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III. New (revisited) ideas to address
these problems/questions

- Neutral top “"partners” (fermionic or even bosonic)
- Mirror Dark Matter

- Self-criticality of the Higgs vev

- Axion (light scalar) detection

- Putative anomalies in B-decays



A self-critical Higgs vev

1. A Goldstone boson @ of a U(1) broken at a scale f

2\A U(1)-breaking coupling of ¢ to H
hat keeps ¢ — ¢ +H2nnf )

3. A Yreaking of ¢ — ¢+ 2n7wf controlled by a small
mas§ parameter 1M pntering the Higgs mass term

v
S+S+I

f |
S = se /] A = UV cutoff

V= —f*[S]* + |S|" + p(H) (A* = m@)|H* + A H|* + mA*¢

V is a natural potential



Minimizing V (H, ¢)
V = p(H)cos ¢/ f + (A* —mo)[H|* + A|H[* + mA®¢

e vk >
p(H) _N(j_ ,01UF -I-pz(vF) + ... F - P1,2
— (non ftrivial)
oV A% —mo
=0 = h’~
on - N 0
oV A°mf
=0 = h=v
0P 3 P1

h = vr natural = moving A, m, f, p1 by O(1)
h changes by O(1)

AZf ~ A% m ~ o}



historical evolution of @ (and of ¥ )
(under suitable conditions: e.g. a very very long inflation period)

V(o)

@ slow-rolls during inflation at v = 0

until it hits value where / ™ |

2
M}, Crosses zero

rolling stops when barriers grow due to v > 0

experimental consequences:??



Which direction fo take in flavour physics?
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2. Indirect signals of new physics at the TeV scale

3. Putative anomalies in B-decays
Vup €xc/ince B — D(D*)tv B — Kptu~ /ete” PL(B — K*utpu™)



B-physics "anomalies”

b— cTtv

B(B — D*7TV)exp/B(B — D*1v)sm
B(B — D*{v)exp/B(B — D*{v)sy
B(B — D1v)exp/B(B — D1v)sm

o/t _ — 1.37+£0.18
D B(B — Div)exp/B(B — Div)sy ‘ |

= 1.28 £ 0.08

R

b— slTl~
RYC = l;((l;iiii?__)):: o =0 745“:8:%%(%0 036 -
?anomaly in the ¢ distribution - ::++++ :
Vub(vcb) €$C/inc 5% 1-0 +

9’ [GeV?]

Viplina = (4.40+£0.25)-1073,  |[Viplina = (42.21£0.78)-103
Viplexa = (3.724£0.14)- 1073, [Viplexa = (39.36£0.75)- 103




(An interlude)
Minimal Flavour Violation in the quark sector

Phenomenological Definition:

In EFT the only relevant op.s correspond to the
FCNC loops of the SM, weighted by a single scale A
and by the standard CKM factors (up to O(1) coeff.s)

Strong MFV  U(@3)g X U(3)u X U(3)4

Y, =(3,3,1) =Y/ Yy =(3,1,3) = VY,
4 M
A(d; — dy) = Vig Vi AGH (1 + aa(——)?)
= 47TMW

Mij = (Vig Vi) *ASE2(1 + aa(T0)?)



Weak MFV  U(2)g x U(2)y x U(2)g x U(1)a3

= (1,1,1) 1 Ay =1(2,2,1)g Xg=1(2,1,2)0 V=(2,1,1)9

Y, = UYL Yam UYL Uun~ U (2002 (54

u,d u,d L
ctcd A s¥se™™® S ~ O(E)
Ve = U Uz = —\ el s y
— 54 5 ¢i(0+9) —chlfLs Ll %}ic‘}; — 8%(’%(’0 — \e¥
A7 M
o x A AF=1 W \2
A(ds — dy) = Vi Vit AT (14 (apy ana) (T )?)
47TMW

Mij — (V;jj 5)214@@:2(1 + (a2b7a28)( A )2)



Question

Is there a flavour group G, and a tree level
exchange ¢ such that:

1. With unbroken Gr , ® couples to the third
generation of quarks and leptons only;

2. After small G breaking, the needed

operators:
(?LWMbL> (TLVuvL)
(brVus) (Fvu)
are generated.



Answer

Gr = GL x G- broken as above
GL=U2)o xU(2)y xU(2)g x U(1)43

Gr =U(2)r X U(2)e x U(1)e3
®=(3,3)_1/3 Lorentz scalar, G singlet
Vi=1(3,1)23 Lorentz vector, G singlet

V. =(3,3)3 Lorentz vector, G singlet
—%——Q—S)m Lorentz—vector—Gr—singlet—

(vectors have A°-divergent loops)

Greljo, Isidori, Marzocca
Alonso, Grinstein, Camalich
Freytsis, Ligeti, Ruderman
Calibbi, Crivellin, Ota



Parameters after G breaking

e.g. in the scalar case (but all similar)
L= goPq(Qio%ior Fi; L)
Fij — 5@35]'3 —+ CLVQiéjg -+ b(SzSV]Z + CVQiVEj

Vo.rLi = 0i2€0.L

MQ%’D’L = €Q, deQ,eL Vi = —Vig :EQ(d_l)

= parameters:

a, b, ¢, d of order unity



Main effects (under investigation)
in the vector SU(2)-singlet case

tree level

b— cTv
b— s ui (b—sTh b— 57T )

t — c rv

loop level ( A*-divergent; A = 4wMy /gy )
b— s vv
T — 3
b5 — bs

pair production

tv t
99 — Va,3V_5/3 < b; B: (my 2 500 GeV)



IV. What if the hierarchy problem
were a dead end?

1. Precision physics

2. The flavour puzzle

3. The astro-cosmo-particle connection

4. Dark Matter

The synthetic nature of PP at full work



Precision physics: 2 ways to go

"Micro-precision”: Which possible deviations from the
SM are less constrained?

effective operators (many) and so on

"Macro-precision”: How competitive with direct
searches of NP?

Higgs couplings the EWPT
LHC14 at 300 fo* at a Z-factory
HighIntensity-LHC14 Yo > ILe
e TLEP

TLEP



E.g.: MSSM with s-particles "decoupled”
but not H

h=cosd h, —sind hy
H =siné hy, + cosd hy

ATLAS CMS

1000 -

—— 0.16 0.1 500

h— ZZ 0.15 0.11

h — WVV_ 0.30 0.14 >
Vh — Vbb - 0.17 % 600
h— 71 0.24 0.11 =

h — up 0.52 —

400

200F . |

Are there extra Higgs scalars?



The flavour pa
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An “Extreme Flavour” experiment?
Vagnoni - SNS, 7-10 Dec 2014
* Currently planned experiments at the HL-LHC will only

exploit a small fraction of the huge rate of heavy-
flavoured hadrons produced

— ATLAS/CMS: full LHC integrated luminosity of 3000 fb, but
limited efficiency due to lepton high p; requirements

— LHCb: high efficiency, also on charm events and hadronic final
states, but limited in luminosity, 50 fb™* vs 3000 fb!

* Would an experiment capable of exploiting the full HL-
LHC luminosity for flavour physics be conceivable?

— Aiming at collecting O(100) times the LHCb upgrade luminosity
= 10% b and 10> ¢ hadrons in acceptance at L=103°> cm2s

Motivation: test CKM (FCNC loops)
from = 20% to =< 1%



A minimal list of key observables in QFV
to be improved and not yet TH-error dominated

- 7 from tree: B — DK, etc (now better from loops)

- ‘Vub‘v ‘Vcb‘

- B — v, v (+DW) >

- B— K™ [T17,vr (in suitable observables?)
- Kgs,D,B, 4 — IT1~ ("Higgs penguins”)

- ¢dA,S (CPV in AB; s =2)

- K. K; — vy

- AAcp in selected D modes



Nice prospects in the quark sector ...
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Current limits

SINDRUMII

B(uTi— eTi) < 4.3 x 1072
B(pAu — eAu) < 7 x 10712
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The astro-cosmo-particle connection
Power spectrum P(k)/Pmassiess v (k)

1.05
1.04
103
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1.01

1
099
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095

relative error

_esgourgues et al

kmg (hMpc)

» Determination with future large-scale structure observations (Euclid)
at 2 — 50 depending on control of (mildy) non-linear physics

P Not independent on “priors” but still highly significant



Key/dream neutrino measurements

| O ] 20 bounds
s o oecaons oty =°
beta-decay y
endpomf Lisi et al
mﬁﬁ normal hierarchy
. i ted hierarchy
neutrino-less S nver
10‘"1 1
805 decay el

) =m1 + mo + ms
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structures

hypothetical measurements
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Dark Matter: QCD Axions
Mg fa &~ 107% eV - 101 GeV
T T / T T - 10-12

1016} Axion Isocurvature 110°°
Fluctuations

108E - White Dwarfs Cooling Time .
10* 10° 10° 10" 10% 10*
H; |GeV|

mg = 107* = 1072 eV as the most interesting region



The classic search

Loyy=

Axion Coupling Ig,,. | (GeV)
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The coupling of the axion to spin

L = ¢(z)(ihdy — me)(x) — a(z)(x)(gs + igyys)¥(x)

My o . GeV DFSZ
9p = Ay (gs = 10 (12- 17)9;9 ) KSVZ
fa My
("QO i ﬁ2V2 ' - Yp — -
NRL th:(’t o T 9sca —15 0 (—ihVa)] ¢
_, <«
— €



Summary on proposed exp.s using NMR/EMR
CASPEr axion wind/NMR

q limited in frequency (mass)
SQUID ttt ]Bm but size of the effect OK
oo I I : (Mg /eV =10"7, 7 = 0.1sec)
‘/axiou “wind”  V

Bess/T ~ 107 My /T ~ 10~

static source NMR
not limited in frequency
but size of the effect smaller

- (Mg /eV =107, 7 = 0.1sec)
Bess/T <1072 Myp)T < 10720

QUAX axion wind/EMR

Axion frequency OK
Z2233 detection method still under scrutiny
Wind (mg/eV =10"%, 7 =10 %sec)

Bess/T ~ 1072 Mrp/T ~ 10"



Outlook of the Outlook

While the exploration of the energy frontier remains
a main task of particle physics,
in the current uncertain state of particle physics
(not the first nor the last such situation)

useful/necessary to have a diversified program

(LHC, precision, flavour, astro-cosmo-particle, DM)



