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-Top
- Electroweak
-QCD modeling & PDF
-Higgs
-Search
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La suite est dominée par les résultats TeVatron
seul a prendre des donnees en ce moment
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Physique avec le top: de nombreux résultats

What We Can Learn From the Top Quark

e Questions * Measurements 1n this talk

What 1s the Higgs ' Single top cross section
boson mass? Constraints on Wtb couplings
Searches for HW —ith, t—H'b

Do we understand heavy
Search for FCNC

flavor production in QCD?

\\./' Top quark pair cross section
Are there more than ‘ ,r;. Top quark mass
three fermion generations? //, Forward-backward charge

/ asymmetry
Are there new l /A

: . = M distribution
massive particles? / ~—\
Search for ¢ quark
Do all quarks have [/Aagng V" boson helicity
the expected couplings? Top quark branching fractions

34t International Conference on High Energy Physics
August 3, 2008

Résumé ICHEP 08




proton - == o

Production de paires de top

DO Runll -- preliminary E SERE  July 2008
» - L
I":IIE’: 1& dilepton & tau+lepton HeH 7.83 iﬂﬂ? fE_E; 2048 pb
I+jets {b-tagged & topolagical PRL) i 7.42 +0 53 +0 46 +0 45 pb
0.9
I+jets {from B{t—WbYB(t—-Waq))* P 8.20 :g.gé tg'géﬂ'-ﬁ” ph
1.0f ' '
All jets dlepion iy et 7035 ER R
0 ‘ I+track (b-agged) #5409
‘ H—e&—H 54 "9 o2 03 pb
44 /O 10 ﬂ;}" 4 =048
tautlepton (v-gged . 732713120 0p
221
tau+j&?:s (b-tagged)” ! = i 5.1 42 b7 03 pb
0.4 b
alijﬂtsl[n-taggcc:L PRDY 2 i 4.5 :J_g i::: w03 ph
04~
C h a n n e | S (stat) (syst) {umi)
Wlth tau'S M., = 175 Gav Cacciari at al.,JHEP.mm. 068 (2004)
Moch and Lwer, arkiv:0804 1476 (2008)
1| | Ll
(0)
22% 0 2 4 6 8 10 12
o (pp —tt) [pb]

e v o(@Ep—IM=78+05+0.6+0.5pb

I o
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Single top

* production électrofaible: single top

«. S-channel

W+

iq b

Ivbb final state

CDF |l Preliminary 2.7 fb'1

. “~t-channel-*
> lere evidence en 2007 @ DO et CDF "
° Update 2008 de CDF avec x3 de stat "
b i
Tevatron Single Top Summary . b
Ivgb final state
Likelihood Function: !!DF 20+ 0.9
(2.7M") 08
Matrix Element: COF @ 274 08 N 3002"3 zots
{2}‘.1)-1) =07 E B
@
Neural Network: CDE 21+ 0.7 |.I>J
(2.71") " 08 3 200
L)
l—.—l v
Decision Tree: CDF 0.8 E—]
271 2.4+ 07 'g
B ° S 100
Decision Tree: DO 490+ 14
09 17) FT 44
Matrix Element: DO 4 8.+ 16 0
(0.9 b7 14 -1 -0.5
Bayesian NN: DO 4‘4+ 1.6
09 17) ‘ AT gy
£ Swlfivan, BRD 7O, J1400 2 ¢2004)
| |
0 2 4 3]

Single Top Production Cross Section (pb)

[l single top
Mt

I wbb+Wce
B Wc

Il Wqq

[ Diboson
[ Z+jets

[ Qcb

« data

0 0.5 1
NN OQutput

MC normalized to SM prediction
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proton

Mesure de la masse t

mind

L 4 . [ Pt t-
> Méthodes « classiques » antproon 4
@ N — 1 — e - T 7
Matrix Element p (7, M, JE Sw,/ﬂﬂ) flg1)f(g=)v W) dg1dgs

Transfer function
from true y to measured x

Differential cross section Proton PDF

° Template  sur  des

- . e . 0.14—~ CDF Run Il Preliminary
gg:::::if:s Clnemathues r‘1_;1.1.1 2 !T: 45 Galic2 Mass of the Top Quark (*Preliminary)
= 0. I . @
;': u; d S:z: oo |coFa . 167.4+10.3+ 4.9
00 ) @205 Gevic®| | Do-ldi 168.4+12.3+ 3.6
EM. CDF-Il il 1712427429
. . 0.02 Dolidi 174.4+32+ 2.1
[ | N J . —e —
Hlstomqu& L COF-11+] 176.1£51+53
. 4 [ 4 ev/c -—-—‘——-
> Hiver/étré 2007: AM =118 GeV e OV D0-| 1+ 180.1+ 3.9+ 3.6
, | - -
> Hiver 2008: AM =:1.4 GeV oo & 722210213
s Eté 2008 Do-llaki o, 715%15£15
€ M_ =172.4 + 1.2 GeV | +0.7% ™"" 1730213217
> plus de stat __to Tal S
plus ae sTa P COF-lallj 186.0£10.0 £ 5.7
> meilleure compréhension des systématiques ‘COFIlall S 1769+26+33
grace a la stat CDF-l trk 175.3+ 6.2+ 3.0
> mais difficile d'aller plus loin dans le futur. ‘Tevatron Juiy 08 172.4+07+1.0
> Jet Energy Scale upto NN oo
b-Tet Energy Scal 0w 0w w0 a
* b-Jet Energy Scale

150 160 170 180 190 200
; . m_ (GeV/c?)
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D@ Preliminary, ~1 "’[-.1

Moch and Uwer
" | ——— DO I+jetsidilepton/i+tau ~1 fi'
] §8% CL contour
% world average op quark mass

E /,'.""

NLO+NLL cross section:
M. Cacciari ef al. (2008)

me=167.8 £5.7 GeV

méthodes
alternatives

on (ph)
|-°I=.Ilﬁ=

it cross section
jor g
T |I}'| TTT I T

iy
IQ

Mass from cross-section | .

8t :
i Approx NNLO cross section:
- S. Moch and P. Uwer (2008)
6}
T TYTT TETITT . A TP e i nmy = 1696Z|354 GGV
150 155 160 165 170 175 180 185 190
b deCGY '8"91"‘\ top quark mass (GeV)
Jet ) . _ g
CDF Run Il Preliminary (1.9 f7) CDF Run Il Preliminary (1.9 i)
% e ' B ttbar 6 - 8.2 o Em
i [ Other = 0
L =32$TDF 1 -}umz E
B oD
Secondary vix L 1] —e— data ] 05
« S Prob 043 LB
displaced tre 0 s
» 3
i nEr L
0.5

LA L0 1500 Q60 LT IS0 D T TI0 T3
Top Wlass [GeV /]

Lepton Pt / me=1753+62+ 3.0 GeV

COF Run Il Prefiminary (1.9 &) CDF Run Il Prefiminary (1.9 &7 .
T T Eluarc-samm g Systematics largely orthogonal

[ Cthar

I Single Top to other measurements
[ S
H CC

——tlata

cLepPls [GeV /¢

K5 Prak  DDEE

Currently statistics-limited,
but will be an important
technique at the LHC

)

RIS Z50 300 13 140 150 160 17O 1RO 190 I X100 2
LepPt [GeV /i c] Top Mass [GeV / & 10



La question de la masse du top, toujours d'actualité

: High precision mass measurements require theoretically stable mass
definitions in a suitable renormalization scheme.

» Since the top quark mass is extracted from kinematic reconstruction

of events, ie invariant mass of single top from jets, lepton, missing

energy, [m:* is usually identified with the pole mass.

» |Is this still justified after non-perturbative effects Isu::h as
hadronization, color reconnection, and underlying event modeling
have been taken into account 7

» Moreover, when including higher-order corrections, the pole mass is
not stable, since it receives large corrections from low energy scale
physics ( “renormalon problem™).

INCOoUITIw It Tl A\ A4 11



Z, W, WW, WZ,.....

antiproton

Tevatron Experiments

IChannel Events/1fb!

W—lv 5M
Z—1l 500k
Wy—lvy 32000
Zy—lly 8000
WW-lviv 600
WZ- vl 50
ZZ—lvv 40
ZZ- 1| 6|

proton

<

antiproton

Xe~ 5-20%
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Observation d'un processus rare

Z Pair Production @ D@ (1.7-2.7 fb)

ZZ—llvv channel: new missing E_ % | DD Preliminary 27 16" 'ee” ]
estimator, likelihood to separate g;; githﬁ“
WW background (S/B=0.25) : 02._' R

ZZ—llll: no candidate in first 1 fb-1, then3 ,

candidates in 1.7 fb™ 1 ,

Result 6=(1.48+0.59""" ) pb (stat+syst)

Observation 100 20 40 60 80 100
Channel ZZ-llvy [ZZ-11 [combined | 177" E; (GeV)
Observed Results T
2.5:-1.?'&1"[;?1 HPEFImEITIi S;:;P.::r::m
p-\fﬂ h.l e 4 . 0*10-3 4 . 3* 10-3 2 Il Fredicied background
g
significance 2.7c 5.3¢ 5.7c é,ﬁ
g |
E 1

Effactive Mass of Four Leptons, Gevic?

Résumé ICHEP 08 13



Triple Gauge Couplings

Fits to total cross sections COF Runll Praiminary [ Lat=191’
and differential distributions LA X E Eaterr
for Wy, WW, WZ, Zy, s -
ZZ final states Y/ 2ot By 005
I_| 0]
'11 r -0.05
Unique to hadron colliders: access W o]
WWZ vertex independently from i M
- _U'?- 3 .
WWy vertex (WZ — 3 leptons final state) P e
T 1.5 -1 0.5 0 0.5 1 1.5 2
At
LEP better sensitivity to charged couplings
Tevatron improves on . 1E-CDF Run 1l Preliminary o fLd=19fb
neutral couplings TGC o © =:nx
(0 in the SM), higher E oo =
dimension operators = T q
] signal a
have stronger energy - LEP limit
dependence i I
; iz 1
D 50 100 150 P00 25D GO0 350 I':DD
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Z. W, WW,WZ ZZ......

Cross Sections Summary

All diboson processes e Tev:?:tmn Ii:un Il pr:- at\f§:= ‘1.96:Te"u'
involving W/Z/y observed S a | CDF
i : . a . DO
at Tevatron ..... = 10 | mmmtheory
. % B ; ; H
..... but only in the fully § -
leptonic decay channels § ¢ -
8 10 . o
» g
Both experiments : N
- = ] =
working on selecting =
diboson processes L

with W/Z—jets, large
W/Z+jets background

Proving ground for analysis
techniques for Higgs searches
and theory calculations / Montecarlos



Z Invisible Width (CDF 1 fb?)

Electroweak fits: I‘Z(inv) = (500.8+2.6) MeV
Direct measurement at LEP: I‘Z(inv) = (503+16) MeV

Use monojet events with large missing E_
CDF measures ratio ¢(Z+1jet)*BR(Z— inv)/o(Z+1jet)*BR(Z-Il)

Obtain I"Z(inv) = (466+42) MeV (statistics dominated)

2200
sc00| [T ~— Data [ —e— Dain
o E s 30| Frediction 25001 s B0 Prechichion
1800} — EWH Background — EWH Background
1500:— == QCD Backgrourd s QCD Backgrourd
[ -1
31 - CDF Il Preliminary (1.01b7) g CDF II Preliminary (1.01b ")
i ]
S1200f iscal
21000 Z—vv signal g
@ = @
e 45% of EWK oot
goof = - B, |
_ contribution -
e 500/
200} -FL‘-LLL__:
obd - ' ' Ol : :
100 180 200 250 300 350 400 100 180 200 3510 200 350 400

Leading Jet E;, GeV Missing E; (GeV)
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proton

W mass at Tevatron

antiproton

DO

)

> bientét () mesure dans le canal electron

avec 1fb

CDF

W Mass Precision (MeV)

NB:

°> 80413:48 MeV janvier 2007 0.2 fb™!
> Prospects: AM~25 MeV avec 2.4 fb

T T T LI | { B I T T T T 1T T 17T I
B D@ Run1a(e) Single Experiment Sensitivity
250

200
CDF Run 1a (e+n)

150

D@ Run 1 (e)
CDF Run 1 (e+y)

100

AM,,~25 MeV

/

L] ! !

50

CDF Run 2 (e+u)
10 MeV syst limit

I = 1 1

III|IIII|IIII|IIII|IIII||IIF

g_IIIIIIII]IIlll]III|IIII 71

2 bt

Integrated Luminosity (fpb)

moyenne mondiale actuelle
LEP+TeV => AM, =25 MeV

10° 10° 10!

CDF Il preliminary

Electrons

statistique
de Z,Y, Jly

L = 200 pb™

Muons __ Common_
30 17 17

Lepton Resolution
Recoil Scale
Recoil Resolution
u, Efficiency
Lepton Removal
Backgrounds

pr(W)

L 0 m W=~ oW

3
9
7
1
5
9
3
11
12
27

events / 0.5 GeV

1000

500

{ M, =(80349 + 54,,) MeV |

v*Idof = 59 / 48
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W mass & CDF

COF Il preliminary I Lt = 2.3 fb

ﬁ; I "'-'-L
= 0.1 <{1/ph) < 0.15 (GeVic)”
% 6000— I - data
objectif AM~25 MeV avec 2.4 fb™! S [ oameeCenn) |7 wo
- yordort =™ : !
ok pour la stat et le momentum scale S 4000 [
P =N momentum
= oL scale usingl/
@ 2000/ _H\|j
c _ b PR
MAIS - s | rﬂm
w0 - a2 ,
CDF Il preliminary J.thu ! mll'u' {GEVIE }
. § o M 4 © 2410
New challenge: higher T e Ty 200 pb”
- - i = Ty
instantaneous luminosities % ¢ ++";H_
nd larger spread & w0 e
2 30 o
2000t L (1)-70d0% srem? M A
> = LA
w100’ l Mo, F
Oy 50 100 0 200 2s0|
Z — e*e”: Inst. Luminosity (10*° s*' cm?)
CODF Il preliminary IL di = 2.4 fo!
= 1400 —
@ i
(L] [ -F_‘F-I‘;H nst. L < &1 armd + data =
r L o LLL “M;‘”::m —MC Understanding energy
= reelll 2 :".}' - - - -
@ 7 deposits in calorimeter
g e e = -
g g fy (affect missing E
w IEUD_—+ II_Hrd-_;_ "'}T;E-?I.u. Inst. L > 70 10% & cm? . _ T
awof S -f%,_h_’_ P determination through
2000 o i Wi hadronic recoil)
A SIS | ERGNL | M| e

Z—e'e 1L E; (GeV)
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Fit electrofaible

6 = T
A\ - hat if 2
. i — D.02758+D.00035
% % e 0.02749£0.00012 1 whnatir .
A - == incl. low QF data —
YR today m, = 8475 GeV <154 GeV @ 95%cl
g 3 §
2 11 A4 M, 1.2-31.0 GeV m, = 845! GeV <153GeV @ 95%cl
1 - -
| ; | B M, 25515 MeV m, = 717, GeV <119GeV @ 95% cl
0 Excluded /" Preliminary
30 100 3008  for both A and B my; = 7175 GeV <117 GeV @ 95%cl
m, [GeV]
+34 assumes central values unchanged
m, = 384,  GeV
5 maybe possible with Tevatron
0
< 154 Gev @ 95 A' Cl alsoimportant to reduce error on ﬁ“md(M )
[CHEPOS Glokal Electroweak fits and the Higes Boson Mass Pete Renton Jul! Aug 2008

Conclusions :

Mesure du W au TeVatron tres attendu
Mesure de Ao a améliorer
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modeling QCD
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PDF from Hera

Combinaison des données Zeus + H1 H1 and ZEUS Combined PDF Fit

l L} L] IIIIIII

xt

. (LHC domain)
0.3\ HERAPDF 0.1

- CTEQ6.5M

0.6

0.4

0.2

 Q2=10000 GeV?

0 it _.

-4 ] 3 iy
Improvement most notably at low x i 10 10 10
The data precision is driving the improvement

Treatement of errors and parametrisation issues

April 2008

Grroup

HERA Structure Functions Working

Résumé ICHEP 08
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PDF from HERA (2)

W+ Cross Section

& o

seSeE.

f—

Predictions for W/Z boson production at LHC

Without HERA Data

2r

HERA | data (one experiment)

i
[ T

|
1 0 1 1 31 4

W rapidity

Only the fit uncertainty shown here, no model variations
The step in experimental precision is significant ~2%

More HERA data to be included:
low Q2, HERA Il data high x/Q?, jets => ultimate precision

A.Cooper-Sarkar and E.Perez
HERA | combined

HERAPDF 0.1

Résumé ICHEP 08
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D@: Zp_ Distribution Comparison with NNLO

Above 30 GeV Z p_ distribution perturbative calculations

describe the data better than the form factor approach used
in the Resbos generator

NNLO calculation describes the shape, but not the
normalization (rescale cross section by 25%)

;;__,“‘ 10'1E‘ D 0.98 b’ -~ ResBos % - D@ 0.98 fb
5 10-2é — — ResBos+KF £ 1f ° ResBos ;
:r 3 | —— NNLO %1 F ResBos+KF : ++
S 10°F ~== Rescaled NNLO Zosk © NNLO Wi,
X - - D@ data @ [ ° Rescaled NNLO E % ¢,+E|’ ! +
§ 10 = 0j""“"““'""#"“*"""#‘**‘##?ﬂ' ikﬂd..i S
T = ok &
10° R [ |
0.5
10°® -
(a) 1T (b)
il R FR R AR R R B el Ll
0 50 100 150 200 250 1 10 10°
Ziy* q, (GeV/c) Ziy qT{Gewc,}

PRL 100, 102002 (2008)
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proton

o

"U

antiproton W asymmetry at Tevatron

du—sW-  ud W+

. : My
o + 2 - 3 2 S — - {.1’ .:--rs" 4
W w W W f:g = il.i .Ir'L.I._' I = l,-"'_ e
ol — of A 8
Aw(y) = 5= w- .
o <= (F u
0.002 < = < 0.8(1)
- antiproton protomn Y""'f
Use charged leptons (2 E; bins) W full reconstruction
n‘z‘ D_E_ o | I T T I TR T | T T I T T T 0 1 | i |
- -~ CDF Run Il Preliminary | L=1b" :
e ok (8) D@, L=0.75 f5' + TR Sy IR ) 3
B 26 ET 25 G E 0.6 . NLO Prediction{CTEQG.1M) -
E | Ei=25 Gav 7 i i 3 1
b o E = PDF uncertainty(CTEQE.1M) 1
T 2 —  CTFOW.A contral valaw h ULE = i : e | ' By . Tt i =
e SIS TS LA central valne B -1
L '_ LTTE A al Dl & : :
: HnCeruilns luas u 4__ __'
_U-H-_ 1 1 el I 1 % B :
— = 0.3 g |
' 5 o
b O "4 .
2 Mt {b) D@, L=0.75 fti' E :|
E E E5-25 OV ; 0 1__ =
=Eh ﬂ:. Ej=25 GaV i K ::
L B : ¥ { .
=L B CTEQAA central value il A 1 1 Loy 2 pogod] gy g o |
=R A=  mmaws SRS TN L) cendrall value l % ﬂ.5 "I 1 .5 2 2.5 3
: CIEL A uscsrisdngy hand
o E‘u s o 0 4 o 4 5 | 5 5 p ¢ By op s 1+ 5 5 o 1 5 5 1l 4 |ywl
] .5 1 1.5 2 2.5 E]

Eletron peeddorapidey Expect to improve PDFs improvements at high x



The gluon at high x

MSTW 2008 analysis (including CDF and DO run Il data jets, W/Z asymmetries)

Gluon at Q% = 10* GeV?

A —
=

—— MRST 2001 NLO
"""" MRST 2004 NLO
---+=-- CTEQ®6.6 NLO

1.1

MSTW 2008 NLO (prel.) T !
'IJ'|||||||||| ‘

e 9 9
~N ot

Ratio to MSTW 2008 NLO (prel.)

G. Watt, DIS 2008

e @
o

=l
‘:L T

New data prefer smaller gluon at high x
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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
¢° b o°
:\ / o Ul
b tanp b & e i
10 CTEQSM
i 1
channel: channels: .
. bbbb 10 -
bbttt 07 =" E .
16 — Hy,,bb
10"
10~
80 100 120 140 160 180 200
M, (GeV)
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tan B

SUSY Higgs &

a grand tan(beta)

MSSM Higgs — 1t Search, 95% CL Exclusion

CDF Run/ Il Preliminary, 1.8 fb'

no mixing

u>0 _

no mixing

100 120 140 160 180 200 220 240
m, (GeVi/c?)

b
p| =
b

channel:
T

Commence a exclure des zones interessantes:

tan(beta)~ 40 ~ M,/M,

Pairings /10 Gevic?

- ¢°

channels:

bbbb

D@, L=1 fbT ~+ DG data
a) 3 jets exclusive — background
E L B heavy flavor

M, [GEW::E]

D@ Preliminary, L=2.6 flf:c1
m, max, p=-200 GeV 7
gb — bg

ed at LEP

| [ ] Excluded Area
L Expected Limit

1 |-|__|-_| I _______|_| T+t "4++r ]

f ]
80 100 120 140 160 180 200 220
m, [GeV/c?]
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La physique du B a la recherche du Higgs

e Implementation of 2HDM (Type-II) as first extension of SM

o 2HDM (Type-IT)

» additional Higgs doublet
» one doublet couples to u-type, one doublet couples to d-type quarks
— M. . My, My, My, Tang, [al

> 6 free parameters

e so far: only looked at processes sensitive to charged Higgs

— M, Tanp

observable input value exp. ref calculation

Ry’ 0.21629 + 0.00066 st lao08 | Phys.Rev. ez, 015011 (2000]
BR (B—X_y) (3.52+0.23+0.09)10 [HFAG, latest update] [M. Mis(i;;ll( ngz%lézp(hggdsﬁv' Lett.
BR (B—1v) (1.41+0.43)"10 [HFAG, latest update] [W.S. Hou, P(h];;sg. SR)]ev D48, 2342
BR (B—pv) >1.7106at 90% CL [HFAG, arXiv:0704.3575] | [W.S. Hou, P(F;;;SQ :I;e]v. D48, 2342
BR (K—>l-lV)/ BR(’E—)HV) 100410007 or)Eli:\I/C;lc\)lgi?)']\l_?gI]7] [FlaviaNet, arXiv:0801.1817]
BR(B—Dzv)/ BR(B—Dev) 0.416+0.117+0.052 [Babar, Phys. Rev. Lett [J. F. Kamenik and F. Mescia,

100, 021801 (2008)]

arXiv:0802.3790]



2HDM fit: fit results

e Overlay of individual 95% CL
excluded regions

> assuming n, =1 and 2-sided limits

e Combined fit:
> excluded area depends on
assumptions (n,.=1, n,.=2)
> resolved by MC toy study
> 2-sided limits
w x2...=2.3 at M, ;=850 and tanp=10

e Excluded at 95% CL:

> small tanp

> for all tanp
OM, < 240 GeV
M, < (8.6 tanp) GeV

>
@
S,
T
=

M,. [GeV]

fitter

700\\||‘\|||‘\| T T
- 2H|E
95% CL excluded regions IE
600 B R
Il B (B— X.v)
I B (B - tv)
500 1 B(B— Dtv)/B(B— Dev)
— =B(K—>p)/B (n—pv)
a0l T B (B - nv)
122271 combined fit (MC toy)
Y
300 [
200 [ENNEEEEE———
100 CRENE e
10 20 30 40 50 60 70
tanﬁ
700 T T T T ‘ T T T T ‘ T T T T | T T T T T
|:| 68% CL exclusion from MC toy
600 [[] 95% CL exclusion from MC toy
[ 999% CL exclusion from MC toy
500 - === 95% CL for Prob(sz,ndof=1)
— 95% CL for Prob(sz,ndnf=2)
400
300
200
LN, preliminary
10 20 30 40 50 60 70
tan



Standard Model Higgs at the Tevatron: main channels

For M, < 130 GeV / For M, > 130 GeV
\ N/
° pp->WH -> Wbb 6N > gg->H->WW* \-* /
* ev bb, uv bb: \;& °  evev, uvuv, evuv .
> 2 b-jets ~ 40 GeV > 2 leptons ~ 40 GeV Z,
> 1lepton ~ 40 GeV E_~40 GeV s E.~60, Y

° pp->ZH-> Zbb > small Adp(I+I-) (H is scalar )
* eebb, uubb

/)
2brjets ~506ey ) E | PPH > WWIWE y
) -jets ~ J ° eetiit eutiie eiisvy -
® 2 leptons ~ 406eV \ JJHVV , epr)rvy, purjjrvv

> E, ~40 Gev \*
> v bb: & . Lo
s 2b-jets ~506GeV & 2 leptons of same charge ¢/

o B, ~60GeV S

vT

Analyses Higgs de plus en plus sophistiquéees:
1. multivariate discriminant(s):

Neural Net, Decision Tree, Matrix Element
2. contenus en quarks b
3. multiplicités en jets
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M, <130 GeV

Analysis Lum | Higgs | Exp. | Obs.
(fb) Events | Limit | Limit

CDF NN 2.4 1.8 11.8 | 11.6

CDF ME(120) 2.0 1.4 15.2 | 11.8

D@ NN,BDT 2.3 2.0 12.3 | 11.0

Sl Jf T b ety @151
:‘35"2‘ ‘(') E Analysis Lum Higgs | Exp. | Obs.
§ o ? =i (fb)) | Events | Limit | Limit
< B E CDF NN 21 |73 63 |79
- - D@ BDT 21 |37 |84 |75
£ . :“ Iiant nzllsaoss (Ge\?;m i
ol =Rl APl L2 T EEM Analysis Lum | Higgs | Exp. | Obs.
' me (fbl) | Events | Limit | Limit
B 2 ,‘F i
g ol i CDF NN 2.7 |83 58 |5.0
& sk CDF ME+BDT 2.7 |7.8 56 |5.7
§ 0] D@ NN 1.7 |75 85 |93
5F b
. ; - NB: limit=c(excluded @95%)/c (SM)
-1 -0.5 0 0.5 1

— ME+BDT 2tag

Résumé ICHEP 08 32



10

High mass Higgs

9 I

M, >130 GeV

* Mise a jour avec le maximum de stat = 3fb! du (golden) canal WW

0 Jets HWW M, = 160 GeVic® J-L-B-.th'1
i =N =
W "o
O
- - 7V
§ | e
k-
o . \-/
Spin correlation: Charged leptons
|
go in the same direction
25 3 Both experiments
AgdID .
—5g re) Approaching
T PO e ! Preiminary -ggas;ﬁ?:” SM sensitivity!
« TEH % — Analysis Lum | Higgs | Exp. | Obs.
R == L (fb) | Events | Limit | Limit
| —
40 CDF ME+NN 3.0 17.2 1.6 1.6
20 L D@ NN 30 |156 |19 (20
g 0.5 0.6 0.7 O.'B—| Oi tout
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T
Combinaison SM Higgs du Tevatron

Re(d)

» Low mass combination difficult due to ~70 channels
+ Expected sensitivity of CDF/D9 combined: <3.0xSM @ 115GeV

*> seule la combinaison haute masse mise a jour:
° Premiere fois que le TeVatron est sensible au Higgs standard.
* Exclusion de la masse 170 GeV @95% CL, . Pas d'intervalle exclu.
> A 90% CL exclusion de 163-177 GeV.

Tevatron Run 11 Preliminary, L=3 !

=
E -----
E
5 E T‘-i"\“atfin Il{langgglimmafy ]-CLS?Obser\}ed d 10 -
- 11:_ ................... —- ..... ..... ....................................... : : EQ -
B Expected £1-0 T
E = Bxpected 26 7
95% CL. 1
0.9 — 90%CL :
: 3 July 30, 2008
03 W 155 160 165 170 175 180 185 190 195 200
_ : m,(GeV/c™)
0.7

155 160 165 170 175 180 185 190 195 200
mH(GeV/cz)
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LLR

Directe+indirecte

> La recherche directe de Higgs au TeVatron™ peut &tre combinée aux
mesures électrofaihles

o T T T T Y] 10 = T L T T T T T[T T T [rrryprTog
|/ 4 : ;- = | Id . =
- : = (3] £Z B 10 e K i
[ Tevatron Run 11 Preliminary LLR, 2o N S S S N -“’j 36 < o POYL i\i 777777777777 Sk T T A ,mi 36
gL L=1024 0" LLR; tlg e 3 - E 8 ' N ]
- - LLR e ; E 8 g E
& -+ LLR¢p 718 2 = 70 g E
C —LLR,, t 3 - = 2 B
F 6 3 - 6= 5 -
4 : g - c o g
5P = = 50 - — Fit incl. theory errors —|
2 - W /L R . Top wmmm gk o] Fit excl. theory errors 7, -
+ E z — E 7
E eory uncertainty - : Direct Higgs searches ]
....... 25 — Fit including theory etrors — 2 b [ 42 interpretation E
2 E ---- Fit excluding theory errors = E 5 []CL, interpretation =
E : | ‘ i | VEETN S anr AT Y 157 h’;.;'f;'" ”””””””””””””””””””””””””””” — o
110 120 130 140 150 160 170 180 190 200 oE T S R R B P N O A N A AN VIS S
my (GCV/CE) 50 100 150 200 250 80 100 120 140 160 180 200 220 240 260 280
M, [GeV]
ICHEP 2008

Impact of Tevatran Higgs Searches

B — Indirect + LEP 2 + Tevatron

Indirect + LEP 2

008 14 ¥ 1168 GeV | 190 GeV (indirect
: | & lower limit,
8, i, * La recheche directe au TeVatron
: contraint les hautes masses.
s M, <146 GeV @ 95% CL

_ résultats du
a T gy T gt TR TG Rt T evatron du printemps 2008
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H+Boson vecteur au LHC

o
2 1500

« Example: ATLAS Physics TDR:
(1999) 35
— Poor acceptance

T
— Cuts introduce artificial mass
scale into the background

— Top anti-top has a similar mass
scale

— Large combinatorial background |
« Signal swamped by
backgrounds

— “very difficult ... even under the "
most optimistic assumptions”

Events

1000

=

m.z (GeV)

......... Background
— Signal + background
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> L'astuce
By requiring that the Higgs and Vector Boson have a high
transverse momentum, we lose a factor of ~20 In cross section

— However, much of this would have failed other analysis cuts anyway

— Background cross sections fall by a bigger factor (typically t-channel
not s-channel)

> Le probléme : La reconstruction standard ne voit qu'un seul jet

Résumé ICHEP 08 37



Improved subjet analysis

all jets, default R = 1.2

Résumé ICHEP 08
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> [GeV]

90
705
50

307

20
10

Improved subjet analysis

—

Hardest jet, pt=246.211 m=150.465

—_—

s
-

O.15

O.008

0006

0002

200 =« py= = 250 GeV

80 100 120 140 16C

my [GeVW]
200 = pyz = 230 GeW

80 100 120 140 16C

mpy [GeVV]
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=] & WO
= o o

=1 ]
=

tn
i

i
i

;o o

Improve

d subjet analysis

Rfilt=0.3

o155

200 = Py = 250 GeVW

o1

— e —— L L | ]

o008

0005

0002

o

80 100 120 140 169

mpy [SSeWW]
200 = pyz= = 250 GelV

80 100 120 140 164

mpyy [SeW]
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Improved subjet analysis

200 = py == 250 Se

A
|II I'I

| A

J'! \ :

80 100 120 140 160
mpy [GeW]

200 = pyz = 250 GeWV

o155

Final filtered result, pt=227.257 m=117.211

p—

e I e 0.1

.05 F

o008 T T T
o006 | -
O.004 |- —
o002 [ ~
'\-\.,\____H_\H...--
- . i ===
O 1 1 1 n

80 100 120 140 160
mpy [SGeWV]
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Combined result

L1801 (d) %3‘1_ t » Note excellent Z peak
§15° SNB =5.9 . e for calibration
a0 N 112-128GeV | || ~VV .
0 * 5.9 o; potentially very
G120 competitive
S
$100 » Also, unique
E 80 iInformation on relative
w coupling of H to Z and
W.
40
20|

AN sensibilité équivallente a
G50 VBF H-> 11
Mass (GeV)
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Beyond SM
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Beyond the Standard Model...

The Standard Model: ||Beyond the Standard Model:

The Poincaré group Extend Poincaré = Supersymmetry
and include gravitation (Supergravity)

In a 4-dimensional space-
time Increase the number of space dimensions

SU(3).x SUR)_ x U(1), Enlarge the gauge group = Z', W’
The Higgs mechanism
Alternative EWSB mechanisms

(TC, little Higgs, Higgsless)..

Three generations of | (s and | y
quarks and leptons Relate quarks and leptons = Leptoquarks
Additional generations

Excited quarks and leptons
Compositeness...

J.-F. Grivaz BSM-ICHEPO8 44




Events/Bin

Large Extra Dimensions (ADD):

2 to 7 large (sub mm) EDs
gravity propagates freely in the bulk
KK excitations cannot be resolved

Monophoton signature

In addition to topological & kinematic cuts, q e

CDF uses timing in the calorimeter, and
D@ uses “photon pointing”

40 events observed
CDF: 46.7 + 3.0 expected

CDF I1(2.00fb™) [ 2, Zowy
W= et =y
[0 vy, losty

I Mon-Callision

[0 WiZy, lost efuit
— LED n=4 M,=0.8 TeV

10

40 60 80 100 120 140 160 180
Photon E; (GeV)

Main backgrounds:
 Beam halo, cosmics
* (Z>vv) +v

I CDF Il Jetly + &,

— CDF lly+ &, (207

I CDF Il Jet + £ (1.1 b7
LEP Combined

My Lower Limit (TeV)

2 3 4 5 6
Number of Extra Dimensions

CDF jet & y combination
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G "IVIL. |

q 9
. / SUSY —‘v‘;ﬁ»ﬂa—/
| “- z° Squarks and gluinos e
Strong production = Large cross .

sections
5.

ki

g

oisr

m(gluino) >> m(squark)
2 jets + MET

m(gluino) ~ m(squark)
3 jets + MET

m(gluino) << m(squark)
4 jets + MET

Analyses optimized for each of these topologies

Cascade decays complicate the picture
= a model is needed for the interpretation: mSUGRA

J.-F. Grivaz

BSM-ICHEPO8
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Main backgrounds:
* Instrumental (QCD multijets
with fake missing E,)
* (W—> lepton+v) +jets
(also from ttbar)
* (Z > vv) +jets (irreducible)

~—~600 T |
O LEP2 ¥
> 10°F ()  D@,L=2.11fb" S 500 LEP2
G - Data 7 DO i
o Z = SM Background (7)) 400
f 102 E L_JFitted QCD C A=l Bl y
[ S I U T = P51 B no mISUGRA é
= . ¢ 300 - solution
® 10- " 5
I.I>J : g DO IB \\\_
15 o200 D@, L=2.1 fb! {
) tanp=3, A =0, u<0 S
L b e 100
107 ¢ i LEP
0 50 100 150 200 250 300 350 400 450 500 % Sealihnni ey
3-jet analysis E; (GeV) Q) 100 200 300 400 500 600

Gluino Mass (GeV)



m, , (GeV/c?)

SUSY Trileptons

180

q
* Arise from chargino-neutralino
associated production
» “Golden” SUSY signature but:
- low cross sections (x BR)
a - soft leptons
- taus (at large tanp)
— Combine many final states
CDF Run Il Prelimi nary,JLdt =2.0fb"
Excluded Region in mSUGRA Search for ﬁﬁ _
240 ?
— CDF Run Il Preliminary I Ldt=20fb" Excluded at 95% C. L. {4 g %_ - ~
230/ mSUGRA tan(p)=3, A =0, ;>0 1 = = Search for ;15
- | LEP direct limit ~ Cut Saip
= m(@,), mijig) > m(z,) N 5.-':8 ™ 1,8 | B
220—_m(;?' )= mlz,) 4 m % 1 Drell-Yan
- 1 & = T Il Dibosons
w =
210 -1 = ’
2005_ _:1 B Fi_alt.e leptan
C . — Signal
190— B
- - 3 leptons
&é.,

20 40 60 80 100 120 140
| | L . LIl 1 | | 1 |

2 |
m, (GeV/c’) 40 60 80 100 120 140 160 180 200
Missing E; (GeV)




Extra gauge bosons: Z’

CDF Run IT Preliminary

g

L =25 f"
——data

[ |Crell-Y¥an
mQcD

1 [l Cther SM

5]

Evertak10 Gew!
[=]

] 1] 7 -.'l 10
Miaa) (v}

2.5
tria

events / (3.5 TeV/c?)™"

o with
| factor

100 A0 30 400 00 B0

TO 800 90 1000
Miee) (GeVic™)

M(Z’-seq.) > 966 GeV

(somewhat lower limits in canonical E(6) models)

CDF Il preliminary jL dt=2.3 1"

10* — —— Total background

" — Drell-Yan
| —— Hadron fakes

00—

—— Data

Cosmic Rays
— WWw
—tf

Z’>pup

5 10 )
m;l (c°ITeV)

Plot in 1/m , (consistent with
Gaussian resolution in 1/p;)

M(Z’-seq.) > 1030 GeV

Reminder: M(W’-seq) > 1000 GeV (D@ in 1 fb?)

J.-F. Grivaz

BSM-ICHEPO8
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Isolated leptons at HERA

Isolated Electron

* _ SM process: W+je\
| i P Neutrino ___.-——-r' Jet, P

Excess seen by Hl in

HERA-I e*p data
at high pX > 25 GeV) p—
H1 HERA I e + P;™iss event Not seen by ZEUS (# selection)

Hadronic Jet, X

i‘.

Isol. Lepton, Py

T F':'" events at HERA kIl (e*p, 0.58 fb™)

]
Emi A 84
Now with the full HERA-I+II statistics w |
and two experiments with identical selections: 10}

e*p data H1 ZEUS H1+ZEUS 1 i
P.X>25 GeV | 17/7.1%0.9 | 6/7.5+1.1 | 23/14.6%1.9 I8
H1 - ZEUS consistency: 2o 107 :
Combined significance: 1.8c g

10755020 50 40 50 60 70 B0 80 100
Pf (GeV)

J.-F. Grivaz BSM-ICHEPO8 50



Global (model-independent) analysis

Initially at H1 Now also CDF: V ISTA”
H1 General Search, HERA Il e*p (178 pb™) Categorize in terms Of
] o Dta ey ... physics objects

(] e ... (@DOve some pT threshold) b

IPRRRN o { o | | ) ) ETLE S F— and put events in
+ MMt A .
T AL (ej, pij, yy+MET, bbj,...)

ESLE ey 2T BT R EE Improve SM description by adjusting

a humber of correction and normalization factors

.. -1
F 1 |
1202D Run Il Preliminary (2 fb )

Entries: 399
100—

80—

399 boxes

60|

a0l

Vista Final States

20

51



Then look at a large number of distributions, and perform
Kolmogorov-Smirnov tests to find possible discrepancies.

e CDF Run Il Data

CDF Run Il Preliminary (2 fb™) 3j EPT < 400 GeV BN Other
- GOOOL I [ Overlaid events : 0.1%
3500 Entries: 19650 CDF Run Il Preliminary (2.0 fb ) | Pythiajy : 0.1%
- - ) [ Pythia bj : 3.9%
3000:_ 2 L j3 JZ [ | Pythiajj : 95.9%
o r c
e r
3 F distributions... L
"5 20001 S
B oo &
1500
o] n o]
3 F 3 £ 2000
S 1000 = S
: 3 =
5001 l’

1o

8 10

° AR(j2,j3)
There are some, but very few, and not suggestive of “new physics”,
rather of an inadequate modeling of soft QCD

Once the bulk of the distributions is under control, look specifically at
the high Zp- tails (“Sleuth”), and check for mass bumps.

No more deviations than expected from statistics are found in 2 fb!
(taking into account the number of trials).

A similar conclusion was reached by H1

This exercise can be useful in case something was forgotten.
Otherwise, dedicated searches are (as expected) more sensitive
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Conclusion

* Foisons de résultats provenant du TeVatron. Notamment:
> Physique avec les tops
* Masse du top mesurée avec tres grande précision
° Masse du W tres attendue
> Recherche directe de Higgs exclue 170 GeV
> Recherche de nouvelles particules

> Le modele standard se porte plutdt bien.
° Les contraintes (directes+indirectes) sur le Higgs sont tres fortes

°  Activité de la communauté pour la préparation au LHC.

> dans cette présentation:
® Tevatron: modele pour le Pt du Z, asymétrie du W
> amélioration de la précision des PDF
> La définition des jets

Résumé ICHEP 08
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SM Higgs Combined Limits

s Limits calculating and combination

» Using Bayesian and CLs methodologies.

» |ncorporate systematic uncertainties using pseudo-experiments (shape and
rate included) (correlations taken into account between experiments)

» Backgrounds can be constrained in the fit

s | ow mass combination
difficult due to ~70
channels

» Expected sensitivity: <3.0xSM
@ 115GeV

95% CL Limit/SM

10

[a—
=

2

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

:_""I"'I'I'I"'I""I""I""I""I""IIIII
Al ‘I;,I::P Lammat L, Tevatron Expected
A% = Tevarron Observed
xleoooomees CDF Exp
. 26 - DY Exp
! 0 SM April: hep-ex/0804.3423 et
110 120 130 140 150 160 170 180 190 200

m,,(GeV/c)



Expected Limi/SM

mH:lGD GeV

y 31, 2008 : : :

: : : ——  Summer 2005 Channels
_________________ —  Summer 2005 Channels
: : : — Summer 2007 Channels

—  Winrter 2008 Channels

""""""""""""""""""""""""""""""""" —— 1CHEP 2008 Channels

With Tmprovements
0 1 2 3

4 5 6
Integrated luminosity/Experiment (fb "

Résumé ICHEP 08

56



Other BSM Higgs Searches

s D@: H—yy benchmarked as SM search

> Fermiophobic Higgs

> At lower mass large BR(H—yy) ~10%

> Key issue: understanding QCD
background: uses excellent calorimeter

s QOther BSM Higgs Searches

* WH->WWW (also SM), charged Higgs,
decays to and from top...

s Babar: Av—yy, invisible light Higgs decay
» Photon+Missing energy in Y(3S) decays

» Key issue: e+e-—yy background

» Form,<7.8GeV

120
C D@ preliminary, 2.68 fb'
100— —— data
> o background
Gell [ ] e 50xsignal M=115GeV
o Jﬁ |
N
2 60— ¢ 4+7
[ ) |
g $ |
W 40— AF !
_+__5_
20_ E ------ I
:J I [ premeg ' 1 i--l---- o it
100 105 110 115 120 125 130
M,,
o - I TTT I T s
= F yidf = 22.5/42
Qo C
= so— BABAR +
=~ = Preliminary
2
2 a0 W [
= [ L -
:m:— J' - .} _:
203— N + 6 —f
C .' 'L . '\' 260 ]
o N Ihdt . E
e ,,,,, i Slgnal -
|,'|' |-'| Lo .|h;“|--|--|'r il Tt ST I R S T ] ebded bl TR R l:
Q5 0 5 10 15 20 25 30 325{(}.917 i-;[]
]le
Models:

BR(Y(3S)—yA° = %) < 0.7-31x10® 10 x10+



Prospects

So far sensitivity scales better than /L
thanks to analysis improvments

Including data taking efficiency expect
> 55 fb! by 2009 per experiment
°> 6.8 fb!by 2010 per experiment

Further improvements forseen

> improved lepton identification and
acceptance

° improved trigger acceptance

° better di-jet mass resolution g

° improved b-tagging F
> |ayer O (DO) %
° lepton tag :
® multivariate technics g

° tau channels :

Should be able to cover entire [110-180]
range but [120-145] by 2009

CDF Run II Preliminary, my=115 GeV

25

22.5

17.5

Expected Limit/SM

T T L} T E T T T T { L T T
Summer 2005 Channels

Summer 2006 Channels

Summer 2007 Channels

Winter 2008

With Improvements

TR o R R e TR Lo

— "

—

illl]l.l]l

]

J.]J.J_Jl.

O_LJ.LIJ.I.ll:Jl F
1 2

4

5

- DOx 2 Luminosity Projection .
e PRt le g e i e e e — QR OL (2] | iyt
" Combination of two experiments assumed =~ -

7 = 3-g Evidence -

i' 2t s bl (o4

1 _!_T"'J'“T"'T'"f' A s l"'! £ b s 'f""]""T""f"'T' 25 e

j A v dre | .

110 120 130 140 150

et At klehesl St Lol & ety shet] i
160 170

180

7
Integrated luminosity/Experiment (fb™)

2 2010
= 2009
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a(M,)

a(s)= ()

Aot 2 p [ Rl g
3n dmy (.5 — )

A, =0.002758 + 0.00035

.

I - Ao, (s) - Ao (s) - Aa,,,(s)

EWWG default value — *data’ driven
Burkhardt & Pietrzyk (2005)

also use a more “theory’ driven value
-Troconiz & Y ndurain (2005)

"4

Ao =0.002749 £ 0.00012

| | LER B | | | | |
I Burkhardt, Pietezyk 2005
& =
| :
; .
II |‘
|'i"l :
i | ‘
4 | |||||Ii||'|| ||
| 4]Jﬁ:i|| -
l{ Pt
3 H H
| X
|:” ¥ RSk, DORTS
2 H [ CRYBTAL BALL ]
:{ : ﬂﬁm
ar D2
] * BESR 199
= BES 1001
1 ] & (w2 1M Y
] ELOR 2005
0.9% 15% s @ 14%
y | | | | rel, err. comt, -
ﬂ. 7 T T T T N T T R N A A A A I B O

6 1 2 3 4 5 6 7T 8 9
Vs in GeV

NB equiv. to om,,/m, ~ 20 %
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LHC Prospects: SM Higgs

s | HC experiments have the potential to observe a SM Higgs at 5¢
over a large region of mass

» Observation: gg—>H-yy, VBF H—>1t, HHOWW-lvlv, and H>ZZ—4l

> Possibility of measurement in multiple channels

s Measurement of Higgs properties All key channels

> Yukawa coupling to top in t+H explored
» Quantum numbers in diffractive proguc’rlon o o A
2 of ATLAS |
P
S 8g —
= o £ i ==
g 12 CMS 1 E 74 T 7
£ L fi.:a.th 3 T
S 1of Il Higgs 6F - :
E c llzz 5 —_———W 21.
o W - )
(=] .
8 - DEI;:-‘I:- 4 combined -
5 6 -
- 3 |
E 1: 5 i
g al- 1 . =
E - it !'.-"“F'I--'J s U_||||||||||||||||||||||||||||||||||||||||||||||||_
g qﬂ 200 120 140 160 180 200 220 240 260 280 300
-

4 lepton invariant mass (Ge\ m,, [GeV]



Wopy
1000
St Lsp tan=10,A =0,u >0 CMS . —— my=1.0TeV
oo iy with sysotematlcs L E% Al‘-(l)-lﬁg‘? mw=;.:le:
b= - - 0 - m,,=2.0Te
800 1 fb 1 y ............ My =2.5TeV
700 7 10° % _
e —wm| 4 / ) wacssoo
5 E — - 882y ]
g 500 — i YR | 8102/
- B . S 21 ®
¥ a00[— ——mee Higgs a ¥
_,:,.- SRR zu g .
;m? T e top |.I>J 10 .-‘_
mz— - H
soo =™ = 103 GeV. \\ 1 Pr_‘ " A
nE||J|J|||||1||||||||[|||Il||l|||N1°|E‘TS|B|L|| B%%ﬁ
e T I Ml i 0 500 1000 1500 2000 2500 3000 3500 4000 4500
. m, (GeV) M, (GeV)
SUSY w’
J.-F. Grivaz BSM-ICHEPO08

.and time is running short...
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