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“The other double trace of the same type (figure 5) shows closely
together the thin trace of an electron of 37 MeV, and a much more strongly ionizing
positive particle whith a much larger bending radius. The nature of this particle is
unknown; for a proton it does not ionize enough and for a positive electron the ionization
is too strong. The present double trace is probably a segment from a "shower” of
particles as they have been observed by Blackett and Occhialini, i.e. the result of a

nuclear explosion”.

Kunze, P., Z. Phys. 83, (1933) 1
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Standard Model Interactions
(Forces Mediated by Gauge Bosons)

X X
z g
X X

X is any fermion in Xis electrically charged.  Xis any quark.
the Standard Model.
D v 9
" M g
L
U 9
U is a up-type quark; Lis a lepton andv is the

D is adown-type quark.  corresponding neutrino.

W~ W
X Y
X

Xisa photon or Z-boson. X andY are any two
electroweak bosons such
that charge is conserved.
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110 obtaining the expression (11) the mass difference bra is slightly larger than that (0.23%) obtained from

between the charged and neutral has been ignored. the p-dominance model of Ref. 2. This seems to be
2. Ademollo and R. Gatto, Nuovo Cimento 44A, 282 true also in the other case of the ratio I'(n—~ 7'77y)/

(1966); see also J. Pasupathy and R. E. Marshak, I'(yy) calculated in Refs. 12 and 14,

Phys. Rev. Letters 17, 888 (1966). L. M. Brown and P, Singer, Phys. Rev. Letters 8,

B3The predicted ratio [eq. (12)] from the current alge- 460 (1962),

A MODEL OF LEPTONS*

Steven Weinbergf
Laboratory for Nuclear Science and Physics Department,
Massachusetts Institute of Technology, Cambridge, Massachusetts

i ber 1967)

Leptons interact only with photons, and with and on a right-handed singlet
the intermediate bosons that presumably me-
diate weak interactions. What could be more R=[3(1-y,)le. (2)
natural than to unite' these spin-one bosons
into a multiplet of gauge fields ? Standing in The largest group that leaves invariant the kine-
the way of this synthesis are the obvious dif- matic terms —LyH B L-RyHd uR of the Lagrang-

ferr:*l_m.es in the masses hc_:[ Fhe phof_cpn and__i_nter- ian consists of the electronic isospin T acting
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and

-:p,r{tpuwm-mfﬁ 0um @0-e"N T, (5)
The condition that ¢, have zero vacuum expec-
tation value to all orders of perturbation the-
ory tells us that A* &M */2k, and therefore the
field ¢, has mass M, while @, and ¢~ have mass
zero. But we can easily see that the Goldstone
bosons represented by v, and ¢~ have no phys-
feal coupling, The Lagrangian 8 gauge invar-
fant, so we can perform a combined lsospin
and hypercharge gauge transformation which
eliminates ¢~ and ¢, everywhere” without chang-
ing anything else. We will see that G is very
small, and in any case M, might be very large,’
so the ¢, couplings will also be disregarded
in the following.

The effect of all this is just to replace ¢ ev-
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|&d Selected for a Viewpoint in Physics
PHYSICAL REVIEW LETTERS

PRL 114, 191803 (2015)

week ending
15 MAY 2015

S

Combined Measurement of the Higgs Boson Mass in pp Collisions at \/s = 7 and 8 TeV
with the ATLAS and CMS Experiments

G. Aad et al”

(ATLAS Collaboration)

(CMS Collaboration)*
(Received 25 March 2015; published 14 May 2015)

A measurement of the Higgs boson mass 1s presented based on the combined data samples of the ATLAS
and CMS experiments at the CERN LHC in the H — yy and H — ZZ — 4¢ decay channels. The results
are obtained from a simultaneous fit to the reconstucted invariant mass peaks in the two channels and
for the two expenments. The measured masses from the individual channels and the two experiments
are found to be consistent among themselves. The combined measured mass of the Higgs boson is

my = 125.00 £ 0.21 (stat) £ 0.11 (syst) GeV.

DOI: 10.1103/PhysRevLett.114.191803

The study of the mechanism of electroweak symmetry
breaking is one of the principal goals of the CERN LHC
program. In the standard model (SM), this symmetry
breaking is achieved through the introduction of a complex
doublet scalar field, leading to the prediction of the
Higgs boson H [1-6], whose mass my 1s, however, not
predicted by the theory. In 2012, the ATLAS and CMS

T TTS

PACS numbers: 14.80.Bn, 13.85.0k

This Letter describes a combination of the Run 1 data
from the two experiments, leading to improved precision
for my. Besides its intrinsic importance as a fundamental
parameter, improved knowledge of my yields more precise
predictions for the other Higgs boson properties.
Furthermore, the combined mass measurement provides
a first step towards combinations of other quantities, such
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parameter, improved knowledge of my yields more precise
predictions for the other Higgs boson properties.
Furthermore, the combined mass measurement provides
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FIG. 2 (color online). Summary of Higgs boson mass measurements from the individual analyses of ATLAS and CMS and from the
combined analysis presented here. The systematic (narower, magenta-shaded bands), statistical (wider, yellow-shaded bands), and total
(black error bars) uncertainties are indicated. The (red) vertical line and corresponding (gray) shaded column indicate the central value
and the total uncertainty of the combined measurement, respectively.
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FIG. 4 (color online). Summary of likelihood scans in the 2D
plane of signal strength ¢ versus Higgs boson mass my for the
ATLAS and CMS experiments. The 68% C.L. confidence regions
of the individual measurements are shown by the dashed curves
and of the overall combination by the solid curve. The markers
indicate the respective best-fit values. The SM signal strength is
indicated by the horizontal line at u = 1.
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PRL 115, 111803 (2015) PHYSICAL REVIEW LETTERS 11 SEPTEMBER 2015

54

Measurement of the Ratio of Branching Fractions B(B' - D**tv,)/B(B" - D**pv,)

R. Aaij et al.”

(LHCb Collaboration)
(Received 30 June 2015; published 9 September 2015; corrected 14 September 2015)

The branching fraction ratio R(D*) = B(B® » D**r™i,)/B(B® - D**pp,) is measured using a
sample of proton-proton collision data corresponding to 3.0 fb~! of integrated luminosity recorded by the
LHCb experiment during 2011 and 2012. The tau lepton is identified in the decay mode 7~ — y~v,v,. The
semitauonic decay is sensitive to contributions from non-standard-model particles that preferentially couple
to the third generation of fermions, in particular, Higgs-like charged scalars. A multidimensional fit to
kinematic distributions of the candidate B° decays gives R(D*) = 0.336 + 0.027(stat) + 0.030(syst). This
result, which 1s the first measurement of this quantity at a hadron collider, is 2.1 standard deviations larger
than the value expected from lepton universality in the standard model T —

-
DOL: 10.1103/PhysRevLett. 115.111803 PACS numbers: 13.20.He, 14.8(0.Fd

Lepton universality, enshrined within the standard model ~ data correspond to integrated luminosities of 1.0 fb~! and
(SM), requires equality of couplings between the gauge 2.0 fb™', collected at proton-proton (pp) center-of-mass
bosons and the three families of leptons. Hints of lepton  energies of 7 TeV and 8 TeV, respectively. The B° —
nonuniversal effectsin B* - K*e*e” and B* - K'utu~™  D*'1 5. decav with = - u~D.v- (the sional channel) and
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R. Aaij ef al.”

(LHCb Collaboration)
(Received 30 June 2015; published 9 September 2015; cormrected 14 September 2015)
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sample of proton-proton collision data corresponding to 3.0 fb~! of integrated luminosity recorded by the
LHCb experiment during 2011 and 2012. The tau lepton is identified in the decay mode 7~ — y~v,v,. The
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to the third generation of fermions, in particular, Higgs-like charged scalars. A multidimensional fit to 2

kinematic distributions of the candidate B° decays gives R(D*) = 0.3

0O(syst). This

result, which is the first measurement of this quantity at a hadron cqllider, is 2.1 standard deviatipns larger

than the value expected from lepton universality in the standard

DOI: 10.1103/PhysRevLett.115.111803

Lepton universality, enshrined within the standard model
(SM), requires equality of couplings between the gauge
bosons and the three families of leptons. Hints of lepton
nonuniversal effectsin B¥ - K*e*e™ and BY - K utu~

PACS numbers: 13.20.He, 14.80.Fd

data correspond to integrated luminosities of 1.0 fb~! and
2.0 fb™!, collected at proton-proton (pp) center-of-mass
energies of 7 TeV and 8 TeV, respectively. The B’ —

D** . decav with 7~ = u~1.v. (the sional channel) and
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Gauge Coupling Unification in SUSY
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Standard Model and beyond

extended Higgs extended left-right
sectors technicolor symmetry

universal extra large extra warped extra gauge-Higgs
dimensions dimensions dimensions unification models

unparticles Little Higgs hidden valleys not yet thought of ...



