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« Attree level EW theory determined
by three “input” parameters ( U ) +1/2 0 42/3
D ~1/2 0 -1/3
— Most precisely known: / /
* a, Gg, m, ( Ve ) +1/2 0 0
¢ ~1/2 0 ~1
- Add QCD: o,
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g(fL,R) — \/(1 _I_ Ap) (Té{(L,R) - QfSinz 9&?)

EW observables then depend on:

- o, Gg, my, m, m,

Basic programme:

— Measure precisely L and R couplings of each fermiontoy, Z, W
— Measure precisely boson self-interactions

— Measure precisely ag, o, Gg, m,, m,, m,

— Test consistency of measurements with SM predictions

— Find the Higgs!



Running of a

W‘M — "':Ef‘ (1 &ﬂflep } - ﬂ'ﬂ'had(qgj)

Uncertainty dominated by Ao, .4(9?)

— effect of qq loops at low g2

Cannot be calculated from first principles in pQCD
Can be related to 0% _4(s) by dispersion relation

ds
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Experimentally accessible by:
— direct scans

— radiative return
Hadrons




Data on o9 .4(s)
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Aahad(MZZ)

 Precise determination of Ao, ,4(M,?) is a tricky business!

— combination of results from many (sometimes old) experiments
— treatment of correlated systematics, radiative corrections
— close collaboration between expt. and theory essential!

Group

Acy?) (M3)

Burkhardt+Pietrzyk 05

0.02758 £ 0.00035

Troconiz+Yndurain '05

0.02749 £ 0.00012

Kiihn+Steinhauser '98

0.02775 &= 0.00017

Jegerlehner '06
(s = (10GeV)?)

0.02761 & 0.00023
0.02759 % 0.00017

HMNT 06

0.02768 £ 0.00022

< currently used by LEPEWWG



g-2

« Hadronic corrections also dominate uncertainty in g-2

LO NLO L-by-L
Y
had. had.

* a,=(9-2)2
 Comparison of aum

— in the range 0.630-0.958 GeV

CMD2 1998:
—A—
361.5+1.71, 2.9 o1
SND:
—aA—
361.042.051, 4. 7gyer
KLOE 2002 prelim.:
—aA—

355.5+0.5 +3.6,

STAT SYST

<— new!

\I\I‘\III‘I\I\'\\\Il\l\l‘\ll\ll\\\l\\
330 335 340 345 350 355 360 365

a ©(0.630-0.958 GeV) (107°)

« Recent analyses confirm discrepancy at ~3.4 sigma level

— aoPt- g theoy = (27.6 £ 8.1) -10-10

 theory uncertainty (slightly) smaller than expt.

370



30th June 2007: The end of an ERA!




30th June 2007: The end of an (H)ERA!

p (920 GeV) e (27.5 GeV) =
— * < ie e
Vs = 318 GeV 27
* Integrated luminosity |
HERA-1 HERA-2 LT e
e-  ~20pb ~200pb » up quark couplings
e+ ~100pb- ~200pb-! HERA-1+2 (94-05)

H1 prel. (HERA I+l 94-05) -

T (v,-a,V-a,-PDF fit)

e polarized electron beam
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Results with Polarized Beams at HERA

Charged Current (CC) Neutral Current (NC)
exchange of W* (e*p — v X) exchange yand Z° (e*p — e* X)
gmo_ | T el'p|—>\|:x| i S | | ) o*(Pr) — o*(PL)
g | o H1 Data 2005(prel.) | olarisation asymmetry:  A* = 5 S (Pw T o5 (P
© 100 © H1 Data 98-99 —
B 4 ZEUS Data 04-05(prel.)
i A ZEUS Data 98-99 i HERA-2 (03-05)
807 e+p4>vx ] _'f‘ 1 I- IlI'I| T T T | L
- : ® H1 Data 99-04 1 08 © - .
i 4 ZEUS Data 06-07(prel.) | [ H1+ZEUS Combined (prel.)
so- A ZEUS Data 99-00 N 0.6 -
a N
i , 04 |
- SM (H1 PDF 2000) . 02 |
40— ¥ — .
I * i 0
f * . 02
20— — .
i > Q%> 400 GeV? i 04
- y<09 i 0.6 E " A
R N N Ll [ R ) [ _ i
B 03 0 0-3 5 ! 08 L. ZEUS-JETS PDF
T o Illl_lllns o H“JlI{f
left-handed e* and right-handed e- Q* (GeV?)

do not interact via W#!

« Directly tests the EW model at large negative Q2
« Still a factor ~2 more HERA-2 data to be analyzed




The Fermilab Tevatron Collider

1992-95 Run I:
~ 100 pb', 1.8 TeV

Major accelerator/detector upgrades
2002-06 Run lla:
~ 1.6fb"1, 1.96 TeV

Further upgrades
2006-09 Run llb:
~ 6-8 fb""

o
4 e g
> oo =~ = R ——

d %"ﬂ_f'u;:_:’ ';i___‘

4 =

{ Main Injector |

*\ Recycler
M.‘H_-______ £ +(_._“£L‘l_\!_)_—-="-_' S

p source
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Luminosity (/fb)
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~85% data taking efficiency
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Signatures of W and Z Production at the Tevatron

2

« Z: pair of charged leptons:
— high p;
— Isolated
— opposite-charge

Hadronic recoil

U

« W: single charged lepton:

— high p;
— isolated

« E;™ss (from neutrino)

[ \ 237+, Neutrino
‘ RRREN

Hadronic recoil

transverse mass: m, = \/Zpr'!p;(l—cos @)
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W Mass and Width from CDF

« 200 pb-1 data set

51,128 W—uv candidates
63,964 W—ev candidates

and resolution
- JW,Y, Z, E/p in W—ev

COF Il preliminary J L df » 200 pb”

Se = 1+ 0.00025,,,
wiidof =17/ 16

2000

e *Data
N =Simulation

-
-
s, o
-
-~ L
1

5 IW-sev)
dead material

W—ev

events [ 0.5 GeV

4,960 Z—pu candidates
2,919 Z—ee candidates

Many handles to calibrate tracker and calorimeter p; scale

CDF Il preliminary _[ L df = 200 |:4I.'|'1
o Ll—ee
M, = (91190 + 67,,,) MeV
‘ldof = 34 / 38 ' .
kT {g:}:}d agreement with
100 | PDG (9118812 MeV)
ut }H »Data
I ..HJ." +_+ *Simulatign
M r*ij;ﬂﬁﬁ'h : ++"p*+'« ambbhyt
%o B " R T 10




W Mass and Width from CDF

CDF Il preliminary _[L of = 200 p-h'1 CDF Il preliminary J-L of = 200 |3.|I:||'1
i 3 = i +
Il‘:! — W_}Mv + + i lq L W_i.e.j"r :f;-;-‘,"\h
= } = 3 e
ey | T H = 1500 — ey 1
E '}" 'E " AT
[ v 1k [ L "4
E -HJW— r b E - I +
- F 1t t . a7
L ¢ - 00— . F
# " T+

+
+

& M, = (80493 + 48__) MeV

I rﬁ -!'1'-
00— M, = (80349 + 54,,) MeV

L L 500} I
- y*Idof = 59/ 48 rf r*Idof = 86 | 48 .
%; _—n “8o T Lmruhﬁm 'h; - . %0 -'.-.-“'“Tn-n
) (GeV) (o) (GeV)
* my, = 80413 + 34(stat) + 34(syst) MeV

Major systematics:
— lepton p;scale and resolution, QED, PDFs

T

CDF chooses to treat CTEQG error sets as 1.6c uncertainty

15



W Mass and Width from CDF

CDF Il Preliminary { 350 pb'1 )

% * Pseudo Data
O] 10 MC template: Iy, = 2.5
L2, 2 — MC template: T, = 2.1 . .
2 — Mctemplate: T, =1.6 | » [V]ajor systematics:
5 - Bckgd
:LE 10° * lepton p;resolution ~30 MeV
B * recoil model ~50 MeV
102 E_:"

« backgrounds ~30 MeV
e uncorrelated between electron
and muon channels

Fnormalisation

" region
10—
= Eq fit region T __l_|

50 100 150 'Jlm
M; (GeV)
I'y = 2032 + 71 (stat + syst) MeV (350 pb-1)
o0 - BR (W—lv)
c.f. indirect measurement from cross sections: R =
o - BR (Z—11)

Iy = 2092 *+ 42 MeV (stat + syst) MeV (72 pb-1) 16



Watch Out for the Theoretical Uncertainty!

elertrons electrons
0 1] -
|:.—.'\::“..|._,.:I_.:_r,i“ E—
1 1! |:-'.rx|:|--.-.--r.r-.J-r'|-_
2 2] n__.x_ﬂr-—-_"..w.--u.‘—__ﬂ’-|_,-r|r~-_-_'-|l'["-'LF“
— —a |
o 24|
= .5 =LA
fi f}
T T
H ' H
il 80 100 120 1410 16 180 200 an 40 an G0 Fil &0 a0 100
MY (GeV) p (GeV)

@ In the hard tails of M}" and p’ predictions including QED FSR only
differ at some % level from the complete NLO electroweak calculation
— important for precision W width measurement?
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* Final LEP2 M,, awaits:

— final combination of colour

reconnection limits
— final M,, combination

W Mass

W-Boson Mass [GeV]
TEVATRON ™ 80.429 £ 0.039
LEP2 —_ 80.376 £ 0.033
Average 80.398 £ 0.025

%*/DoF: 1.1/ 1
NuTeV ——A— 80.136 £ 0.084
LEP1/SLD - 80.363 £ 0.032
LEP1/SLD/m, -A 80.360 £ 0.020
8|0 - 80.2 - 80.4 | 80|.6 |
my, [GeV]

I
1AM T

Colour Bose-
Reconnection  Einstein

«—— Amy, = 25 MeV

18



Di-Boson Physics at the Tevatron

CDF Runll Preliminary 1/fb

-
a
|

3 X

'VVY

Initial State

Number of Events/(10GeVic)

Radiation
—AANT
q’ W W u: 50 100 150 200 250 300 350 400
Cluster Transverse Mass(e+pu y,v) (GeV.’cz)
. og(WY)*BR(W-=lv) = 18.03+£0.65(stat)+2.55(sys)=1.05(lumi) pb
Final State NLO prediction: o(Wy)*BR(W-lv) = 19.3£1.4 pb
Radiation
100
{Bremsstrahlung} E & Backgmound Subtacted Data
q l ﬁ SMMC
g ® ]
g |
3. DO

Photon Radiated from a W 20
(TGC) Y

.

J L +
! ,
._T_
co b b by b by b b b
-3 -2 -1 1 2 3 4
(Lepton Charge)“(q_{-q)

- * Data consistent with SM
¥ — do not yet require “radiation zero” 19

First (Last) bin is under (over) flow

W



Di-Boson Physics at the Tevatron

SR CDF Run Il Preliminary, 1.1fb

o Z m’g‘ lL - Data 3
Y : ClsmMzy S

w | i
Initial State 3 Ay W Z+Jet
Radiation e | T 4 et
q Ve o) § |
I
. 10"
q AVAVAN /Y : .
50 100 150 200 250 300 350 400
Mieey) GeVic’
Final State o(Zy)*BR(Z-e*e") = 4.9+0.3(stat)+0.3(sys)+0.3(lumi) pb
Radiation NLO prediction: o(Zy)*BR(Z-e*e") = 4.7+0.4 pb
(Bremsstrahlung) :
0 """ +]e1 backgroun —
|.|>.l 10%F == 2(y) 5y SM MC(h! =0, =0) + (Z+jet) O 4.96 0'30(stat+syst) T 0‘30(lumi) pb
..... 2(y) Iy MC([ =-0.18 1],=0.016) + (Z+jet)|  SMNLO: 0, =4.74 £ 0.22 pb
q | 10° (Eg'>7 GeV; dR > 0.7; M; > 30 GeV)
. 10 z_ + ...................
Photon Radiated froma Z E 4
i —' . 95% C.L. ht hZ=0 hZ h'=0
(TGC) L - (h*=10) (=0
! 1 hyg g0 Timits | 0,085 < h,,<0.084 | -0.083 < hyy <0.082
21y 2 LR 1555 < <105 0105 < <totst
107}
3 . Z’Y 1 0-2 I . - - - | L . . L | L 1 L .
97 Absent in SM! 100 200 300 20

Photon E; [GeV]
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Events / 0.50

4
=]
L]
i

WZ and ZZ

CDF Run Il Preliminary [Ldt=1.11"

1

0

+« Data
[ z(ee)y
Bin 1 Bin2 @zuuy
—* []zZ+jets
Bzz
Owz

10 20 30 40 50 60 70 80 90

E/ plot used in a 2-bin fit MET (GeV)

—
=
"]

b
(=]

107

CDF Run Il Preliminary f Ldt=1.11M"

« data [Jit
Oz  @wy
OwWZ  [Owsjets
Oww []DY

Expected number of signal events
9.75+0.03(stat)+0.31(sys)+0.59(lumi)
Expected number of background events
2.65+0.28(stat)+0.33(sys)+0.09(lumi)
Observed
16 events

= significance 6o

0 (WZ)=5.0"]% (stat.+syst.) pb
NLO prediction: o(WZ) = 3.7 + 0.3 pb

ZZ- L (1.5 fb)

= Very clean but very small BR
« 1 4-lepton event observed!

=

5 45 -4 35 -3 25 2 -15 -1 05 0
l0g,o(1-LR) (ZZ, WW bkg)

ZZ v (1.1 fb)

Combined result

3o significance
0(ZZ)=0.75"g1; (stat.+syst.) pb
NLO prediction: o(WZ)=1.4 + 0.1 pb



Top Quark Pair Production and Decay at Tevatron

* Production: 85% gvam : 15% @ t
0 - - _
g @ t g t
 Decay - ' CDF measurement
w+ v. Q' "
’ \ 2 M — 0.01+ 0.16(star) £ 0.07(syst)
! o(pp > 1t)
b

« Final state determined by decay of the two Ws

Top Pair Branching Fractions ﬂ‘lepton+jet8n

- (e oru), v, W—qq, two b-jets

rHiets 15% 30% of tt decays

5 1%% moderate background

% NZ . — usually yields most precise measurements

"dileptons™
P 22



A Rich Programme of Top Physics to Explore!

Decay mode and Branching fractions

Rare decays
Anomalous decays

CKM matrix element |V m'

Top spin polarization t Top mass
spin correlations |

W helicity

"ny, W+
o, Q'
ar

Production cross-section
Production kinematics
New Resonance production

23



Production Cross Section and Br(t—bX)

=3 Jets =4 jets
D@ Runll Preliminary DO Runll Preliminary
600

c 0.9 fb! B ti(ljets) 8 oo M tt(jets)

5 B (1) . I ()

£ diboson € 400 diboson

= single top 2 single top
B Z+jets B Z+jets
B Wbb B Wob
| Wee I Wee
I Wip S Wip
I Multijet B Multijet

0 1 > _ 0 1 >
Number of tagged jets Number of tagged jets
T __ D@ Runll Preliminary L=0.9 fb'
« Use additional kinematic discriminant in o

O-tag bins to enhance tt _
 Simultaneous fit to o, and R i %

p_ Brit>Wb) _ v, I ' es%ClL.
3 3 3 68% C.L.
BF(I—Z?WQ) IVrbI —I_IVMI —I_H{*a"l 0808 1 11 12 24




Production Cross Section and Br(t—bX)

. Aoy oy (%)
« D@ preliminary (900 pb-1)
— oy =8.08*5  (stat+syst) x 0.49 (lumi) pb 12%
« CDF preliminary (1120 pb-1)
— ou= 8.2 £ 0.5 (stat) = 0.8 (syst) + 0.5 (lumi) pb 13%
« SM prediction
— 04=6.7+0.8 pb 12%
CDF Run | 0.94 *037
CDF Run I 1.12 *3-27
oy and R consistent
D@ Run Il 1.03 *219 _ _
L=230 pb” e with SM expectations
D@ Run Il preliminary 0.991 "_'g:ggg
y

R =B(t — Wb)/B(t — Wq)



W Helicity in Top Decays

Test left-handed t—Wb coupling

0*: angle between [ momentum
in W rest frame and W
momentum in top rest frame

left handed
SM: f=0.3
08|

0.4

b
longitudinal right handed
f,=0.7 f.~10-

0.6

0.2

— Standard Model
— longitudinal
— |eft-handed
—— right-handed

-0.5

cos 6

T 05 1

26



W Helicity in Top Decays

N r . -

I CDF Il Preliminary I Entries = L (a) i _allvel dalta, 1 fby |
Q 20 — T kjots (V-A)

4o background AT - DO Run Il Preliminary —-- . ljats (V+A)

<= +right-handed [ background

-==+ +left-handed

= +longitudinal I 1 t
® data 955 pb' + J els

o 25f
ix
s __F
15 e - . »
E s cosb”
10f- S F - :
: € o5F (b) DO data, 1 f8
.. Q@ o . J—
o TR & [ D@ Runli Preliminary — I (V-A)
0 -"‘..I'lhll-llr 1 : 1 .I I -] -I. .l' I. 11 I . 1. IIII 1 o 1 l‘”}"“:“ ;I.:.%.'"T.I'I -|“'I:|'I“Irljl:”lr"-lr"'llr-l'lLII..:T':-:“Ll‘-lilrilll.l:- 2D :_ -0 tr * “ [,V“'A]
-1 -08 06 -04 -02 0O, 02 04 06 08 1 r
di-lepton

« Simultaneous fit:

- f,=0.74 £ 0.25(stat) £ 0.06(syst)
« f,_=-0.06 % 0.10(stat) £ 0.03(syst)
« Fixing f, = 0.7 « Fixing f, = 0.7

« f,=-0.06 *0.06(stat) £ 0.03(syst) « f,=0.017 £ 0.048(stat) * 0.047(syst)

27



Top Mass Measurement

Example Technique: Matrix Element (ME)
« Form event probability P, ,

Pew:fsgnpsgn(x;mrop:JES)'l'“_fsgn)Pbkg(X)

 Where P__, is the probability to observe x for given values of
my,, and jES (Jet Energy Scale calibration factor)

P (x;my,, JES)= Z | T(x,y,JES)da"(y,my,)f(q,)f(q,)dq,dq,
% ) — —— VI N —— — U ~ J

b-tag transfer from ME PDFs
weights  function

* Integrate over all unmeasured quantities and experimental
resolutions

* Fit simultaneously m,,, and JES
— using my, constraint 28




Top Mass Measurement

Dominant systematics
— ISR

— FSR

— PDFs

— b-jet energy scale
— b fragmentation

Best Tevatron Run Il (preliminary, March 2007)

._._.
All-Jets: CDF
s 1711+ 4.3
. ——
Dilepton: CDF
pton: O 164.5+ 5.6
. —_—
Dilepton: DO
pton: O 172.5+ 8.0
——
Lepton+Jets: CDF
e 170.9£2.5
._._.
Lepton+Jets: DO
Fpeies 1705+ 2.7
.
Tevatron 1709+ 1.8

(Run I/Run I, March 2007) >
| | | xldoflr 9.2110
|

150 160 170 180 21 90 200
Top Quark Mass (GeV/c™)

Is m,,, in Monte Carlos used by experiments the same as m,,, (pole)

used in the EW fits?

JES™

1.05

0.95

Amy,,/my,,~1%

— e.g., colour reconnection effects?

AInL=0.5
Aln L=2.0

CDF

. L=8.0
|+jets
160 170 180 )
M, (GeVic?)
op

Comparison of Mtop in Different Final States
(Tevatron Preliminary, March 2007)

—_——————
87+586

Dilepton - All-Jets
K =32 (7%)

—_—— Lepton+Jets - All-Jets
1.0+4.1 %2 =0.1(75%)
—_— Lepton+Jets - Dilepton
7.7+43 ¥ =24 (12%)
| | |
0 1 (} 2 30

0
1AM, | (GeVic)

29



Evidence for Single Top Production

 Top pairs: ¢ Bo\ [ 0©,=6.7%0.8 pb

« Single top:

s-channel
T

o, = 0.8810.07 pb t-channel
o, = 1.98+0.21 pb

* Motivation
— Top pairs
« can measure only ratio of couplings to kinematically allowed final states

o Brit—Wb) _ Vv, I

ih

CBr(t—>Wg) IV,P+IV_F+IV, P

ih

— Single top
* oy, « |Vib|?
* |Vtb|?2 can be determined with assumptions of 3 generations, unitarity 30



Backgrounds to Single Top  «w,, ®
/ % Y eutsino

o4, only a factor of two lower than o

— signal event signature less pronounced
- fewer high p; objects

« Backgrounds much more of a challenge!

« WH+jets poorly understood
— especially W+heavy flavour
— considerable tuning of MC to data required

CDF Run [T Preliminary, L=055pb " CDF Run Il Preliminary, L=955pb™ CDF Run Il Preliminary, L=955pb™"
2001 KS prgb.: 24.6% Wschannel | KS prob. 42.6% W s-channel KS prob.; 66.3% W s-channel

—I— t-channel OZ — t-channel OZ i t-channel OZ

M vwob 5 M wen 5 | M vwob =]

=150 W wee 1l > 100 W wee 1@ > 150 W wee o

8 We Q 8 We Q Q | We Q

o Mistag 3 o Mistag > ©) i Mistag 3

(o] .Ncn-W w (o] .Ncn-W w © 100 .Ncn-W 4w

—~ 100 B Diboson | g —~ Diboson g :5 Diboson g

-g Z+jets g -g 50 | Z+jets | g T Z+jets g

2 W 5 2 W 5 2 5
w | —CDF Data | w ——CDF Data =

. 5 g U 5

) o )

.- ] 0 i § 0 : - =
0 150 200 0 50 100 150 200 0 50 100 1

P, (Lepton) [GeV] P, (Jet1) [GeV] P, (Jet2) [GeV]



Kinematic Discriminants

« Even after b-tagging signal swamped by background

Use multivariate kinematic discriminants
— e.g., Likelihood, Matrix Element, Neural Networks, Boosted Decision

Trees

« Validate on “background-enriched” sub-samples
“tt-like” (very high total visible E;)

Event Yield

— “W-like” (low total visible E;)

. @ Data Run Il Preliminary 910pb’
= s+t-channel e+jets
Il s+t-channel ==1 tag

- ) ==2 jets

HT<175.0

0.4 0.6 0.8 1
tbigb-combined DT output (fulltree)

18
16
14
12
10

DJ

KS: 1

0.8

0.9 1
tb Discriminant



Event Yield

D@ Evidence for Single Top

Decision Tree

D@ Run Il preliminary

0.9fb™" =
tb+tgb ™
tm
W+jets |
Multijets ™

1o uncertai
on backgrouw

300

200

100

a2 o4 00 08 1
tb+tgb Decision Tree Output

Event Yield

D@ Run Il preliminary

Matrix Element

Bayesian NN

09fb”"' =
tb+tqb
ttm
Wijets I8
Multijets =

t1a uncertain
on bldtﬂl’ﬂ!.l'g

0.9 1
tb+tqb Decision Tree Output

0.7 0.8

Consistent excess seen in all three analyses

140 DO Run Il Preliminary, L=0.9 '
F -~ Data
120 [ tb+tgb
100 M
80 + W + Jets
60 [ Multijet
40
20

04 06 0.8 1
tb+tgb ME Discriminant

DO Run Il Preliminary, L=0.9 f&5' |

.8 0.85
tb+tgb ME Discriminant

0.9 0.95 1

Mfake-lepton

E *D@ 0.9 15’
S Mtb:tgb
L Mittbar

F w BWi4jets

E

]

>

w

06 D08 1

BNN output

Event Yield / 0.04

N 5 2 =

8.

1
BNN output
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D@ Evidence for Single Top

D@ Run Il « = preliminary 0.9 fb!

e Combined result

. : Decision T 491 b

— 0o, consistent with SM somon TR 14
—_ 360‘ S|gn|f|Cance MatrixEIements*i 482'_? pb
— 2.40 expected significance Bayesian NNs* 4418 g
Combination® 4.7 ji pb

P N, kiconakis, PR, 114012 (2008), my,, = 175 GaV
Z Sullfan, PRO, 114012 (2004), my,, = 175 GV

{L] 5 10 15
0 (PP — th+X, tgb+X) [pb]

* First direct measurement of |V
— Assuming standard model production:
 Pure left-handed coupling
* |th|2 + |Vts|2 << |th|2
- Additional theoretical errors needed (top mass, scale, PDF etc...)
— Measurement does not assume 3 generations or unitarity

IVi|=13%£02 or  0.68<|V,|<1at95%CL y
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30
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10

CDF Single Top Results

Likelihood Neural Networks Matrix Element
_ CDFRunliPreliminery, L=9ss pb”" ZODCDF Il Preliminary 955 pb” CDF Run Il Preliminary, L=955pb""
80 | -. 2~::annd = x: 8 :::;g’ normalized to fit result —e— CDF Il data 200 %— | I ' .s'iqg|et0p 1
Bl tchannel [0 WceWee H :;;-_‘3:';’“’:3 [ tt background .:::::
’ 1 150 I <-like background Mistags
'+' b-like background g 150 !i(t:-DbEF"Data
50 = non-W background o
40 4 100 _%)
1 10 GJ
@—EAJ :
T S s OV ey . o e
01 02 03 04 05 06 07 08 08 1 -4 05 0 0.5 1 0 0.2 0.4 0.6 0.8 1
Lechan NN output Event Probability Discriminant
No evidence of signal No evidence of signal p-value = 1.0% (2.30)
0,.+<2.7pb at 95% C.L. 0,,+<2.6pb at 95% C.L. O..4=2.7(+1.5/-1.3)pb
Expected signal Expected signal Expected signal
significance 2.00 significance 2.60 significance 2.50

1.2% of pseudo-experiments fluctuated

as unluckily as the observed data 35



m,, and m, (direct)

80.5 1 - LEP2 and Tevatron (prel.) _
68% CL
>
)
O, 80.4- i
=
=
80.3 |
150 175 200

m, [GeV]

* Important parameters of SM
* Real interest is to compare with other information
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Precision EW Data from LEP/SLC

 Asymmetries measure:

(91)? = (g)?
(91)2 + (g%)?

» Longstanding issue:

— “leptonic” and “hadronic’
asymmetries consistent
only at ~3a level

* (may not be resolved
until the ILC!)

0,
A(P.)
0,b

fb
0,c

>
o

had

Is

Average

—— 0.23099 + 0.00053

—— 0.23159 + 0.00041

—V— 0.23221 =+ 0.00029
0.23220 + 0.00081
x 0.2324 £ 0.0012

Siig 0.23153 £ 0.00016
x°/d.0of.:11.8/5

z Aogo),= 0.02758 + 0.00035
= m= 170.9 £ 1.8 GeV

| O.2|32 | | tl 0.2:34
.o lep
sin Geﬁ
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m,, and m, (direct and indirect)

' ' ' ' |
{ —LEP1 and SLD
80.5 1 - LEP2 and Tevatron (prel.) .
68% CL
S
O
O, 804 il
=
&
80.3 1 |
150 175 200

m, [GeV]

« Powerful consistency check of SM
* Decreasing Amy, is the priority!



m,, and m, (compared to m,)

— 1

1 —LEP1 and SLD
80.5 - LEP2 and Tevatron (prel.)
68% CL

150 175 200
m, [GeV]

 Data prefer light Higgs

* Decreasing Amy, is the priority!
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Limits on m,,

m, =763, GeV
m, <144 GeV (95%CL)

Direct search limit (LEP-2):

m, > 114 GeV (95%CL) Ng{

Probability M, >114 GeV:
15%

Renormalise probability

for m >114 GeV to 100%:
m, <182 GeV (95%CL)

« So let’s find it!

6 mg, = 144 GeV
T o
I (5)
5 A0y g = n
— 0.02758+0.00035
Ty 2 0.02749+0.00012
4 - ++ incl. low Q® data —
3 — —
2 — —
9 - |
0 Excluded \(», /" Preliminary
1 1 1 1 1 I 1
30 100
m, [GeV]

300
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The Crucial Observables

Fit to all measurements but excluding:

0.032 ————
— High Q° except A, 68% CL Mtop
M
— High Q° except m, W
68% CL . 80.5 — '
— High Q° except m,,/I',,
68% CL
>
()
S, 180
&
0.026 Excluded — 3 j
10 10 10 |
my [GeV] 160 LExcluded
2 3
10 10 10 Excluded
m,, [GeV] 80.3 — '
10 10 10

m, [GeV]
\ 4

Yields M., < 140 GeV (95%CL)

cf M, <144 GeV (95%CL) including external Ac, . (M.) .



Searches for the SM Higgs Boson at the Tevatron

Associated Production: Low mass only, three final states

Higher cross section
- but can only distinguish from backgrounds with H—=WW decay

“The Higgs is underneath the needle in the haystack” 42



Associated Production

 Many improvements:
— Increased lepton acceptance
— Improved b-tagging
— Improved bb mass resolution

Events/ 10 GeV

ZH—vvbb: 2 b-Tags

30— D@ Run Il Preliminary
- (0.930 b
s ——DATA
N BHMC
5 Bl TOF MC
20[ [) Z+jets MC
- [ W-jets MC
15| B WISC MC
B []acD
10[
5
- s -
% 50 100 150 200 250 300 350 400

Invariant Mass (GeV)

—
[=2]
O

—
.
O

100

40 - _+_x_uﬁ_$~#__ MHHBEEN
20—
N —
0_ | ] | |
W+1jet  W+2jet  W+3jet  W+>4jet
Jet Multiplicity
ZH—llbb
=
g I CDF Il Preliminary f Ldt= 1.0fb"
o
"102L  — Observed
- C
g N == Expected + 1o
J —
™
o |
o
=
r 10 E—
o r
§ C
o | 95% CL o over SM
expectation
1 ||||||||||||||||||||||||||||||

Number of Events
B

CDF RUN Il Preliminary

—e— Data(955pb™)

—WH — I»va:] W+Heavy Flavor

[ | Mistag

nggs [ non-w QCD

I:l Diboson/Z’— =
[ ] i(6.7pb)+Single Top

80 Background Error

100 110 120 130 140 1502 )
My (GeVic) '



W

High Mass

e-

CDF Run Il Preliminary [' Ldt=1.11fb"
0 = (Observed
o]
=) ek 00 Median Expectation |
E -
—
X + 20
-
(& ]
0
)
O 10 foieenennrs
» Fourih Generatio
New Interactions
(Manohar & Wise)
AR s

110 120 130 140 150 160 170 180 190 200

Higgs Mass [ GeV/c?]

HIGGS MASS 160 GeV (After Cuts 1-7) I

® data

Iz

' DO ee: 950 pb-"

10

10"

2
10 1.5 2

-Z—>1:|:
[ ] acDfakes
Cdww
I:IW—»eV
B zz.wz
-ﬁ—»ee

— 160 GeV Higgs (x10

25 3

A ¢(e,e) (rad)

New DO search in H =-WW —uzt

ﬁ ?“ | RS REs "'|"'|"'§l
10? 3
10 g
1
— Signalx 10
L e T L, Y e Sig.ew)x 10
ren Sig (T 10
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Limit / o(pp—WH/ZH/H)<BR(H—bb/W W)

D@ Combined 1 fb-! Limit

— Observed Limit ~ Full D@ Combination

...... Expected Limit D@ Prellminary, L=1. o fb‘
' T I —WH —-=WWW will help

Monond 07 1 . .
B R e A B R fill gap in sensitivity

............ N S O NN T .......... around m,= 130 GeV

i
. -
-
T, A
-
g%

N
o

20

-
(n

-
o

T T | T T T T | T T

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

[4)]

- Starjdard Model@: 1.0

OF— i S N I O R e e e
L1 1 1 | L1 11 l L1 11 | L1 1 1 | L1 11 E L1 11 ‘ L1 1 1 ‘ L1 1 1 i L1 1 1 I L1 1 1
100 110 120 130 140 150 160 170 180 190 200

my, (GeV/c?)

Single experiment sensitivity
— within factor 6 (4) of SM for m =~115 GeV (m_=~160 GeV)
Many improvements in pipeline
— more data, combine experiments, more channels, get cleverer
— expect sensitivity to continue to improve ~L and not vL !
Success with low cross section, high background SM signals:
— WZ, ZZ, single top
Direct limits, or direct hints, from Tevatron with ~2-4 fb-1?! 45



Outlook for EPS2009?

{ —LEP1 and SLD
80.5 1 - LEP2 and Tevatron (future)
68% CL

175 200
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LHC Sensitivity

-1

o

Luminosity for 5¢ discovery, fb
I

;

—eo— Hoyycuts
—=— H—vyy opt

—— H—=ZZ—-4l —
—— H_>WW_>2|2v .

|
100 200

300 400 500 65)0
M,,.GeV/c

 Huge EW event samples
crucial to commission
detector, trigger and event
reconstruction
— in 1 fb-1
« 250K |+jet tt events
« 1M Z—ll events

* Intense theoretical activity in this area
— QCD is under control at 10% level
— Need to consider EW corrections ~5-8%

47



Summary

« Precise EW physics requires close interplay
— precise experiment <> precise Monte Carlo <= precise theory

« Stay tuned for many new results from Tevatron experiments
— 1fb" — 6 fb

« With the start up of the LHC the next year or two will be
exciting times for EW physics!

— Longer term prospects
« Am,~1 GeV, Am, ~ 10 MeV

 will require a heroic effort!
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Outlook for EPS2009?

{ —LEP1 and SLD
80.5 1 - LEP2 and Tevatron (future)
68% CL

175 200
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