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The fermion mass puzzle

o fermion masses
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SM flavour puzzle

Smallness and Hierarchy

Yowed,  ¥oe 1072, ¥osilge®
Yo 1072 ¥ 1073, Yoo d072
Vs 1078, ¥loedr S Vol ®
Vel ~ 0.2, |Vig| ~ 0.04, |Vig| ~0.004, dgag~ 1

e For comparison: g, ~ 1. g~06, ¢ ~03 A~1

e The SM Havor parameters have structure:

smallness and hierarchy

e | Why? = The SM flavor puzzle

Nir
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Very likely, flavour and CP violation in FC processes
are dominated by the CKM mechanism (Nir)
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UT tensions

« Recent theoretical improvements in ¢x expose
some tensions in the UT analysis ioiome =

s Look at ex, Syk, (sin23), AM,/ AM. inthe Ry-~
plane

* A, v can be obtained from tree-level processes

AM/AM,

i
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UT tensions

« Recent theoretical improvements in ¢, expose
some tensions in the UT analysis oo ¢

v

o Look at ek, Syk, (sin23), AM,/ AM. inthe Ay-y
plane
* A, v can be obtained from tree-level processes

Possible solutions:
© +24% NP effectin ey

AM i AM
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UT tensions

» Recent theoretical improvements in ex expose
some tensions in the UT analysis ..

e Look at ek, Syk, (sin23), AM,/ANM; in the Rp-vy
plane

e Ry, v can be obtained from tree-level processes

| Possible solutions:
© +24% NP effect in ey
@ —6.5° NP phase in B; mixing

AM,/AM,

i)
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UT tensions

» Recent theoretical improvements in ex expose
some tensions in the UT analysis (.o

o Look at ¢y, Sy, (sin23), AM, /AN inthe R~y

plane

(.7)

e Ay, v can be obtained from tree-level processes

= 40

] 40
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irds
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Possible solutions:
@ +24% NP effectin ex
® —6.5° NP phase in B, mixing

@ —22% NP effectin AM,/AM;
(requiring @ ~ 74°)
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Sin 20¢ tensions

¢ In the SM, mixing-induced CP asymmetries in By — 1'Kg, ¢+Ks, 'K all = sin23
* By — 1'Ks dominated by tree level, #Ks and »'Ks are loop-induced

Data indicate Sy, < S/, < Suks

b e
sin(2p™) = sin(20™) m - ¢
(BT [
b—sccs  World Averalie ] ¥ T 06T s
T BaBar T —— {Dz8i0ms: Ko
x Belle . 5
= Average i
0 BaBar i
x Belle H
L Average :
1

08 .06 D4 .02 o oz

| New physics in the decay amplitudes? |

| Can only be resolved at SuperB |
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CPV in Bs mixing

e S,,: mixing-induced CP asymmetry in . 4gCDF 13507 +D0 261 +consname LA
Bs — J/y olw 88 Gl
) NP £ o4 5% Gl
e Sy =sin2(8s + ¢, )
a " ! I SM
o S5 ~0.035 ol SR
-0.2}
Recent Tevatron data favour p-valie = 0.024
0.20 < Sy, <098 e
Ju.l 2 -1 a

3
19 = 230V [ad]

New physics in the B; mixing phase?

COF+D0, #b™ EACH

aipre) trad)
-]

« Sizable Sy,
" imPOSSible in MFV s Uncertainties on bl cross-saction
P MSS M and BRVIS(R] Mg}

: « Will be measured at
LHCb

~ie
i 0 1) ul a £ £l

tanf
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Minimal Flavor Violation

. The CKM fits [constraints in the p-n plane]

These results are quite instructive if interpreted as bounds on the scale of new

physics:
contrbution of the new
(V4 'V.)2 . S\ a— heavy degrees of freedom
= th V1 4 ¥
M(Bd“Bd) ~ 7‘) + : Crp
16 n2 M“._ . P,

[}
- -

tree strong + generic flavour q
» A22x10* TeV [K]

el
5., loop+ generic flavour i
~ /(16 7?) = Az2x10" TeV [K]
Cnp
=~ tree ‘strong + MFV .
-y BT A25TeV (K& Bl

wp 43 5 loop + MFV 3
~(Vivpe1ens)  ——» AZ205TeV [K&B|

MEFV (or something very similar at least for s—d & b—d),
is mandatory if we want to keep A in the TeV range

IFAE 2010 Rome, Italy April 08, 2010

Recent progress in the theory of Flavour Physics

IFAE 2010 P. Paradisi (TUM)



SUSY flavour and CP problems

‘The SUSY flavour problem

« Most of the 105 additional parameters in the MSSM violate flavour

« O(1) values are strongly disfavoured by the excellent agreement of the SM with
the flavour data

Possible solutions

@ Decoupling
» Sfermion mass scale very high
» Clashes with the gauge hierarchy problem
@ Degeneracy
» Sfermion masses nearly degenerate
» Arises in models with low-scale SUSY breaking
~ Partly spoiled by RG evolution
® Alignment
» Quark and squark mass matrices aligned
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SM vs. SUSY flavour problems

Flavour violation is highly non-generic already in the SM!

10°° 107 0.01 1 ' 1
Y 7
e ud .8 ) N

e o6 ° e o ® Geov Vorm ~ ..'

10~ 0.01 1 100 ot .

|The two problems should be related! |

Minimal Flavour Violation (MFV) Flavour Models
« Yukawa couplings are the only . Flavogr structure of Yukawa
sources of flavour violation couplings and soft terms

generated by spontaneous

el breaking of a flavour symmetry

« Pragmatic approach

e « Ambitious approach
= Pessimistic phenomenology

= Diverse phenomenology
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Minimal Flavour Violation

© SM without Yukawa interactions: SU(3)° global flavour symmetry

SU(3), ® SU(3)g @ SU(3)q ® SU(3)e ® SU(3)L

0 Yukawa interactions break this symmetry

@ Proposal for any New Physics model:

Yukawa structures as the only sources of flavour violation

4

Minimal Flavour Violation
Notice that MFV allows for new CPV phases!
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NP search strategies

Where to look for New Physics?

o Processes very suppressed or even forbidden inthe SM

o FCNC processes (1 — v, 7 — py, By — p'p, K — 7vi)
o CPV effects in the electron/neutron EDMs, de ...

o CPVin Bs g4 decay/mixing amplitudes

o Processes predicted with  high precision in the SM

o EWPO as Ap, (g — 2),....
o LUINRY/"=T(K(r) — ev)/T(K(r) — uv)
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Flavour Matrix

FLAVOUR COUPLING

b s [-AinsM] | b - d[-xinsM] |8 = d [-A insM]

AM AM
AF=2 box. [ - &
Acp(B =y, gy, AcnB —K), e,
B AF=I A p(B—0K) Ap(B —0K)
o A-gquirk ops. }
= R
~ aluon A (B —bK)
& ghuon i DAL B—piay) | T(K,—m7)
= penguin [T, AT (B =X 7) g
= o_F s
2 q [CLAL . (B—X ) | [T AT, (B —pixp)
< penguin [WESATGB=XEN) | (1. ATCI(B pin [1) | (K1)
= A(B=X 1) A (B—piriT)
o
ﬁ [F. AT L UB =X 1) [CAT B —pin T} | DK —x'vy)
5 Z'penguin AB =X IT) Apg(B—pim i) (K, —»rvv)
I]' T(B —pup) I(B,~puu) (K, —="T)
H" penguin | T(B, —pp) T{B, —u)
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Flavor blind MSSM ~ MFV + CPV

m eo:l 109

ia [Ge\l‘;

|l [eem ] 5515

e

510

» CP violating &/ ) and AF | dipole
amplitudes can be strongly modified

> S"”‘s and S, ) K can 5|multaneuusly be
brought in : 2nt wit

the data

» sizeable and correlated effects in

r bouncs on the electron and nemran
EDMs at the level of . 10 eer

» large and correlated effects in the CP
asymmetries in 8 — K" p"p~
(WA, Ball, Bharucha, Buras, Straub, Wick)

» the leading NP contributions to AF = 2
amplitudes are not sensitive to the new
phases of the FEMSSM

» CP violation in meson mixing is SM like
> i.e small effects in 8., Sy, and ex

» inparticular: 0,03 < S, < 0.05

A combined study of all these observables and
their correlations constitutes a
verful test of the FEMSSM

IFAE 2010
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Phenomenology of the flavor blind MSSM

W AW ma MO 1000

(e N
@ Kaon mixing s :
1
1
» The mixing amplitude Mfz has no sensitivity to the ,'
new flavor blind phases |
|
» Still, e x Im(Mfz) can get a positive NP e mp
contribution up to 15% :
» But only for a very light SUSY spe U
oMy~ 200GeV

@ By and B; mixing

» Leading NP contributions to M%S are insensitive to
the new phases of a FBMSSM.
(at least for moderate tan 3 ...)

» For large tan /3, the constraint from b — s+ does
not allow for sizeable effects

» Syk, and Sy, are SM like (S, = 0.03 — 0.05)
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SUSY flavour models

Main idea: hierarchies in Yukawa couplings generated by spontaneous breakdown
of flavour symmeiry (horizontal symmetry, family symmetry)

« Generalization of the Froggat-Nielsen mechanism
« Yukawa hierarchies explained by different powers of small e:

(¢) (¢ (@
!:r_.';‘..\ {a+0y) (a,+b;) i i i
= vy () = L
14’«'1 % ‘d"f
» Possible to relate Yukawa matrices and sfermion mass matrices/trilinear
couplings

SUSY flavour models can explain the origin of the hierarchies in the Yukawa cou-
plings and solve the SUSY flavour problem

« Many different viable models exist, with abelian or non-abelian flavour
symmetries

IFAE 2010 P. Paradisi (TUM) Recent progress in the theory of Flavour Physics IFAE 2010 Rome, Italy April 08, 2010 19/16



Abelian vs. non-Abelian flavour models

Abelian vs. Non-abelian

« In most non-abelian models, 1st & 2nd generatio sfermions are approximately
degenerate

~ Suppressed contributions fo 1 «— 2 transitions, in particular D?-D® mixing
« In abelian models, sfermions of different generations need not be degenerate

» O(1) 1-2 mass splitting leads to O(A) (654)42 in the SCKM basis
~ Large effects in D?-D® mixing

Chirality structure of flavour violating terms

« Different flavour symmetries lead to different patterns of flavour violation

5L Bt )

* Mass insertions: M2 = diag(m®) + m* (5*“ o
d d

o g5, 577 57 fixed by the flavour symmetry (up to O(1) factors)
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Examples of flavour models

| 4 representative flavour models with different chirality structures in the d sector: |

AC model AKM model RVV model - SLL model

u(1) Su(3) SU(3) (Sa)®

Large, O(1) RR Only CKM-like RR  CKM-like LL & RR  Only CKM-like LL
mass insertions mass insertions mass insertions mass insertions

a5 (0 ? )?2 aglfu(ﬁ 9 g\ ait
)\2

= \0
s8R ~ (c 9 ?) 7R (A:‘ )\.3 ig) §HR ~ ()\‘3 /\,3 \,\2) 837 ~ (o > g\

o 1

(o ) ( ;‘i)

A A2

Altmannshofer et al. '09
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» Both observables can deviate significantly from the SM in all 3 models
« large S;, = large BR(Bs — p*p ) in the AC and AKM models
« Correlation arises from dominance of Higgs penguin contributions

AKM RVV
. tanp
Zixw"

Il
T 1xwt
= I
o swin
= I
?)c!ﬂ"E
"‘m'-’.['fu" R Tn I ET e & T Jx;rr_':m. | o
Sip S Sag
. e points: UT tension solved through contribution to AMy /A M,

« Blue points: UT tension solved through contribution to ex

« Scanranges: my < 2 TeV, M, < 1 TeV, |Ay| < 3my, 5 < tan 3 < 55,
O(1) parameters varied within [, 2]
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« In the AC model, both S;x, and S, can have large effects, but a simultaneous
enhancement of 5., and suppression of 5., (as indicated by the data) is

impossible
s S,k, nearly SM-like in AKM and RVV models
AC AKM RVV

L% T RS
[T . 31 0o
by s
B S
04 o4
i 02 {5
U—"i 0 -5 o 05 1 “ill.lj —03 oo 05 o “lII.U -0.5 o ns L X1}
Sup Spe S
s Orange points: UT tension solved through contribution to AM, /AM;

+ Blue points: UT tension solved through contribution to ¢,
= Scanranges: mg < 2TeV, My < 1TeV, |Ay| < 3mq, 5 < tan 3 < 55,
O(1) parameters varied within [3, 2]
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Model with purely left-handed currents

Pattern of NP effects in the §LL model:
s No large effects in S,
« Large, correlated effects in Sux,, S,k Ace(b — 7). (A1)
s (A7q): T-odd CP asymmetries in B — K" ¢£7(~

1o

Sek,
8o K,

-4

R 5] an i 0z Tha —az on 62 04 i T4 -0Z B0 02 04 06 s

(A} Sax, Sex,

« Scanranges: my < 2 TeV, My, < 1 TeV, |Ag| < 3mqg, 5 < tan 3 < 55,
O(1) parameters varied within [, 2]
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Br(Bs — putpu~)vs. Br(Bg — putu™)

Abelian (AC) Non abelian (RVV)
10 2x 1077
- i
i . 1107
= 1x107 =
x 3
T sxi0e P
< :
& S
2% 10710 2107
110710 e Lx 10719 ‘ N, I |
1% 10%% 107 5x10-1x102x 10 5101 x 107 1x1072%107° 5x1071x1072x 107 5% 1078 x 1077
BR(B,~u" 1)

BR(B:—u 1)

Br(Bs — putpu~)/Br(By — putp~) = |Vis/Vi|? in MFV models
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CPV in D-physics

CPVin D% — D° ~ ((VepVup)/(VesVus)) ~ 1072 in the SM

0 (DO[He|D%) = My — 5T 1, ID12) = p|D°) + q|D°)

o 8= Maili 4= Arg(a/p)

Mp— 5T’

CPq _ A 1PN aing v (19 _|P
s =x (] [o]) ey (5] [2]) eose

aer — r(D° — K*¢=v) —1(D° — K~¢tv)  |ql* —|p|*
VT DO S KH) +T(D° — K—¢+v)  [qf* + [p[*
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CPV in D-physics vs. neutron EDM in SUSY

mn= 1o a;
= 0 = : ® g
= B =
< 51 -8
2 &, o O
— —= = &
5 s %2
-2
10 e
-3
-Lo Lo -0 -5 L) 05 ik

0t 5 in%

Correlations between d, and Sy (left), dn and ase (middle) and a
he constraints (8)-{10) while blue points further satisfy the

allowed range (18) for Sy,

r ug
g
g e
g i G W
(65 )z
T v
Uy ity €1 (&)
(@) ()

FI1G. 2: Examples of relevant Foynman diagrams contributing
(i) to £ — £ mixing and (b} to the up quark (C)EDM in
SUSY alignment models.
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K — 7wvr in the SM

o K — 7w processes offer a unique possibility in probing the
underlying flavour mixing mechanism:
@ No SM tree-level contributions (FCNC decays );
o One-loop SM contributions CKM-suppressed (Vi Vig ~ A°);

o High precision of the SM prediction thanks to short distance (e.w.)
dynamics dominance:

HE = 3 ViV [XUEd)v 4+ Xr(5d)y ] (711)v-a

I=e,p,7

S a",_
‘-‘-H‘-"“-—_._‘_‘_
Br (K —mum) ~ X = X_ + Xg/? Y i 12 o Yu
(o*) (o)
XNCS yt s '[d 7

1672M2,
XM =1.4644+0.041, X5V =0
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K — wrvr and NP

o K — 7w has a high sensitivity to NP effects of many theories as
SUSY, LHT, Z' models.....

0 Large NP effects only if 621 ~ Vi Vig (beyond MFV)

© The dominant effects to K — 7w arise from x/0 diagrams with
double-MIA [Colangelo, Isidori '98]

9 Gluino-type amplitudes (LL, RR and LR-down squarks type mixings)
essentially negligible contrary to ek, b — s+, B — B

9 Minor effects within pure MFV.

S X dr
o The maximal sensitivity to the up-type W
trilinear terms is obtained for Ay & 4 AN’
@ Light stop and charginos (¢+)" %i_ "(¢>
@ small tan Z
+ box
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Chargino mediated K — 7w

Fsusy / T'smt

B(K"— m'vv)
B{Bd =3 }.l.}l)
AMpy

BBy X, I'l)

1.1
1

o2 ! (T )min = 250210 GeV

(fﬁl)miu = 50010 GeV
| (Mg )heayy = 1000 GeV
- | tan(f) =2
Ag=1TeV
07 . | . |
100 200 |A13|Sm‘\u

|Ass| <1 ay

laggl or Azl (Gev)y

Isidori et al., '06
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Chargino mediated K — 7w

l—‘SUSY ‘{rSM

L 1
400 GO0 B00

(fyin (GeV)

Isidori et al., '06
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LFV

o Neutrino Oscillation = m,, #m,, = LFV

D\2
0 see-saw: m, = (T;R) ~ €V, Mg ~ 1016 = mP ~ my,

o LFV transitions like 1 — ey @ 1 loop with exchange of

o W and v in the SM framework (GIM)
m; —50
Br(u— ey)~ —- <10 m, ~ eV

w

o W and 7 in the MSSM framework (SUPER-GIM)
B m* < jo-n D
r(p—ey)~ mh = m, ~ Miop

J
o LFV signals are undetectable (detectable) in the SM (MSSM)
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LFV in SUSY

LFV interactions — leptons/sleptons/gauginos

£=7 (CRPr+ChPL) %a7t + 1 (NAPR + NP 05 ()

BR(& — fj’y)
BR(4 — €jui17j)

4 2
Qe (M 21 12
= 20n (m . ><6LL> 5 duw~h"h"t
Gauge SUSY
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SUSY see-saw

RG induced LFV interactions in SUSY see-saw
0 SUSY see-saw superpotential (MSSM + RN)

W = heLecHl—i-hyLl/cHz—i-MRl/cl/c+/1,H1H2,

M, = —h"Mg*h” TvZ,

M

~o

_ m2(1 + 5EL) T (A—ptg)m, + mLmR5ER
(A—ptg)m, + mimgol, M2(1+ 04g)

o Ifh® = hﬁ‘&ij and Mg = Mgjjdj = h” # hﬂ-'5ij in general.

" 3 i
L~ —gz(h"h" )i My’

9,

[Borzumati & Masiero, '86]
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LFV in SUSY

h” is unknown = No model independent predictions for LFV

1
h” = Ugns D RTD — =
MNS /M, \/M_R Vz’
RfR = 1 = three angles and three phases
@ v & vR hierarchical (and R real)

B(u — ey) |Ues |

~

B(r —wy) B(r— uv,vy,)

0 y_ hierarchical and vr degenerate (and R real)

B(n — ey) N |12C12 (Mol /Matm) + Ues|*
B(m — uv) B(r — pv-iy)
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i — eyand 7T — puyin SUSY see-saw

10%g . . . .
F SPS1a
oL mm=10‘5°Gev,mN2=10”Gev
E my =107 eV
gof  9=Ielswa
E o 0<(A =4
&= FoB,=0
o A OO, . OSSP
101 E
T g
o i
= 12 L
= 10
m E

LRERLL oL |

_ISmN3=10‘EGeV/ LT
gisl L N N N
1™ ™ 1™ T g
BR{t—=pny

Herrero et al., ‘06
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5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50

Aa, x10" Aa, x10"
|642] = 10~* and |67}| = 102, Isidori et al., 07
Aa, 12 [ 2x104 |52 [ — €]
BR(¥4; 2 ~|l——Fr LL
(=) [30 x 10‘10] “1 5x10° 1623|? [r — 4]
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LFV in SUSY GUTs

RG induced Flavor Violating interactions in SUSY GUTs
@ SUSY SU(5) [Barbieri & Hall, '95]
(01 ~ h*h Ty ~ V& VG — (k)i ~ (07
@ SUSY SU(5)+RN [Yanagida et al., '95]
@i~ (h"h" Dy & (k)i ~ (hUhUT)
@ SUSY SU(5)+RN [Moroi, '00] & SO(10) [Chang et al., 02]

. V2 ;
sin 9;1,7' ~ 7 = (6EL)23 ~1l= (6gR)23 ~1
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i — eyand 7 — py in SUSY SU(5)+RN

BR(T_’/VY) de (6 cm)

1077 10726 . . .
Us= 01 - :
U= 001 - L

10*27 L

10*28 [

1029

1030k

0.1 -
0.01 *
0.001 -
L —31Le ="t il 1 L
104 T (T T R TR R T 10710
BR(u—e) BR(u—e)

Hisano et al. '09
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BR(u — e7v) in SU(5)gn and the LHC reach

my [GCV]

1000
900 [~
800
700
600
500
400
300
200

100

BR(p—ev)x 10"

tan 8 =10
u>0, Ag=0
T T

T T T T
my,

3

0.03 0.01

0.003

00 100 200 300 400 500 600 700 800 900

M1/2 [GeV]

1000

mo [GeV]

1000
900
800
700
600
500
400
300
200

100

00 100 200 300 400 500 600 700 800 900 1000

11
BR(p—ey)x 10 P

n>0, Ag=0
T T T T T T
5 \

1

b—sy

my, : i

0.01
1 1 1 1 1 1 1

M]/Q [GG‘V]

hierarchical v and N, Uez = 0.1, My, = 10712 GeV

Hisano et al.

'09
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Higgs Mediated LFV

o LFV Yukawa Interactions (if ; =m; /m?* # 0):

—L ~ (2GR)? = (Aﬁ'?RII'_ + Ag'ﬂl'R) (co—ah® —s5_oH® —iA?)
B8
mT i . . i
+ (8GR) = (Af’mu{ + Aﬁgum‘R) HE + h.c.
B
«
D ~ ﬁ 03

9 Higgs (gaugino) mediated LFV effects decouple as my — o

(Msusy — o0),

o Key ingredients in the Higgs mediated LFV:

9 tang ~ 50
o 53] ~ O(l) and Msysy > 1TeV
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T — X (X =, 1, fo, Il (Ik))

. Qel my o 2
BR(r — pvi) 20w m4 3270

BR(7—3p) ( az >2<mfmu>2 26 BR(T— )
Y=Y 3203

BR(r—uv) ~ \487/\ M2

If t; ~ 50 and My < M, i.e. My ~ my and m ~ TeV

4

BR(7—3u)
BR(7— )

> (g|
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i — € universality in K — lv

YiK—ey Tsu(K—eve)+T(K—ev)

R« = (1+ Arg ") = ~
k= (1+ar ") S K =y Fsm(K — uvy)

CRMR

SR eH*v,
H+< - Vv
a2
8~ 2 3%

A% ~5.107* t3=40 My =500GeV

e—p mg m2 3112446 )
Arshsy 2 w2 || = |AZ|“tan® 8~ 10
MHi me

Argley~ 1072 = Br"(e®)(r - eX) < 10107

Masiero, P.P., Petronzio, '05,08
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“DNA-Flavour Test”

| | GmssM AC RVV2  AKM SLL  FBMSSM | |

Sk, *kk  hkk o0 *k Kk S 8 4 7\
Acp (B — Xsv) ok ok ok ok

B — K'*lup 'Y S&HLB
T — gy dkdk  kkk  dkokok 2.8 1 LS 83

D° — p° *hkk  hkk 2]
Ara(B— K'ptp™) | *kk *k ok %k vs.
Ag(B—K“.u"'p_} * ok m
s hkk kkk  kkk  kkk %
Bs — ptp~ hkk  hkkk kkk hkk hkk * Kk Kk

€x *hk *ohkk  hkk

Kt — antup * ok

K, — =D Jook K

nw— 8y hhkhk Ak hk  khkk  Ahkk  hkk ook
p+N-—et+tN ke *hkk  hhkk  hkk  kkk * %k

dn * ko khkk  hhkk hkk o0 ok

do dkk  Akk  hkk 0o kK

(g-2), dkdk  kkok  dkokk o0 kK ok

Altmannshofer et al. '09

IFAE 2010 P. Paradisi (TUM) Recent progress in the theory of Flavour Physics IFAE 2010 Rome, Italy April 08, 2010 4416



Isidori’s view

G. Isidori = Flavour Physics now and in the LHC era LP Z20us

» Flavour physics in the LHC era

LHC [high pr]
Flavour physics
A unigue effort toward the
ioh- 7 Improved
high-energy frontier Cinigy  uceBdeoays
CPV in the Bs LFVinp &z
53’5“’4’“ decays
Universality tests
nB&K hDMs

Rare K

g2
decays Ty, =

[to determine the energy scale of NP]
A collective effort toward the
high-intensity frontier
[to determine the flavour structure of NP]
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Murayama'’s view

OvpR, our E“Chc proton decay
4 LHC

politics /

Higgs

reactor v




Masiero’s view

DM - FLAVOR L[I c

A MAJOR
for DISCOVERY LEAP AHEAD
and/or FUND. TH. IS NEEDED

RECONSTRUCTION / NEW
/ [PHYSICSAT|
THE ELW

y SCALE

.

DARK.|ATTER LOW £ [ERGY"
l PRECISIC | PHYSICS

Wy PR FCNC, CP #, (3-2), (BB)oyn,
LINKED TO COSMOLOGICAL EVOLUTION

~* Possible interplay with dynamical DE
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