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] Where we are so far

* The main elements of the Standard Model of particle
physics have been described

* There are 12 fundamental spin-half fermions (particles
and anti-particles): Dirac equation

* The interactions between particles are described by the
exchange of spin-1 gauge bosons : local gauge
principle

* Underlying gauge symmetry of the Standard Model is
U(l)y x SU(2),, x SU(3).: EM and weak interactions
described by the unified electroweak theory

* The predictions of the Electroweak theory were
confronted with precision measurements at LEP
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* Large Electron Positron collider at CERN (1989-2000)
* Designed as a Z and W boson factory

e~ f - W

* Highest energy e*e™ collider ever
built: /s = 90-209 GeV
* Circumference: 27 km (LEP tunnel used for the LHC)
* The 4 experiments combined: 16 X 10° Z events,
30 X 10° W events
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* One of the 4 experiments at LEP
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* We already calculated the QED process

* The matrix elements: 5
62 gz

MY oc q_2 Mz « q2 ~ m%
* The QED process dominates at low centre of mass
energy (q% = s)
* In the region \/s~m, the Z-boson process dominates
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* The Z boson is not a stable particle: propagator modified

1 1

2 2 > 2
7 g — my

WV

+ imzly

* And the cross section is proportional to:
1

(s —m35)? + mT7

g &

Breit-Wigner resonance
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Z. resonance

* Below 40 GeV: QED process ' r ' —
dominates T S i
* Between 50 and 80 GeV: o QED E
contributions from both L i
processes U
* Around the resonance: Z e y
boson process dominates i
* Away from the resonance: ok S T .3
0 100 200

both processes of the same
order of magnitude (EW
unification)

\s/GeV
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<> Z production cross section

* The cross section calculation around the resonance would
only need the Z boson contribution

e H
97 - L(e _ e.5
Myi = - Z—_ P [v(pz)y“ L(e§ — ) ulpy )] X
|(p3)y" 3 (e}, = ) v(pa)].
with the corresponding vector and e' et

axial couplings to the Z boson
* The rest of the procedure is similar to the QED calculation
* Around the resonance, the masses of the leptons can be
ignored
* In this scenario, the helicity and chiral states are the same
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<> Z production cross section

* The cross section calculation around the resonance would
only need the Z boson contribution

e H
97
— = | e e.5
Myi=— o imzrz)gﬂv [v(pz)y“ 3 (cv —CuY ) u(p; )] X
|(p3)y" 3 (e}, = ) v(pa)].
with cy = (cp +cRr)

ca = (cL —cr)

g5

My = —
7 (s — m% + imyzI1'7) L

S U(p2)YH PLu(py) + cxB(p2)y* Pru(p)| %

L it(p3)y” PLu(ps) + cRii(p3)y” Pro(ps) |
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Z production cross section

* The cross section calculation around the resonance would

only need the Z boson contribution
9;
T imzrz)

Mpi = G |50(P2)YH PLu(p1) + CR(p2)y* Pru(pr)|

2

(s —m;

|ch(p3)y" PLo(pa) + ciii(p3)y” Pro(pa))|
here my > m,, so:
Pru=u, Pru=uy Pro=vy Pro=yy

and only 4 contributions to the matrix element are non
Zero:

Mg = =Pz(8) g € Gy [0, (p2)y 1y (p1)] [ (p3)y vy (pa)

Mg = —Pz(s) g5, ¢xcl guy [0 (p2)y iy (p1)] [y (p3)y v (pa)]

Mk = =Pz(5) g5 5. guv [01(p2)y "1, (p1)] [ (p3)y vy (pa)]

My = =Pz(s) g5 €55 gur [0p(p2)y* uy(p)] [y (p3)y vy (pa)]
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371 Z production cross section

* The cross section calculation around the resonance would
only need the Z boson contribution

Mgr = =P7(8) g5 3 Gy [01(p2)y 1y (p)] (17 (p3)y 01 (pa)]
Mgr = =P7(8) g5 e guy [01(p2)y ur(p)] [y (p3)yY v (pa)
Mur = =Pz(s) g5, ¢§ % guv [01(p2)y*uy (p)] [ (p3)y vy (pa)
Myt = =P7(5) g5 ¢5.¢5 gy [01(p2)y*uy (p)]1 11, (p3)y vy (pa)]
with Pz(s) = 1/(s — m} + imzI'z)

* The combinations are identical to the ones derived for QED:

Mggrl? = |Pz(s)]? g%sz(cfe)z(cz)z(l + cos 0)°

Mgil? = IP2(s)* g7 5*(c)*(c)*(1 — cos §)

Mugrl? = IP7(s)* g75°(c5)*(ch)*(1 — cos §)

Ml = [P2(s))* g7 s*(c5)*(c)*(1 + cos )
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/] Z production cross section

* Analogous to the QED calculation, averaging over the initial
state spin configurations:

1
(IMP) = 7 (IMrel” + IMLLP + IMLgP + I MeeP)

N 975’ 20 N2 L (€12 (2 2
— 1
(IM| T p—T x{[(cR) (65)" +(e;) () ]( + cos 6)

+ | () + ()R] (1 = cos 0)* }
* Going back to the vector and axial couplings, the
differential cross section:
do- 1 . g‘é 52
dQ  256r%s (s —m2)* +m3l2

{}1 [(c‘;’,)2 + (cf\)z] [(c*‘k,)2 + (cﬁ)z] (1 + Cos” 9) + 2cf,cf‘cl:,cg COS 9}

X

LA-CoNGA physics iSUENA BIEN!



{7] Z production cross section

* And the total cross section:

1 gy, s
1927 (s — m2)? + m2T5

oete” > Z - ) = [(€§)%+ ()2 |[ (e + ()?]

This can be expressed in terms of the partial decay rates of
the Z boson:

2 2
g,mz 97M7 2 3
Lee = 42-871' [(C%/)z + (CZ)Z] Ly = 4877 [(Cp‘t/) b (CB\) ]

127TS reeruu
m% (s — m%)2 +m

oglee” > Z-outu) = =
7' 7
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<> Z production cross section

* The cross section calculation around the resonance would
only need the Z boson contribution

127ts reeruu
m% (s — m%)2 +m

+ - +..0-\
ole’e >Z-uun)= =)
/7 7
* The cross section for other final state fermions can be

obtained replacing the partial decay rates into muons with
the corresponding partial decay rates: I g

* The maximum value for the cross section:
O . 127( reerﬁ‘

o
ff 2 12
m; 17
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Z production cross section

* The cross section calculation around the resonance would
only need the Z boson contribution

127rs 1—‘ee Fuu

% 2N 2
m; (s —m;)” +m;l7Z

oglee > Z - uu)=

* The maximum value for the cross section:

O-O _ 127T reerﬁ'
TS

* The cross section falls to half the maximum value at:

\/_ =myz +1,/2
* So the total decay rate is the width of the cross-section
distribution

LA-CoNGA physics iSUENA BIEN!



<{>] Z mass measurement

* In practice, initial state radiation diagrams should be
included

* This reduces the centre of mass energy of the collision and
smears out the resonance

e y e 7 y e iy

et “+ et i et Y u+

* At LEP the mass of the Z boson and its decay width were
measured by measuring the cross section for €€ = Z — qq
at different centre-of-mass energies

LA-CoNGA physics iSUENA BIEN!



Z. mass measurement
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® Mass of the Z boson < 40 / i\ :

: B ” e 1

* Total decay width ol o ERN -
° _ : £ L3 { \

Peak cross-section Sl AL N i

mz = 91.1875 + 0.0021 GeV
[, =2.4952 + 0.0023GeV 20|

| ¢ measurements, error bars

increased by factor 10~ /
’
’

* Measured with high ol ;
level precision | = GG

L l 1 L A l L 1 L 1 A .leZl ' 1
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E_ [GeV]
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7] Number of generations

* The Z boson couples to all fermions
* The total decay width has contributions from all fermions

Iz =Tee + FMM + 1’31 + I'hadrons + Fvevc + F\’u\’u + 1y

V1

* If there were more generations, the decay width of the Z
boson would be affected by it

LA-CoNGA physics iSUENA BIEN!



7] Number of generations

* The Z boson couples to all fermions
* The total decay width has contributions from all fermions

Iz =Tee + FMM + 1’31 + I'hadrons + rvevc + FVHVH + 1y

V1

* If there were more generations, the decay width of the Z
boson would be affected by it

7 = 3F€5 + 1_‘hadrons + Nyl

_ (FZ — 3r€€ — 1ﬂhadrons)

N,
LW
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Number of generations

* The Z boson couples to all fermions
* The total decay width has contributions from all fermions

Iz =Tee + FMM + 1’31 + I'hadrons + rvevc + FVHVH + 1y

V1

* If there were more generations, the decay width of the Z
boson would be affected by it

* The decay width to fermions can be calculated using the
vertex coupling:

Q%mz
4871

[(Z — ff) = (¢ +c5)

['(Z — veve) =

* In particular for neutrinos: g%mz 1+1
48r \4 4
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7] Number of generations

* The Z boson couples to all fermions
* The total decay width has contributions from all fermions

Iz =Tee + FMM + 1’31 + I'hadrons + rvevc + FVHVH + 1y

V1

* If there were more generations, the decay width of the Z
boson would be affected by it

7 = 3F€5 + 1_‘hadrons + Nyl

@' 3r€€ T 1ﬂhadrons)

[&

calculated

N, =

measure
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Number of generations

* The Z boson couples to all fermions
* The total decay width has contributions from all fermions

Iz =Tee + FMM + 1’31 + I'hadrons + rvevc + FVHVH + 1y

V1

* If there were more generations, the decay width of the Z
boson would be affected by it

l—‘Z — 3F£€ + 1_‘hadrons + N VFVV

_ (FZ - 3r€£ - l_‘hadrons)
Ny = SM
FV\’
* And from the cross section peak of the Z resonance:
127 l“eel"ﬁr

2 12
my 17

oeTe” > Z — ff) =
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Number of generations

The Z boson couples to all fermions
The total decay width has contributions from all fermions

Iz =Tee + FMM + 1’31 + I'hadrons + rvevc + FVHVH + 1y

V1

If there were more generations, the decay width of the Z2
boson would be affected by it

l—‘Z — 3F£€ + 1_‘hadrons + N VFVV
Nv _ (FZ _Qrff - lﬂhadroné}

bog
And from the cross section peak of the Z resonance:
127 l“eel"ﬁr

2 12
my 17

oeTe” > Z — ff) =
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{?] Number of generations

* The Z boson couples to all fermions
* The total decay width has contributions from all fermions

N, = (FZ - 3F€£ - 1_‘hadrons)

V sy
h e s 4 # 83.91+£0.12 MeV
ee . . /1€
[ 83.99+0.18 MeV

N, =2.9840 £ 0.0082

e 84.08-£0.22 MoV
g 1744.442.0 MoV

N,T,,  499.041.5 MeV
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<> Number of generations

* Most likely, only 3 generations of fermions
* Universality of lepton couplings

. E 2
* Calculated cross section e e "
assumes 3 colours I
[ OPAL

o
<
T

| ¢ average measurements,
error bars increased
by factor 10

10

'oss 39 90 91 92 93 94 95 .oss 89 90 91 92 93 94 95 Ecm [GeV]
Vs(GeV) Vs(GeV)

LA-CoNGA physics iSUENA BIEN!



(} Weak mixing angle

* The weak mixing angle relates all couplings in the EW
model and is therefore a fundamental parameter
* It can be measured through the ratio between vector and

axial couplings: v 20 sin? Gy
CA B [g])
For charged leptons: |,
C
—Z = 1 — 4sin® Oy
Ca

* At LEP this could be measured by measuring the forward-
backward asymmetry of leptons produced

LA-CoNGA physics iSUENA BIEN!



() Weak mixing angle

* At LEP this could be measured by measuring the forward-
backward asymmetry of leptons produced

B:9>m/?2 F:0<m/?2 B

/{' u_
6 % \
e > | ¢ e

-

2 ;
- My M2 —>—T
e

* The cross section has the form:

d
d—g oc a(l + cos’ 0) + 2bcos 6

if the couplings were the same, b would be zero and the
angular distribution would have the same form as in QED

LA-CoNGA physics iSUENA BIEN!



<> Weak mixing angle

* At LEP this could be measured by measuring the forward-
backward asymmetry of leptons produced

OF —0UB

t _
AFB_
O +0p

where the forward and backward cross sections can be
obtained integrating in different hemispheres:

1 0
do do
OF = 27Tf ——d(cos 6) op = 27rf ——d(cos 6)
o dQ _1 dQ

| _ L _
o'pocf a(l + cos’ @) + 2b cos 6| d(cos 6) =f a(l +x2) + 2bx|dx = (%‘a + b)
0 - : ‘ : )

0
0 ) 0 .
chocf a(l + cos® 0) + 2b cos 0| d(cos ) = a(l + x*) + 2bx|dx = (%a—b)
. : = ;

LA-CoNGA physics iSUENA BIEN!



<> Weak mixing angle

* At LEP this could be measured by measuring the forward-
backward asymmetry of leptons produced

OF —0UB

AL =
kB O +0p
where the forward and backward cross sections can be
obtained integrating in different hemispheres:

OF — OB 319
or+opg 4a

a=[(c)? + P[P+ ?]  b=[c)? - (][ - (p?

3 [<c§;>2 - (c;>2] | [@;{)2 - (c’;;>2]

Pl (2] [+
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<> Weak mixing angle

* At LEP this could be measured by measuring the forward-
backward asymmetry of leptons produced

OF —0UB

AL =
kB O +0p
where the forward and backward cross sections can be
obtained integrating in different hemispheres:

OF — OB 319
or+opg 4a

* In terms of the coupling constants: Agg = %Jlfcﬂfr
ff
2cyc,

()2 (D)2

LA-CoNGA physics iSUENA BIEN!
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* At LEP the cleanest way of measuring Agg is in lepton final
states

ete” - W I [ ete” > T
0 L | L | L | L 0 L | L | L | L
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
cos 6, cos O~

A%, =0.0145+£0.0025 AL, =0.0169+£0.0013  Apg=0.0188+0.0017

3 , 3 3
Afp = 77 Apg = 7AA, App = ;AT
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* At LEP the cleanest way of measuring Agg is in lepton final
states

ete” - W I [ ete” > T
0 : I i I ; | ’ 0 ; I g I i | .
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
cos 6, cos 0.~

A%, =0.0145+£0.0025 AL, =0.0169+£0.0013  Apg=0.0188+0.0017

A. =0.1514 £0.0019 A, =0.1456 £ 0.0091 A; = 0.1449 £ 0.0040
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?] Weak mixing angle

* At LEP the cleanest way of measuring Agg is in lepton final
states

A% = 0.0145 £ 0.0025 A;B =0.0169 + 0.0013 A%z =0.0188 +£0.0017

Ac = 0.1514+£0.0019 7, = 0.1456 £ 0.0091 Fx = 0.1449 = 0.0040

7= 2cy/ca
1+ (cv/ca)?
C :
= =1 - 4sin? Ow
CA

* Combining all measurements:

sin’ Oy = 0.23146 + 0.00012
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WHW™ — e Ve U™V, W'W™ = e V,q¢05 W'W™ — q410,0304

leptonic semi-leptonic hadronic
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WHW™ — e Ve U™V, W'W™ = e V,q¢05 W'W™ — q410,0304

leptonic semi-leptonic hadronic

* We know the cross section is proportional to the decay
rates, so we can measure the branching fractions

LA-CoNGA physics iSUENA BIEN!



{»] W bosons at LEP

* We know the cross section is proportional to the decay
rates, so we can measure the branching fractions

12 )
Naqqq [BR(W — qq )] Nevey o« [1 — BR(W — qq')]

BR(W — qq) = 67.41 + 0.27%

LA-CoNGA physics iSUENA BIEN!



<> W bosons at LEP

* We know the cross section is proportional to the decay
rates, so we can measure the branching fractions

12 )
Naqaq [BR(W — qq )] Nevey o« [1 — BR(W — qql)]

BR(WW — qq') = 67.41 £0.27%
* From the EW Model.:

g%vmw
48
(W™ = e ve)=T(W - uv)=T'(W — 1 v)

I'W™ > e ve) =

T(W™ — du) =3|Vya|* Tey [(W™ — dC) = 3|Vg[* Tey
(W™ —su)=3 Vus|2 Lev (W™ —sc)=3 Vcs|2 Ley
(W™ = bu) =3|Vyp|?> Tey (W™ = bc) =3|Vep|* Tey
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<> W bosons at LEP

* We know the cross section is proportional to the decay
rates, so we can measure the branching fractions
2 —\ ]2
Nqqqq & | BROW = q@)| Nevey o< [1 = BROW = q)|
BR(W - q@) = 67.41 £ 0.27%

* From the EW Model:
(W™ - qq) =6T(W™ —e™V)

s (my)
T

1+

] ~ 1.038

2
g“ﬂn“f

487

Kocbp =

I'w=0B+6kocp)TW™ — e ve) = 9.2 X = 2.1GeV

6KQCD

BR(W — qql) = 3 n 6KQCD

= 67.5%
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<?] W boson mass and width

* The W-pair production at LEP is not a resonant process, like
the Z boson production

* The mass and width can be obtained .-
through direct reconstruction of the
invariant masses of the W decays

my = 80.376 = 0.033 GeV
I'w = 2.195 £ 0.083 GeV

L RAR AR RN RN R RRAN AR i

b el - s 2 I Ls
60 70 80 920 0 60 70 80 90
M /GeV M /GeV

A T o AAAAA LS.
g
g
A 250
200
150
100

60 70 80 90
M /GeV
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%] W mass loop corrections

* When comparing to the precise measurements from LEP,
higher order corrections must be taken into account

* For example, the W mass has corrections related to the top
quark and the Higgs boson

t W
- + + ,\,‘{‘J\,\L\,\ + ...
W W \\__/l
b H

My
mw:m(v)v+amt2+bln(—)+---

mw

* The measurements from LEP for the EW parameters,

together with the quantum loop effects, predict a top quark
mass of 175+ 11 GeV...

LA-CoNGA physics iSUENA BIEN!



The Top quark

* The top quark is the “heaviest” fundamental particle we
know

* It could not be observed at LEP, it was discovered at the
Tevatron in 1994

LA-CoNGA physics
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The TeVatron

* [t is possible to achieve higher centre of mass energies
with hadron colliders than with ete™ colliders

* They are central in the production of new heavy particles

* Underlying process: parton-parton scattering

TeVatron (1987'2010) » Located at Fermilab, Chicago, USA

* pp collisions at+/s = 1.8 TeV
 Two main experiments:
CDF and DO FERMILAB'S AC(iELERA’I‘OR CHAIN

= __ MAIN INJECTOR

COCKCROFT-WALTON

LA-CoNGA physics
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The Top quark

* The top quark is the “heaviest” fundamental particle we
know

* It could not be observed at LEP, it was discovered at the
Tevatron in 1994

* It has a short lifetime and decays before hadronisation

* It decays almost exclusively into a W boson and a b quark

* At hadron colliders it is easier to look for the semi-leptonic
channel:

qq — tt > bW bW~

LA-CoNGA physics iSUENA BIEN!



The Top quark

* At hadron colliders it is easier to look for the semi-leptonic
channel
* First observation of top quark (CDF)

6 — :
i '§ B
5 :
e 1 F —_ " + 1 —
o 3 = 0 F qq—>tt—>bW bVV
= -
a_l at s ads gl a1y
160 170 180 199
s L _ Top Mass (GeV/c")
N§ ﬂ
3 -
s 3r ey
=z ! :
g .
2 b _ L.
w L
L
1 [~ 1 -1 1
‘ M M. ey "'L..,____."
0 N N T TR B s s WO ST u
80 100 120 140 160 180 200 220 240 260 280 b

Reconstructed Mass (GcV/c’)
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The Top quark

* To measure the top quark mass we reconstruct the invariant
mass of its decay products (as with the W)

* Need to identify the b-jet: b-tagging

* b quarks have a longer lifetime than the other quarks

* The b quark travels some distance from the interaction point
before decaying: secondary vertex

Secondary vertex Secondary vertex
BO decay B decay

Primary vertex

LA-CoNGA physics iSUENA BIEN!



The Top quark

* To measure the top quark mass we reconstruct the invariant
mass of its decay products (as with the W)
tt = (bWH(bBW™) - (bqiq,) (bq3q,) — 6 jets,
tt = (bBWH(OW™) = (bqiq,) (b £ Vp) — 4 jets + 1, charged lepton + 1v
tt = (bWH)(OW™) = (b vy) (b€ Vp) — 2 jets + 2 charged leptons + 2vs

Tevatron average result: m; = 173.5 £ 1.0GeV

b
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Summary

« The weak current has a V-A structure —IgwW |, [
- W boson coupling to leptons constant V2 7y (L=7)
(lepton universality)

-
g%v Sm%VGF 1
aw = = ~ —
dm - 4v2m 30 g=d,s,b gw Vaq
Gr=1.16638 x 107> GeV 2
¢ =u,c,t

W boson coupling to quarks depends on CKM matrix

 The W boson always changes quark flavour

* Mixing between different families can occur but less
likely

* Parity and Charge conjugation is violated by the charged
weak current: only couples to LH particles (RH anti-particles)
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sSummary

* The charged weak interaction alone does not fully explain W-
pair production (cross section diverges)

* Neutral gauge boson needed: Z boson | ., cuueon _
° Unlfled SU(Z) L XU(]_)Y g' aug’e theory 40 . No ZW* W~ vertex _
* One new parameter relates all ;g [ Alithree diagrams o
couplings: : |
sin® Gy = 0.23146 + 0.00012 o Xl -
a 82 : 3
— = —— =sIn" Oy ~ 0.23 Sy
a 1 . . . . .
v gw ° 1(130 1&130 2(IJO
gw € \s/GeV
gz - = 1 By e e Z = Vbe, VD, V- =
COSHW SlnHWCOSHW Z—e'e ./1;// ,_/ j— Doy Vi, Vs, 7 = 4§
. 1 5 A ‘~\< VA W< 7 w<
_15927# [CV — CAY ] L q

LA-CoNGA physics
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Summary

* LEP made some impressive precise tests of the EW Model.:

my = 91.1875 + 0.0021 GeV Gr = 1.1663787(6) x 107> GeV >

mw = 80.385 = 0.015 GeV sin By = 0.23146 + 0.00012

PR ~ 2.984 2
a(my) = 5801 = 002 N, 9840 + 0.008

* These measurements are consistent with the relations
between constants established in the EW model

* The model works! (we are missing a way of giving mass to
the W and 2)

* The top quark discovered at the Tevatron completes the
spectrum of quarks: m; = 173.5 + 1.0GeV

* This value is as predicted by the quantum loop corrections
of the EW model — impressive!
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* Top mass world combination

Tevatron+LHC m,,, combination - March 2014, L_ =35fb"- 8.7 fo!
, ATLAS + CDF + CMS + DO Preliminary
CRZSEO”’ Hjets ——— = 172.85+ 1.12(0.52+ 0.49+0.86)
cor unll driepton o ' 170.28 £3.69(1.95  +3.13)
cor Runll alljets e — 172.47 + 2.01(1.43+ 0.95+ 1.04)
Cﬁiiiﬁ”’ B ets P —— 4 173.93 = 1.85 (1.26 + 1.05+ 0.86)
PO Rl et bttt 174.94 + 1.50 (0.83+0.47 +1.16)
PO Fanll driepton - o 174.00 + 2.79 (2.36 + 0.55+ 1.38)
ATLAS 2011, l+jets —_— e — 172.31+ 1.55(0.23+0.72+ 1.35)
ALTW:L:/E'EO”’ dilepton — — 173.09+1.63 (064  +1.50)
CLMSji” IHjets —_— — 173.49 + 1.06 (0.27+0.33+0.97)
Cﬁiii“’ di-lepton NP 172.50 + 1.52 (0.43 +1.46)
S I Alle —_— it 173.49 £ 1.41(069  +1.23)
World comb. 2014 %/ =421 o= 173.34 £ 0.76(0.27 £ 0.24+0.67)
25 Tevatron March 2013 (Run el r——- 173.20 4 0.87 (051 0.36+ 061)
8 S Lhe September 2013 b— 11— 173.29 + 0.95 (0.23+0.26 + 0.88)
o | | | total  (stat, syst)
165 170 175 180 185
r'ntop [GeV]
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(} Summary

e W boson mass

LA-CoNGA physics

SM
DO | 80478 t 83 ®
CDF | 80432 + 79 ®
DELPHI 80336 t 67 o
L3 80270 £ 55 ——&——
OPAL 80415 £ 52 ——
ALEPH 80440 + 51 ——
DO I 80376 t 23 ——
ATLAS 80370 £ 19 -0~
CDF I 80433 £ 9 L 2

lllllllllIllIlIllllllllllllllllll

79900 80000 80100 80200 80300 80400 80500
W boson mass (MeV/c?)
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sSummary

* Top mass vs. W boson mass

; [ T T T T I T T T T I T T T T I T : ? T T T I‘ T T I T /;
[ —  68% and 95% CL contours [ ™ world comb. + 15 .
O = il m =173.34 GeV i
= 80.5 — ' fitw/o M, and m measurements il --0=076Gev P —
E; N fitw/o M,,, m and M, measurements | | — © =076 ©050, ;GeV A
B direct MW and m, measurements ; ’ ]
80.45 [— ]
80.4 C 7 N
M, world comb. = 1o - T
80.35 [— M, = 80385 + 0.015 GeV y —
80.3 - g | =
B e N 1Y ]
N & . o 0@ o ]
8025 — .97 s S Y1 —
TTE W W W W .
C 'l’ . 1 1  § 1 1 1 1 l’ i 1 1 1 { R //l 1 b i‘ 1 1 l 1 1 1 1 l 1 l—

140 150 160 170 180 190
m, [GeV]

* arXiv:1407.3792
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M,, [GeV]
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80.40

80.35

IIIIIIII|IIII|IIII|IIII|II|I|III

~ Experimental unc. 68% CL y
- - - -~ LEP2/Tevatron Light supersymmetry _|

»n
| = This measurement

Heinemeyer, Hollik, Weiglein, Zeune 20 ™|
111 1 | 11 1 | 1111 | 111 1 | 111 1 | 111 | 111 1
171 172 173 174 175 176 177 178
m, [GeV]

* https://doi.org/10.1 126/science.abk |78
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