu CJzow
B Multijet

W + jets

Other EW + tt
=mm 77, 160 GeV
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Experimental signature
X N_< 5high p_jets

jets

at least 3 b-tagged jets

Improving sensitivity
- split sample into
3 sub-channels:
* 3 jets (most sensitive)
* 4 jets
*5 jets
- keep several jet pairings
- combine several kinematic
variables in a Likelihood to:
*increase s/b
* define a control region

Higgs @TeVatron, LAPP, F Couderc

probability density function

0,1:\I\I\II\III\\II\‘II\IIII\III\l\I\\‘IIII‘III\
— D@ data
D@, L=1fb" — bkg exp.
0.08- ' B heavy flav
3 jets exclusive — Higgs signal

( o
e o
(S}
RN R A
\II\|IIII‘\I\I|III\‘HII|III\|HI\|II\I‘\I\I|I\I\

Searches for h/H/A b(b)— bbb(b)

1 fb?!

Backgrounds
QCD multijet
ccj, bbj, bcc, bbc, bbb (+ nj)

Control Signal
region region
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[}Lf! = Ilh

— Normalization:

Components:

ljeth | T*

il

* Theoretical ¢ have large
errors... useless.

Event= £ 10 [GeV] o

. B i
° Only SenSItlve to Shapes B 1m 150 20 240 3 340 4o W0 151 200 350 300 330 40 bjj
.. IIr=£|~1|juL1| | GeV ] ||1=E|'l||j:u-| [ GeV ] '
- Composition: - — B
. T D, 1=1 b :
* From data: using : . W
several b-tagging 3jetb he
operating points tagged M i
g B
- S h a pe S : ELEI 100 150 200 230 3o0 3% 400 Ii;-lll oo 1% 00 25D 300 30 400
He=Y pliets] | Gev] He=Y g liets] [ ey ]
» Data + MC 2 L
c‘Jh{Ipf (11[ }LH)
> Shapet? (MY, iTog % Shapelate (MY
1 pJTa.g( LH) S/’E{IPF ;&i’f_{’ag( M. }LH) ! ZTa.g( . LH)
3-tag data correction from MC data (signal neglibible)
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Searches for h/H/A b(b)— bbb(b)

o DO, L=11b" U i o
E a) 3 jets exclusive _:i:g:ound:g IJ":' |§' L L L L
g High-mass D E [ EEEE NN NEEEEEEEEENININININENENEENE
= . heavy flavor _E U [ B
2 e i -

E <_Control —— lU'Noéxcess obsérvad

1 region - as expected

| N 10 &
100 150 200 250 300 Mbb?é)ev‘,c;i)ﬂ E

10 ]0] T T T

DO, L=1b" 4 podim

T T 1 T E ig _E
‘5" 700 Dg| L=1 fb _I_ D@ data —; E b) irje':s echL;sive — background
= - . 3 ° igh-mass E .
2 600 a) 3 jets exclusive  ___ background 3 5 I ey favor S| 9 n a.l
S 500 High-mass D = E
pad . heavy flavor 3 = 3 .
g 0 = region
£ 300 — E
'% 3 J_fl | .J|. |++++++++ et e
& 200 = ot +T E I TR ——
— “E ; } | ; ; v
100 = DO, L1 b +DOdata 3 Tt
: : 4 — 2 1205_ C) 5 jets exclusive — back mund_E f- N OE N N N N N E N . -E
40E- = ‘3 100E" High-mass D 9 = 2
30 5 _§ = ; ‘I‘ .heavy flavor 10° 2 H
S 1 1 52 g sigmas
E = 3,% E E 10°
o | J--I-'I'H‘|' PSS I _e
10 T = E 10° ¢
-205:—|— +'|' :5 2E + + E 10,57\\\\\\\\\\‘\\\\\\\\\\\\\\\\
-30E E A ta, + — 00 120 [0 160 180 200 20
40 I 1 1 1 | 1 5 o + +T+ ‘IT o E my
50 100 150 200 250 300 350 400 SE . ‘ . . ‘ e
Mbb [GeV}’-C 5 100 150 200 250 300 Mbb?é]e\”c;][)
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MSSM translation for both analysis

Two effects must be accounted for:

1. The production cross section enhancement depends on the
details of the MSSM scenario beyond LO. MSSM/SM enhancement
factors are computed with the help of FeynHiggs (model dependent)

2. With increasing coupling to b (ie tanf), I'; is not negligible anymore

max mixing, u=0 GeV
tang 40 : F =5 GeV
........ tanB=60 : F =12 GeV
tanp=80 : =22 GeV _ _ _
------- tanp=100 : ' =34 GeV Jx——— | Analysis level: the width is
e e weighted combination of
mass MC.

=80 —T00 20 406018000
mass spectrum (GeV)
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Dzero results: bbb vs Tt

H{ Both Dzero results with 1 fb
~ D@, L=1i"] No Comparison

No-mixing, u = +200 GeV

excluded area

= SRS I " Observed limit-
— Expected limit -

-Mmmm _ Bl LEP 2

20 100 120 140 160 1m0 =oo oo 100 120 140 160 180 200 220 240

m, [GeV/c?] M, (GeV)

208
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Perspectives




Expected exclusion sensitivity

Assumes two = 3-5 Evidence

experiments

-
=

* N A 5010

"éffﬁff____ﬁffffﬁffﬁfﬁffr 2009

additional

improvements

Analyzed Luminosity / Experiment (fb™

I :
|

1 —I—'r"'l""r'"1""r"'*"'l'"1""1"'1""!""|""1""r"'1""r""I""r"'1'|"|"'1""l"'1""|""r'"1""|'"'1""r'"1""r""l""r'"1""r""l""

110 120 130 140 150 160 170 180
m,, (GeV/c?)

By the end of 2009 (Physics at LHC?), Tevatron might allow only
SM Higgs between 118 and 145 GeV
If the Higgs boson (exists? and) is light, will be hard for LHC as well!
= LHC/Tevatron complementarity H-> y vs H> bb

Higgs @TeVatron, LAPP, F Couderc
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Assumes two
experiments
+
additional

Improvements

Higgs @TeVatron, LAPP, F Couderc

Expected discovery sensitivity

.".""'"".""-.""-"""'"""""""""".'"".".".".".""v"""""-""""“\; .............. — 3_0 Evidence

:DﬁxzsehSiﬁVity'.PrOjecti.on"": ..............

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

"""" 3-0 Evidencex1-G-

10
2010

____________ 2009

Analyzed Luminosity / Experiment (fb™)

T -

e egpeeegeesgeeeefeegeeeapeee e e e g eespreeee o eegere e segeeedeesegeegoesopecegeechcegees cenee g enshesegeeeepenegeenepens

110 120 130 140 150 160 170 180
m,, (GeV/c?)

A little bit of propaganda:
With luck 3-sigma evidence is possible

over the whole range!
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Projections for full 2010 data
set (2 experiments)

Large mixing, small u \

DY ¢—1t Projection
% B.—up at 8 fb

k.

III|I|II|IIII|I-I|IIII IIIIIIIIIIl

tan

Anha ysed L
—— Analy sedlE
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ghnulrnulunl

N
M, (GeV)

Higgs @TeVatron, LAPP, F Couderc

MSSM Higgs

* bbb search interesting

but not very sensitive
compared to T

*1 b (hb) in preparation
* no combination has

been done for now,
neither internally nor with
CDF
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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 7/8 fb! ? .

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

La quéete du boson de Higgs
commence seulement au TeVatron:

- tous les canalixsont analysés sms s oo wwe | 1omr
- les sont en place RS
- des encore possible:
, b-Tagging (Layer & a DY),
améliorations des analyses (ME, NN), D'ores et deja atteint le domaine
amélioration de l'identification dessleptons.... interessant'tan - 40,(MSSM)
ﬁi Une surprise est toujours possible !

“Difficile de trouver un chat noir dans une
piece sombre... surtout s'il est ailleurs.”






rl->garngarm

DO, 2.27 b’ preliminary

* data
QCD vyy

v

]

Z/y*->ee

- signal(M=130GeV)

il

300 350 400 450 500
M, (GeV)

10°

-y
(=)
N

Events/5 GeV
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rliggs signal sirnulation

Higgs signal: SM signal generated with pythia
Use NLO SM cross sections from MCFM
Reweight pythia evt using MCFM kinematics
SM --> MSSM enhancement computed with Feynhiggs

— MCFM: NLO
= Pythia: LO

_ PDF

| 1. reweight vs n[b]
%, (higas) 1EeviEr® 2 rewelght VS pT[b]

::T-"‘ - Separate hb and hbb channels

.
— MCFM: NLOI =

— Pythia: LO
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Legend
—— bbj vs bbb compo
—— bbj syst

L3 IP syst

— MC kinematics

b effi syst

— b jes syst

3 jets exclusive
050<Y <100

n.a

]

IJ.;

EﬁIZ]I — IHUH
M, [GeVic']

4 jets exclusive
060< Y, < 1.00

Lo i i i | g i L ¢ i i i | L a _d

5 jets exclusive
0.50 < ¥, < 1.00

e L 5 g L o 5 4 3 | 5

-~y
i

LEx] 150 ¥ 250
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Results in the m,, max scenario

* CDF released a result for 05% C.L. uppr i COF Run | Preiminary (9800
summer 07 e —
* Much better sensitivity at G . 10 W Pt

=

m, "™ scenario with 1 = 200 GeV

Dzero with same lumi n

excluded area u EIPEE[Ed ||['|"||t
208 - . expected limit
B foband

—  observed imi B 26 hand

50 100 120 140 160 180 =200 2=2C 100 12[] 'MO 16[] 1&0 200

m, [GeVWV/c=]
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