beyond the Standard Model ?
« Higgs discovery and... still the Standard Model
e Wimp miracle ?

neutrinos \
* only physics beyond the standard

model, but still veiled in mystery
* cosmology, astronomy, pyramids,..




why are the weak interactions so
weak ?
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LA RICERCA SCIENTIFICA

ED Il PROGRESSO TECNICO NELL' ECONOMIA NAZIONALE.

Tentativo di una teoria dell' emissione
dei raggi “beta”

Nots dol prof. ENRICO FERMI

Rinssunto: Teoria della emissione dei nJgi B delie sostanze radicattive, fondata sul-

Vipotesi che gli elettroni emessi dai puclei non esistano prima della disintegrazione

ma vengano formati, insieme ad un newtring, in modo analogo alla formazione di

un quanto di luce che gna un salto di mn atomo. Confromto della
teoria con esperienza.

neutrino: e l'energia liberata mel processc si ripartirebbe comunque tra |
due corpuscoli in modo appunto che V'energia dell'elettrone possa prendere
tutti i valori da 0 fino ad un certo massimo_ Il neutrino d'altra parte, a causa
della sua neutralita elettrica e della piccolissima massa, avrebbe un potere
penetrante cosi elevato da sfuggire praticamente ad ogni attuale metodo di
osservazione. Nella teoria che ci proponiamo di esporre c¢i metteremo dal
punto di vista della ipotesi dell'esistenza del neutrino.

Tentativo di una teoria dell'emissione

dei raggi "beta"
Nota del prof. ENRICO FERMI

https://www.phys.uniroma1.it/DipWeb/museo/collezione%20Fermi/documentol.htm

12/6/16, 12:07 PM

= 1.1663787(6) x 107> GeV *

Fermi 1933
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effective Fermi theory of weak interactions (1934)
IS modified by rare effects from high energies with
scale A = My,



Froe: Fit reaalt Fit rogalt Fit m=ult imel. A
Parnmeter lopat value G B incl M notinel My bt not xp. ngut i now
Ay, ' WV 17404  yos 1957 4+ 0.4 0q+= 04+
» /0 BOL3RS 4+ 0015 80367 £ 0T B0.380 + 0.012 BIL350 4 0011
Y @ 085 <4 0043 2091 =001 2.082+0.001 T 091 & L0
My G O/' , THE000 s OLIETE & 00021 O911ET4 & 00021 011983 4 00116
Ty [Co¥] @/ N3 24004 = 00014 3.4568 + 0.0015 2 4951 4 00017
ol . Inbj O/; - 414790014 41478+ 0.014 41,470 4 0015
s a 7400007 H.743 0018 ). T1E 4+ 0026
A 0.017. @/ 0.00627 = 00002 001637 £ 0O 0.01624 4+ 00002
Ay = 01490 4 1. @O Yy RSN 477 4 OO0 01468 =+ D.OD0GM
sin®8 Q) 02334 <+ 0001, / : r“"““ [.23143 +2.00030 0.23150 < 000005
Ao LETO + DT 7 0GR -+ 0LO0031
Ag 0933 + 0.0 @ 0.5HES = 000008 0093453 < 000006
A 00707 < LS 6 “rdid £ .05 00738 < (L0004
Al 0O -+ LML 11 L[m /f & DT 0L 10CR4 -+ 00NN
i 01721 < L0030 0.17223 £ 0. 006 017223 4 000006
2, 0.21639 < 0L0GE 0.21474 = 000003 . " 021473 2 000003
M, [CaV] Lar o yus Larten 1. @@
iy [CoV] 490 #207 yos 420 +31 420ty /o
m, [CeV] 173184094 gy 17352088 17314 £ 09 @ “+37
Act® (MI) taw ITET 10 yoa DT 4 11 reT + 11 /)7
(M2 yos 0119100038 0.1192 + 00038 . @/)
S My [MaV] [—4, 4Jatmn yos 4 4 Z:S\
B sim 3 1 |47, 4 Tume  yos ~1.4 AT

! Avorage of ATLAS (M = 126.0 0.4 (st} + 0.4 (xys)) snd CMS {My = 126.3 + 0.4 [sms) + 06 {syH))
massuremems essuming no corrlacion of tho sysiomace meenaines (soe disession In Some. 2). P vwmge of

LEP A -I:I 1465 + 0.0033) and SLI} (Ar = 0L1513 £ 0LO021) rnnu.m% usid &5 1wo messuremems o the fi.
"MThe s w0 che LEP (SLIY mosuromen: gees Ar — 00474 '5 00 (Ar = 0,467 554,

) 1n untzs of 107, ““'Rmesked duo 1o ax dependoney.



M,, [GeV]

80.5 —

B | | | | | | | | | | | | | | | E | . | | | | | .."F | | | | |
- [ 68% and 95% CL fit contours my» Tevatron gverage + -
- w/o M,, and m, measurements o 7
80.45 — 8% and 95% CL fit contours A
n w/o M, m, and M, measurements ’ _|
u world average + 1o :
80.4 [ k ]
80.35 — —
80.3 — —
80.25 —
B *TJ | | | | | | | "'+- J | | | i i 'l- | | | | | | | | | | | | ]

140 150 160 170 180 190 200
m, [GeV]



so the higgs exists,
but that does not solve the problem
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control of the higgs mass



higgs : the ugly particle




new high energy effects with scale A must
control the higgs mass or....
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tension with accuracy of the tests
unless (Veltman) of the Standard Model !!!

2miy +my +m; — dm: ~ 0 > my, ~ 210~225 GeV




effective Fermi theory of weak interactions (1934)
IS modified by rare effects from high energies with
scale A = My,



effective Standard Model of weak interactions (1978)
IS modified by rare effects from high energies with
scale A =7



tree
loops

N
4 N

top gauge higgs

higgs

fine tuning with A= 10TeV



made possible by :

= anthropics
= or, new physics

conclusion:

there must be new physics



OUNERTINESLUIMNGNPEORIEITISElS

OPPORLLINTUESH OIMEVADIYSICS

= higgs mass more than 10-2

= baryogenesis more than 10-1°

" cosmic coincidence:
factor 2 out of 10-60

= cosmological constant more than 10-120



baryon asymmetry in the early
Universe

10,000,000,001 10,000,000,000

AntiQuark

guarks and antiguarks have annihilated away
except for a tiny difference



OUNERTINESLUIMNGNPEORIEITISElS

OPPORLLINTUESH OIMEVADIYSICS

= higgs mass more than 10-2

= baryogenesis more than 10-1°

" cosmic coincidence:
factor 2 out of 10-60

= cosmological constant more than 10-120



past <— today —» future
] :
0.001 0.0l

relative supernova brightness

Blue region:

The expansion of the
universe slowed down for a
long time and then, with
dark energy, sped up.

relative to today's distances

Gold region:

The expansion of the universe
always slowed down after the
first fraction of a second.
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cosmic coincidence: why now ?

size=1/4

dark

energy

size=1/2 today

size=2

size=4



OUNERTINESLUIMNGNPEORIEITISElS

OPPORLLINTUESH OIMEVADIYSICS

= higgs mass more than 10-2

= baryogenesis more than 10-1°

" cosmic coincidence:
factor 2 out of 10-60

= cosmological constant more than 10-120



the cosmological constant

e.g. energy of the vacuum = X ( O-point energies )

A= M %hw _ Mn %h\/k2+m2d3k M,

- Universe cools before we appear

instead L ~ (10 M ,)* ~ (107 eV)*




the dark energy problem at the end

of the 19t century:

= geology and Darwin’ s evolution
established the age of the sun to be
larger than ~ 100 million years

= Lord Kelvin: neither chemistry, nor
gravity can supply the required energy

= neither chemistry nor gravity solved
this problem

- Rutherford did



axions?




particle dark matter: two colliding galaxy clusters

DM (collisionless)
(weak lensing mass map)

Stars
(visible) =

z Stars
B (visible)

DM (collisionless)

weak lensing mass map) [l Hot gas, most of

baryonic mass
SR R v (X-rays) . Photo from NASkol'ﬁo Bullet Cluster lhowlng'
Byt . “.  * the'dark matter as biue and hot gases in red.” -




NEeUtinNeS: the sunand the Earti

Symmetry Magazine
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hierarchy ?
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A m2,) (107 eVt

-§ INXING: Qe0graphy VS, New physis
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US vs Japan or
New physics?

J. Hartnell, NOW2016

NOVA:

sin?0,,=0.40 +0.03/- 0.02

Maximal mixing
excluded at 2.5 c

T2K + SK atmospheric
are consistent
with maximal mixing



Race for the mass hierarchy

P. Coyle

oo

Supernova neutrino burst
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fermion masses

Dirac

PPV V7?

ueV eV eV keV MeV GeV TeV

—LDirac = Vrmyvr + h.c. I/i))\I/R—I—]’L.C.

Higgs

m, ~ AU

Ve n
Yy = Upnns(bhz,b23,013,0,...) | 12
Ve I3




—LMajorana = VL my,Vy + h.c. < L® o PLE + h.c.
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Double beta deca
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Experiments: Log = 2Wﬁ | Amiop = 1eV?
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In the Earth for sterile neutrino Am? = O(1eV?) the MSW effect

happens when
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Reactor

Solar

Supernova

. SN'1987A

Atmospheric v

High energy v astronomy

Galactic Extragalactic
ces? sources?
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neutrino picture of the sun

Superkamiokande



supernova 1987a: 24 neutrinos, thousands of papers




supernova burst: light fromv, + p—>n+e”

20 MeV
positrons

&~ PMT noise low (280 Hz)

¥~ detect correlated rate increase
on top of PMT noise when
supernova neutrinos pass
through the detector 1 meter
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* the existence of PeV neutrino events can yield
dramatic limits on any possible Lorentz
Invariance violation: superluminal particles

lose their energy to Cherenkov radiation, even
INn vacuum

* sensitivity o increases dramatically with
distance d and observed energy E




i .The“;origih of cosmic rays: the oldest sifelelicy |

*

o el | LHC accelerator should have circumference |
- AR ' ——of Mercury orbit to reach 102°eV!
W | B
S0 s e
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neutral pions
are observed as

gamma rays

charged pions
are observed as

neutrinos




R;_; gamma rays accompanying lceCube neutrinps inferact
“ with interstellar photons and fragment info multiple lower
-' - energy gamma rays that reach earth

3

neutrinos do-not interact dh'd.fimqg'é the sliy N reQidns
from which even X-rays cannot escape
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* energy density of neutrinos in the non-thermal
Universe Is the same as that in gamma-rays

« at some level common Fermi-lceCube sources?
- multimessenger campaign of telescope follow-
up of IceCube real-time neutrino alerts
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muon-suppressed
pion decay
(0:1:0)

pion & muon

<€«— decay
(1:2:0)

neutron




- to the speakers for excellent talks

- to the organizers for their superb
hospitality



