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ckward Asymmetries

*  Precision e!eétfoweak measurement on the Z resonance,
Phys. Rept. 427 (2006), hep-ex/0509008.
http://lepewwg.web.cern.ch/LEPEWWG/1/physrep.pdf
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Propagator
Ve Vertex factors (unitary gauge)
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Standard Model
gy =T,-2Qsin"g, and g, =T,

- 0,+9)  Gn=(0y -0
QL—2QV 9a Qn—zgv 9a

9v _4_ 29$in29w =1-4|Q)sin*g,,
94 Ts

9v 9a

> bz b7
- - / +2sin® g, _%

u— quark + / / sin® 4, %
d — quark - A /3 sin® 4, _%
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for e"e > u'u

Matrix elements:

A =-ie(@y"v,) 22 v p0u,)
Y q

2 2
g — lfl VTR, 5 ng_qﬂqV/M — p1 e_5
5 u,y 2(s:n,» gay )vﬂ}(q M"’)HMze (Qv — a7 e

o _/
e

Z propagator considering a
finite Z width (real particle)
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One finds for the differential cross section:

do o’ s(s — M?) s°
= F (cosé) + F ,(cos @ 4 + F.(cosé@
dcosé 2s (008 6) + F(cos6) (s— M3)? + M2 2(c0s6) (s —M?2)? + M2I2
known vy v/Z interference Z
~ YT - _
Vanishes at Vs=M, 7,

Fy(cos O)ZQgQi (1+ cos“0) = (1+ cos’0)

Q.Q >
F._ . (cosH)= ¢ 8 2q5a" (1+ cos“0)+ 4qg° g cosH
,z(cos6) 4sin2€)wcosz€)w[ gy g5 | )+ 495 gl cos]
F,(cos)=——: 1 — [(gv "+ 9% 7)(gy "+ g5 ") (1+ cos’0) + 8gy gagy ghcosO]
16sin"0,,cos 0,
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[(gy ™+ g5 7)(gy *+ g5 7))

o Ao’ 1
“ 3s  16sin*0,cos'0,
12x LT
o,(Vs=M,) = ye 1“2“ (==
VA VA

With partial and total widths:
aM,

_ f2, f2
- 2 2
12sin"0,, cos” 0,,

(g "+ g,

Iy

BR(Z — i) = L1
1

) | C—

2
S

(S_Mé)z"' (Mzr )2

Breit-Wigner Resonance:
BW description is very general

I.I, S

s)=12 .
7 TETME (M M

Cross sections and widths
can be calculated within the
Standard Model if all
parameters are known
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France

er

Year || Centre-of-mass | Integrated
energy range | luminosity
GeV] [pb~']
1989 88.2 - 04.2 1.7
1990 88.2 - 04.2 8.6
Geneva A| 1991 | 885 93.7 18.9
1992 91.3 28.6
1993 || 89.4, 91.2, 93.0 40.0
1994 91.2 64.5
1995 || 89.4, 91.3, 93.0 39.8

Standard Model of Particle Physics SS 2013



Z Resonance curve:
L, F S

_12
a(s) ”ME (5 — M2)? + M2r2
12}IFF
Peak: 0, = VE T2

s

« Resonance position —» M,
< ¢ Height > T,

E__[GeV] <
Initial state Bremsstrahlung corrections E,
2E
Ciripy = jG(z)a-ﬁ zs)dz L

4m, /s - \/E

Leads to a deformation of the resonance: large (30%) effect | | 22
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Same resonance shape!
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ete >e'e t channel contribution — forward peak

L3 O 1990-92 e
e o efey) m 1903
1 F arcocse A 1994
- e 1995
= € tchannel © s channel
05 /s-channel
L ”hamwln 20 < Clect of t
e : e i chgnnel
0 F . [
1.__111terfe1'¢11ce______ +* peak—2
e 15 = & penls .
1.05F - i B peales 4
s | + + = ; _ Effect of
& + E intefference
D'gﬁ __ 1 | [ 1 1 | I 1 [ 1 | I [ 1 1 | I 1 -
88 90 92 04 )
Vs [GeV]
s-channel contribution ~ (T",)2 o weme o4

11 Standard Model of Particle Physics SS 2013



91.1876 + 0.0021 GeV +23 ppm (*)

I, = 2.4952+0.0023 GeV  ~+0.09 %
., =17458+0.0027 GeV
[e =0.08392+0.00012GeV ~ » 3 leptons are treated
[,  =0.08399+0.00018 GeV independently
[, = 0.08408 £ 0.00022 GeV I test of lepton

< universality
I, = 2.4952 +0.0023 GeV |

Assuming lepton

Chag = 1.7444£0.0022 GeV [ | niversaity: I = [T,
r, = 0.083985 + 0.000086 GeV | . ciicted by SM- g, and g,

are the same)

*) error of the LEP energy determination: +1.7 MeV (19 ppm)

http://lepewwg.web.cern.ch/  (Summer 2005) 25
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and thus the CM energy (shifts M,) :
+ tide effects

« water level in lake Geneva

1992 Effect of moon
% a7 _' 'm'- I_ T _I_:_”_I_I LA I L B B A B AL B '_
E I INOw 1th 32 ﬁ+
- - ™~ v
% |100ppm # R \,
= - / \ ]
E 46470 - / \ .
3
m i II M
X _ Tide prediction [
A A
\ \
46465 - \yr{ ‘\:I -
200 200 600 1000 1400 1800 22:00 200
Daytime

The total strainis 4 x 10® (AC = 1 mm)

13

Changes of the circumference of the LEP
ring changes the energy of the electrons

—)

AC (mm)

.1 L
100

1993

Changes of LEP circumference
AC=1...2 mm/27km (4...8x10°8)

Effect of lake

:_ Correlates with
: lake level ...

1999 LEP mun

"Heavy" Rainfall
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Vagabonding currents from trains

Earth current

— S

La Versoix

In conclusion:

14

AC railway 15 kV

Voltage on rails [V]

-0.012

-0.020

-0.024

T4E36

T45.34

T4E32

T4E.30

Bending field [Gauss] Voltage on beam pipe [W]

T4528
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-0.016 |

Movember 17th 1993
T T I

| LEP Beam Pipe
1 1 I

[ LEP NMR

] 1
16:50

Measurements at the ppm level are difficult to
perform. Many effects must be considered!
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In the Standard Model: (
Fz=rhad+3-rf+Nv-rV — ¢

e e >2Z-vy,
+ j— _
ee >Z->vy,

ee >2Z-vy,

neutrino generations:

N — rf'nv _ Finv . &
v r - T I
v.SW ¢ Jexp \V/SM
5.9431+0.0163 =/ 1-9910.001

invisible :T;,, |
I, =0.4990 +£0.0015 GeV 0
35 —
To determine the number of light 30

® OPAL

A - —]
ORI  ALEPH :
LR ! i . 7
PR \ ¥ DELFIHI :
~, -=a a3 ]

from m,,, M,

N, = 2.9840 + 0.0082

No room for new physics: Z—new

15

(small theo. uncertainflgs ™,

28
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O

Heavy Quark production

rhad
|dentification of b-Quark events: b
b-quarks hadronize to b-hadrons (B's, A,) B _-
with typical lifetime of ~ 1 ps — decay length -
e Ps
Use displaced “2"” B decay vertex as et o L=t-pr=t m
signature. B
ALEPHmult  —@— 0,215 + 0.0009 + 0,009
2 SN IO B L 1992-95
2 0L OPAL DELPHI mult - 0.21643 + 0.00067 + 0.00056
=« 1994 data s
[] Monte Carlo b L3 mult A 0.2166 + 0.0013 + 0.0023
10 =[] Monte Carlo ¢ o o405 T et
i Monte Carlo uds == OPAL mult ———*——— 1.2176 + 0.0011 + 0.0012
1 = 100205
= SLD vtxmass =~ ——0—— 0.21576 + 0.00094 + 0.00076
10 = 160308
1“ _ﬁE | i 55 % A R & .
'HTJFH FEE ] R LEP+SLD g 0.21629 = 0.00066
80 60 40 20 0 20 40 60 80 IR R
decay length significance L/op 0114 0116 0218

Significance = L/ error ratio of Z decaystob 29
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Observables O = O + Opgp Og = OR_ + O|R AFB =

Or +0pg
Forward-backward asym. (final)

A —-%.70%r
O,=6 L+0Rr OR=ORL*ORR LR —
o, +0p4
Left right asym. (initial)
o, —-0.
0.=06 L +6r. G6,=06Rr t OLR F=——
o, +0. 32

fermion polarization (final)
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do 8
+ + - 2
e e 2> —— ~(1+co0s?0) +— A, cosd
HH dcosé 3
i : Or— O
e'e” — u (Y with A= F T8
O+ 0pg
10 | y i
! ¢ peak-2 Diff. -
_energy do
calk
Q peak+2 6 L 0059
E ey =
@ ~ . | [e=erongrreatrer)
g ‘\E‘*\ PEP PETRA  TRISTAN LEP
= 5] J ?‘ 0.5 - OCELLO ®VENUS eL3
e 2F & : # MAC JADE 4 TOPAZ
s o @ » MARKII v AMY
e ‘o 1FLLITD
P 2 | |4 ©TASSO
05D < v i
= El'g"gﬂ E ¢
2" *
vote, 00
Ky O -0.5 -
[P TN - r . | , | | T . ]
. = : 20 40 60 80 0
cos 6

Vs [GeV]
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Angular distribution: (see above)

QQ
E.(eRstl)= i 20¢9“(1+cos®6)+4q9°g* cos
2 ) 4sin?,, cos® ew[ 9,9y )+ 4949 ]

1

F.(cos @) =
2| ) 165sin* 6,, cos* 4,

[(952 +92) (9% + g4°)(1+ cos® 0) +89595gL.g" cos @

Forward-backward asymmetry Arg

+ Away from the resonance large — interference term dominates

s(s — M23)
(s—M:)? + MaI2

A~ 0505 - large

+ Atthe Z pole: Interference = 0 (see energy dependence of interference term)

A =3 9v9s  9v9a

(gv)* +(92)° (gv)° +(g94)

34
— very small because g,/ small in SM
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— 1 _ T ]
m=178.0 A 4.3 GeV
my=114...1000 GeV |

mrmim
'.-..ﬂ-- 1-.-.'-.-
AL
L
H ¥,
"l
l (l

Asymmetrie at the Z pole

Acs ~ 929v949y -0.035-
Cross section at the Z pole :%
e [ -0.038 . ""."" TP,
o, ~ |90 +(g|lign ) +(ghy ] | .

~-e'e”
|ty
l --_--1+T_

Lepton asymmetries together with 0 s 0502

lepton pair cross sections allow the

determination of the lepton couplings 9a

gaand gy .

A ! Lowest order SM prediction:
lv gy =T,-2gsin°6G, g,=T,

Good agreement between the 3 lepton

species confirms “lepton universality” Deviation from lowest order SM

prediction is an effect of higher-order
electroweak corrections. 35
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RL f
£ _ J=
RR f
e —%Lﬁ et
f+

Or —Og

1

LL f
e EAQ et
g _
LR /
e %L g et
i

Observables: OF=0| +Oggr Og=OR_+ OLR Apg =

O +0pg
Forward-backward asym. (final)

A —9.7%n
6.=0*+0rR OrR=ORL*ORR LR~
o, +0op
Left right asym. (initial)
o, —0._
G6.=06 L +6p. O,=0pRpR tOLR F=—"-—
o, +0._
fermion polarization (final)
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25
25

Pos. helicity ~ a)
Neg. helicity

. =
Experimental Method to measure %
tau polarization: =

1
—

b+

bl |
-
LN

I

73
1.

T —> m v, Spin'2—Spin Y2+ Spin 0

o
-

}L"[ - +l."l2

F-'- F-'-
= L
S A = T

= 'h

0 0.2 0.4 0.6 0.8 1

Vit Xﬂ:
1 ar 1 ) %mn} | OPAL . _
- = _(14‘.{!’;0059 ) EoL o idof= 303 42 o -
[ dcos@ 2 1060 | R
l Boost into lab frame T -~ Neg Hulicty €

]- EJ‘. | i E
— £ =1+ R(ZXH — 1) X = EX /Er sap | ”-:'"-.'_I_'" ey .
X : e b

Fit of the two theoretical distribution to data |:|u: SO SR .n_.;. _.31= -
yields the polarization: ~ 0.15 TS T -
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-0.1

-0.2

-0.3

Measured PI Vs CDS@T_

ne umversality
nniversality

T T I T T T I T T T
ALEPH + ]
DELPHI + ]
L3 + ]

OPAL +

23

A =0.1439 +0.0043
A, =0.1498 +0.0049

A, =0.1465 +0.0033

sin” 6°" = 0.23159 +0.00041

hep-ex/0509008

38
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Or —Og

Observables: OF=0| +Oggr Og=OR_+ OLR Apg =

O +0pg
Forward-backward asym. (final)

A —9.7%n
6.=0*+0rR OrR=ORL*ORR LR~
o, +0op
Left right asym. (initial)
o, —0._
G6.=06 L +6p. O,=0pRpR tOLR F=—"-—

fermion polarization (final)
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Measure cross section o, (cg) for LH (RH) initial state electrons:

Polarization of
electron beam:
P~70 - 80%

1 E —Op
Ar= P o f
e O +0p
2g0; 2(1-4sin*8,))
ALR = =

(gf:)l _[_(gi)l B 1+ (1—4-$iﬂ2 9“,)2

Powerful determination of sin26,,.
Requires longitudinal polarization of colliding beams
39
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o Am Hr.ndmg

w HETee

15*"’-.' Flund Fueisiny

o S TS
44

apile e Leiaring

Typical beam polarization of 70%.

AT e
f-ﬂammnu )

H.Ili'ﬂ$

b

Polariged Light f’

Laser Pulse
Chopper 2 ns

Shruuﬁ__

Load Lock
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532 nm
Frequency Doubled

YAG Laser

Mirror r

A= Circular Polaniser

Focusing
and
""/PSt&en' ng Lens

plirror Eox
- {(preserves circular
# polarisation)

Compton
Back Scattered &—

Laser Beam "
Analyser and Dump /
"Compton IP”

Analysing o

-~

Bend Magnet

Cherenkov
Detector

ey—€ey

Counter Calonmeter

Polarised Gamma 7 \‘/,_ CQuartz Fiber

Figure 3.1: A conceptual diagram of the SLD Compton Polarimeter. The laser beam, consisting
of 532 nm wavelength & ns pulses produced at 17 He and a peak power of typically 25 MW, were
circularly polarised and transported into collision with the electron beam at a crossing angle of
10 mrad approximately M meters from the IP. Following the laserfeleciron=-heam collision, the
electrons and Compton-scattered photons, which are strongly boosted along the electron beam
direction, continue downstream until analysing bend magnets deflect. the Compton-scaitered
electrons into a transversely-segmented Cherenkov detector. The photons continue undeflected
and are detected by a gamma counter [PGC] and a calorimeter (QFC) which are used ta
eross-check the polarimeter calibration, 41
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Beam Polarization SLLD 1992-1998 Data

100
Strained Lattice Cathode Strained Lattice Cathode
92 |- for 1994 SL.D Run for 1997 SLD Run
| Source
80 Laser

‘Wave]engh .
70 | Optimized ®

60 1996 Run
50 —i

40 R Strained Lattice Cathode
for 1993 SLD Run
30

20

10 |

1000 2000 3000 4000 5000
Z. Count x 10

Polarization of Electron Beam (%)

=
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events

events

events

1500

1000

500

600

400 |

200

400

SLD e‘e’ —e’e 97-98

-~ left polarised e beam
E +right polarised e beam

- ﬁﬁ{f"
] . -/"
;__L‘"‘F*:- gy e+ e

: 1 I 111 I | | 111 I I I 11 I 1

+ [

- SLD Z°—pn 9798 i
_ '
._::‘ﬁ v

g *::R‘:':_:‘ | '.H/ *

4
+1e

Lo e

L .-:;:
¥
-._4‘_}_* + 4 4

sLD 2’ 't 97-08 /F

1N 3
‘}\N‘\‘ - 4 x,r:f"k 4

Leptonic Final States

SLD

Asymmetry
clearly seen for
LH and RH
cross section.

SLD

All data:

30

A . =0.1513+0.0021

sin® 6, =0.23098+ 0.00026

With 0.5x10¢

Z-decays
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)
sin“ 6,

0.23099 A 0.00053
0.23159 A 0.00041 4 x 4.5 x 10° events
0.23098 A 0.00026 0.5M Z events

0.23221 A 0.00029
0.23220 A 0.00081
0.2324 A 0.0012

0.23153 A 0.00016

— SLD beats LEP in precision!
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T ||II1II| T lIIIIIIl T IIIIIIII I |I|II|I| ! II|II|I| T IIIIIIII T TTTTm T

- | —— current
— future

0245 | == SM 40,

@ eD-DIS

EQWIEJ {v-DIS

- —| | | == ASE |

0.24

mﬁ -AFB:
e -
m - -
0235 —
023 .

D.22~5 I IIIIII| § 1 IIIIII| | . | IIIIIII 1 1 IIIII:II 1 1 IIIIIII 1 1 IIIIIIi 1 1 rlHIil 1 L 5 ipini

0.001 0.01 0.1 1 10 100 1000

Q [GeV]

— discussion later
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was steadily increased up to

oning/Rodejohann 33 Standard Model of Particle Physics SS 2013



e'e > WW — ffff

Threshold behavior of the
cross section (kinematics,
phase space) for ee->WW

production:

Phase space factor = f(M,y, Vs):
— Allows determination of M,

=
@
3
=

T 2 - 5 ln.rn:r.':,m,z"_
207 LEP PRELIMINARY ol
B TYFSYWYW and Racoonywy

10 4

Kinematic threshold

160 180 200
Vs (GeV) #4

34 Standard Model of Particle Physics SS 2013



WW Candidates

jef-jed ), wrdis o= KL wi. B LeV

(od- jod X, mwis o N4.T er. fo8 Ga¥

Schoning/Rodejohann 35 Standard Model of Particle Physics SS 2013



TEVATRON A *— 80.432+0.039

Ep2 < % 2l 80.376+0.033

Average 80.399 + 0.025
wIOoF: 1.2/ 1

NuTeV A 80.136 + 0.084

LEP1/SLD 80.363 + 0.032

LEP1/SLD/m, 80.364 + 0.020
El[l | o Eﬁ.E | o 80.4 o | EEII.E |

mu;% [G E""q.\\\‘l]S’(andard Model of Partic::r:-ltf/:cs SS 2013



Standard Model of Particle Physics SS 2013



A Precise Determination of Electroweak Parameters in Neutrino-Nucleon Scattering

G. P. Zeller®, K. S. McFarland®?, T. Adams®*, A. Alton*, S. Avvakumov®, L. de Barbaro®, P. de Barbaro®, R. H. Bernstein?,
A. Bodek®, T. Bolton*, J. Brau®, D. Buchholz®, H. Budd®, L. Bugel®, J. Conrad?, R. B. Drucker®, B. T. Fleming?, R. Frey®,
J.A. Formaggio?, J. Goldman®, M. Goncharov?, D. A. Harris®, R. A. Johnson', J. H. Kim?, S. Koutsoliotas?, M. J. Lamm?,
W. Marsh?, D. Mason®, J. McDonald”, C. McNulty?, D. Naples”, P. Nienaber®, A. Romosan?, W. K. Sakumoto®,
H. Schellman®, M. H. Shaevitz?, P. Spentzouris?, E. G. Stern?, N. Suwonjandee!, M. Tzanov”, M. Vakili', A. Vaitaitis?,
U. K. Yang®, J. Yu?, and E. D. Zimmerman?
1 University of Cincinnati, Cincinnati, OH 45221
2 Columbia University, New York, NY 10027
3 Fermi National Accelerator Labora tory, Batavia, IL 60510
4 Kansas State University, Manhaittan, KS 66506
® Northwestern University, Evanston, IL 60208
Y University of Oregon, Eugene, OR 97403
" University of Pittsburgh, Pittsburgh, PA 15260
8 University of Rochester, Rochester; NY 14627
(February 4, 2008)

The NuTeV collaboration has extracted the electroweak parameter sin? Oy from the measurement of the

ratios of neutral current to charged current v and 7 cross-sections. Our value, sin® 8y """ = 0.2277 +
0.0013(stat ) + 0.0009(syst). ii 3 standard deviations fhbove the standard model prediction. We also present a
model independent analysis of the same data in terms of neutral-current quark couplings.

0.2277 + 0.0015 (2003)
0.22280 + 0.00035 (2004)
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March 2009

=> consistent with SM

Measurement Fit  |O™**-0™|/c™e*®
0O .1 2 3
Aoy (m,)  0.02758 + 0.00035 0.02767
m, [GeV] 91.1875+0.0021 91.1874
I,[GeV]  2.4952+0.0023  2.4959
Gpy [Nb] 41.540 + 0.037 41.478
R 20.767 + 0.025 20.742
AY) 0.01714 + 0.00095 0.01643
A(P.) 0.1465+ 0.0032  0.1480
= 0.21629 + 0.00066 0.21579
R, 0.1721 £0.0030  0.1723
AP 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
A(SLD) 0.1513+0.0021  0.1480
sin®0'”(Q,,) 0.2324 +0.0012  0.2314
m,, [GeV]  80.399 + 0.025 80.378
I, [GeV] 2.098 + 0.048 2.092
m, [GeV] 173.1+1.3 173.2

o 1 2 3

39 Standard Model of Particle Physics SS 2013



H1 O H1 prel (94-07)
68% CL | m | ZEUS prel (94-06)

uuuu

0.5

* Standard Model
-1+ ---- LEP EWWG

- CDF

-1 -0.5 0 0.5 1
a

o
L B ) L I B B B I
‘o
'
e !
‘y
‘-
'
PR IR
N
L ¥
a
.~ ’
-« 0w
o

omparison LEP, Tevatron, HERA
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Vs > 189 GeV: preliminary

| --' T fl'— T |

istence of triple
gauge coulings

@ Data
— Standard Model T
- —— no ZWW vertex 1
----- Vv, exchange

170 180 190 200
Vs [GeV]
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Test of trilinear gauge boson coupling in WW production

e W~ e W~
M
o« gS e 4 — g _ecosﬁw
o am sing,
et W+ et W+

Triple gauge coupling an important result of the non-abelian gauge structure.

Most general Lagrangian for VWW:

Ax,Ag, #0
Deviation from SM

L Joww =] gy ||/F (W W —wlrw™) =1,
all others 0

}l. T
- mrhf;wi; Vi + L VRWW
My

Interpretation for yYWW

+ 185 Suupo ((PW )W+ — W H(PW ) ) Ve

: — Y
+ g WHW, (VY + V) qw =*gy charge

AV ey, A g sy, a
A o o2 Y “ ap-

1+x, + 4
2Mw( . ’)

Dipol moment
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LEPEWWG/TGC/2005-01
Triple Gauge couplings:

Assuming electromagnetic gauge invariance as well as C and P
conservation, the number of independent TGCs reduces to five.
Common set: { g%, Kz, k,, Az, A, }

Parameters used by the LEP experiments are: g,4, «, A,

With additional gauge constraints %z = g7 — (1, — 1) tan®fy

)ﬁ.z — /\!'I.r-?.._

From a fit to the angular distribution of the WW:

Parameter 68 (L.
g7 09840075 |

ey 0,044 =1in SM
Ky 0.973" 3045

oo 0020 :

Standard Model structure of VWW triple boson coupling confirmed.
52
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¢ Tevatron
. SM constraint -
68% CL

Direct search lower limit (95% CL)
1990 1995 2000 2005

Year
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I I I | I I I | I
m=178.0+4.3 GeV
m,= 114...1000 GeV

m,

TAD& m,

68% CL_

1 1.002 1.004 1.006
P
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ctions

3ac0s* 0, m’ lla
e.g.: Ar(mt,MH)=_ e 4 ; o 2 n 2 +
16zsin*0 M, 48zsin“6, M,

Top-Quark Mass [GeV]

CDF —e— 176.1 + 6.6 | Direct
measurement
The; rr:neasuremgnt of the 5 1 1700451 [ nro
radiative corrections: t
Average 178.0+4.3

+DoF: 261 4

, 1 o
sin® off = 1(1 ~9v/94)

LEP1/SLD 172.6 * 132
. 2 . 2 )
o _ LEP1/SLD/m,/T,, 181.1° 27
Allows the indirect determi- '
nation of the unknown " 425 180 175 200
parameters m, and M, m, [GeV]

Good agreement between the indirect prediction of m, and the value obtained
in direct measurements confirm the radiative corrections of the SM

Prediction of m, by LEP before the discovery of the top at TEVATRON.
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q t
ge annihilation (85%)

Top decay (decays before hadronization)

m, =m, (b— jet W — jet+ jet)

inv

47

Channel used for mass reconstruction:

Events/(10 GeV)

gluon fusion (15%)

D& Run Il Preliminary

14

12

10

BT T e
100 120 140 160 180 200 220 240 260 280

Fit Mass (Ge®p
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e)]
o

50

Events/(5.0 GeV)

40

CDF Run Il Preliminary (2.9 fb™)

—— Data

48

> 2 tags events m:e

Prob = 0.569

150 200 250

C

- Fitted tt

" Fitted Bkg

~2/Ndof = 20.2 / 22

multi-channel
analysis

m ~ 172 (1) GeV

300
m’® (GeV)
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C)

_—| I 1 11 | 1T 1 1 | 1T 1 1 | T T 1 | T T 1 | T T 7 _t % B I | | L I | L L | | L | | L | | L | | L L
B ° ‘5 = o) ata - B ® \s=7TeV2011 Data =
- ATLAS e \tllt m ' T: 1\{?2051 ;Svt : G 6001 ATL_AS B m - 1725Gev "
2 e + jets 0 single top, m_=1725 GeV 10 - u + jets I singletop, m = 1725 GeV
5 _[L dt=1.0416" W Z+jets 1 & 500K IL dt=1.0416" [N Z+jets -
— WW, WZ, ZZ ] T L Ww, Wz, 2z -
B 7 W + jets 7 ] B W + jets i
[~ I QcCD mutiijets ] Lﬁ 400—_ ;+ I QCD multijets N
N 777 Uncertainty ] - v/ Uncertainty -
3 1 300- -
: 1 200F -
3_ - 1001 -
00 150 200 250 300 5 400 0700 150 200 250 300 350 400
Mige. (GEV] Migo [GEV]
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E _I | | | I 1 1 1 1 | 1 | | | | ] ] | | I 1 | | | 1 1 1 1 l 1 ] | |
O . ® ATLAS ----- NLO QCD (pp)
I_'It | (2.9pb™") =—— Approx. NNLO (pp)
o voMs o NLO QCD (pp) .
102 & @3.1pbY) ----- Approx. NNLO (pp) _.-:225 =
- = CDF = .

6.5 7 7.5

6 7/ 8
\'s [TeV]
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G, [pb]

10°

10

IIIIIII
—_—

Approx. NNLO (pp) .

- e
e

. ® ATLAS ----- NLO QCD (pp)
| (2.9 pb) —— Approx. NNLO (pp)
YCMS NLO QCD (pp)

- ._.
.

A
\
]

6.5 7

7.5

S 6

8

\'s [TeV]
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February 2012

80.5 ——— T
() LEPEWWG (2011) 68% CL (excluding Mw. rnw & direct Higgs exclusion) —
— {0 68% CL (by area) M_ (2009}, m_ =
— () 68% CL (by area) M., {2012}, m_ —
< 80.45 —
© b i
O ; z
2 804 |- -
9 2
= K
= 8035 [-
80.3 |-
oy AN T Ty ool Xy i
155 160 165 170 175 180 185 180 195

Top Mass (GeV)

Iggs mass should be light!
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