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Bl Approaches to the flavour puzzle T

. V should be deduced ‘
from first principles [symmetry and/or

most striking fact: nothing approaching a dynamical principle]

standard theory of VY, despite decades of ‘
experimental progress and theoretical efforts y

. VY are due to chance

many variants
bottom-up: anarchy, FN models, fermions in ED, partial compositness
top-down: fundamental theory with a landscape of ground states

observed V are environmental “ relative sizes of solar
and cannot be fully predicted planetary orbits

assumptions relevant questions
knowledge of statistical distribution how typical are the Y
of VY in the fundamental theory we observe?

of Y in the fundamental theory?
[any anthropic selection?]



. any empirical evidence for a symmetry from the quark sector?

Gf = U(I)FN [Froggatt, Nielsen 1979]

mass ratios and mixing angles are small, hierarchical parameters

m, m, ”Zd S
U e —C << — 4 w5 << ‘V ‘ ‘V ‘ “/ ‘_—
m, m, m, my, ub << cb << us| = )" < 1

easily reproduced by G:=U(1)g\

mass ratios and mixing angles are powers of a small SB parameter A

U(1)r\ broken by A= </£0 ~ 02 flavon | O,
/ @ -1
v, =F, Y, F, F 0 o
F.=| 0 HEN(X) 0
Y =FDchFQ 0 0 NG
Yu g = O(1) FN(X;) are U(1)g charges

undetermined by U(1)g (X =0,U".D")




not a mere book-keeping
take FN(Q;) > FN (Q,) > FN(Q3) 2 0

(Vu,d)ij = % <1 (l < ]) Veru = Vu+Vd
Q;

Vud = Vcs = th = 0(1)
Vub ~ th ~ Vus X Vcb [O.K. within a factor of 2]

independently from the specific charge choice

correct orders of magnitude of V;; FN(Q) = (3,2,0)
reproduced by e.g.

correct orders of magnitude of

quark/charged lepton mass ratios FN(U<) = FN(E¢) = FN(Q) = (3,2,0)
[up to a couple of moderate tunings] FN(D<) = FN(L) = (2,0,0)

reproduced by e.g.



B is a symmetry really needed ?

y,=F, Y F,

yd =FDCYdFQ

. split fermions in an Extra Dimension

IR

UV

ED u, P
F = 24, Flat [0,7R] | M, /A | AxR
SO P Warped [R,R'] | 1/2-M R | log RV R

no symmetry:
hierarchy produced by geometry

. partial compositness

-1
F, =AM
X, I l
chiral multiplets X; of

the MSSM coupled to

a superconformal sector
[Nelson-Strassler 0006251]

M. = bulk mass of fermion X;
Yuq = O(1) Yukawa couplings between bulk fermions

and a Higgs localized at one brane

M, = masses of composite fermions
A; = elementary-composite mixing

Yudq = O(1) Yukawa couplings in composite sector

i Y; anomalous dimension of X;
2
) <1

— R sl
A=Msyr A=Mp,

C

A



can be extended to the lepton sector

ho evidence for big hierarchies in neutrino mixing angles
clear hierarchy only in the charged lepton masses

F.<<F .<<F
E; E E

C

3 [viable both for Majorana or Dirac

neutrinos, here focus on Majorana]
‘ F =F =F y

Ll LZ L3
B an extreme possibility
F =F =F

[Hall, Murayama, Weiner 1999
L L, L,  Anarc hy De Gouvea, Murayama 1204.1249]

o) o) o) it el 08 05 02
m x| O1) O@1) O and mass ratios Upps| <[ 04 0.6 0.6
Y from random O(1)

o) o) o) S 04 06 08

consistent with data

945 # 0.15 rad and the hint for non maximal 9,5 (from global fits)
have strengthened the case for anarchy



B with many variants..

-- variants of Anarchy e.g. in U(1)g, models, A
quarks and leptons treated on equal foot
-- compatible with SU(5) unification
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flavor puzzle made simpler in SU(B) ?

§=(l, dc) 10=(q) ucjec) 1=v¢ LY=—yilel.10j SH_yZSiIOj gH

> =D, 1) Higgs 15,5, ~~M 11 +he.
7 not a bad first-order approximations 2
Y; =Y, onlycorrections of O(1) needed
remedies well-known

v,=FY,F,  M=FuF,
only three matrices [’

IO’Fg’}Tl
T -1
yu=F10YuF10 yd=F§YdF10 ye=F10YdTF§ mVOCFgYV‘u YvF§

adopt anarchy anzatz hierarchy mostly due to Fy,

F, dependence o s

CGnCCISian mu.mc.mtzmd.ms.mbzme.mu.mr

F. =diag(1,1,1) A0 0 realistic picture
. F =l 0o A2 o after correcting

large | mixing corresponds 10 _ 7

to a large d¢ mixing: 0 0 1 Ya=DYe

unobservable in weak int.
of quarks



and SO(10) ?

previous picture seems incompatible with SO(10) at first sight

a whole SM

?nezel'gmon L =—y1016 16 10 +/1.C. only one matrix E6

O(1)

V/

Vio = Eé YIO Eé\)
affects all members of the 16

in the same way: no distinction
between quarks and leptons

adding more Yukawa couplings does not help, if ¥ are all O(1)

126

md mu e
L, ==16[y510,, + 0,120, +%, 126, |16 +he. —Lm—tim—t



extension to SO(10) made possible by Kitano-Li

[Phys.Rev. D67 (2003) 116004]
SUSY SO(10) model in (flat) 5D

N=2
vector multiplet %45
5D N=1 SUSY is 5D = SY/Z, matter mul‘ripple’rs %3 x 16
4D N=2 SUSY breaks N=2 SUSY
down to N=1
Higgs and Yukawa Y=0(1)
intferactions on y=0
brane

0 1/Rx¥Mg,r TR

Othorder approximation

0 u = % bulk mass of 16, in units of A
F = Y, A
16, [—e 2"  p=AnR length of ED in units 1/A

zero-mode wave-function of 16, evaluated at y=0
no distinction between quarks and leptons within the same family



1st key ingredient

bulk gauge interaction between 16, and vector multiplet = universal Yukawa

interaction
16; [Mi - \/5g545c1>]16i SO(10) > SUB)xU(1), = SU(5) =G,
N=1 chiral multiplet being part <45 >= V32
of N=2 vector multiplet ® @
, ) r 105 1 2
Ml.%‘ul.=‘ul.—Qk r k=\/5g&
X O, |-113]|-5 S A

we are back to the SU(B) case
T, -1
yu = EOYuEO yd = F§YdF10 ye = F;OYng i, % F§Yv U YVF§

2/11. profiles F controlled by only
Fr = - 4 free parameters: p; and k




2nd key ingredient
multiple contributions to O(1) Yukawa couplings at y=0 such that Y, Y, Y., Y,
can be treated as independent [otherwise incorrect mass relations]

o)
A

45 more details

Y, 161'16]'1011 + Y'ij 16i16].10H TH + } f in poster session

by Denise Vicino
we have reconsidered the KL model [F, Patel, Vicino 1407.2913]

. modified Yukawa couplings at y=0 such that Y, Y4, Y., Y, arise from
operators of the same dimensionality

cut-off scale A
can be > Mgt

5(») [¥)16,16,10,,+ 2,166 120, + Y2 1616 126, +]

120 126
A

27 O(1) free parameters \

chance

. explicit solution to the doublet-triplet splitting problem through the missing
partner mechanism

light sector: 10,, and 120, [3 pairs of D and 3 pairs of T]
heavy sector: 126, 126,,, 45,120, [2 pairs of D and 3 pairs of T]

8 O(1) free parameters define the light Higgs combinations



. fit to an idealized set of 17 data

Normal ordering Inverted ordering parame.‘-er‘s
Observable Fitted value Pull Fitted value Pull
n 0.51 0 0.54 1.00
U 0.37 0 0.37 0
Yr 0.51 0 0.47 -1.00
M/ Me 0.0027 0 0.0031 0.67
ma/ms 0.051 0 0.045 -0.86
Me /My 0.0048 0 0.0048 0 agr.eemen-‘- HOT
me/my 0.0023 0 0.0023 ..
me /M 0.016 0 0.015 -0.50 comple‘rely trivial:
my/me 0.050 0 0.049 -0.50 indeed only |Cll"9€
\ A 0.227 0 0.227 0 .
v 0037 0 003 100 tanp is allowed
[Vas| 0.0033 0 0.0030 -0.50 [her'e Tanb: 50]
Jop 0.000023 0 0.000021 -0.51
Ag/A4 0.0309 0 0.0320 0.73
sin? 015 0.308 0 0.309 0.06
sin? B3 0.425 0 0.435 -0.07
sin? 03 0.0234 0 0.0237 -0.10
Xin ~0 ~5.75
Predicted value Predicted value
Miyipiese 0EV] 0.08 2.15 bOTh NO and IO
mesl fmev] 163 304 neutrino spectrum
sin o, 0.265 0.510 c
My, [EEV] 3.85 x 10° 1.13 x 104 Iead foa decenT f”.
My, [GeV] 9.31 x 107 3.06 x 106
My, [GeV] 2.19 x 104 2.02 x 1013
vg [GeV] 0.05 x 106 0.18 x 10'6

35 O(1) + 4 profile

TABLE II. Results from numerical fit corresponding to minimized x? for normal (NO) and inverted
ordering (I0) in neutrino masses. The fit is carried out for the GUT scale extrapolated data given

in Table I for tan 8 = 50. The input parameters are collected in Appendix.



are the 27 O(1) Yukawa coupling fine-tuned?

we reiterate the fit by first generating a random sample of Yukawas
for every such fit 27 parameters are now fixed: 8+4=12 free parameters
v=(17-12)=5 dof

0.14} Normal 1 IO is fine-tuned:
[ Inverted i
0.12} " 1 no anarchy
flat distributions _ 0.10} | ] for‘ NO fine-Tuning
‘Ylj‘ = [05’15] ';-; 0.08 - : GCCCPTGble
arg(Yi.) €[0,22] £ | :
/ S 0.06} i -
or - i |
0.04 .
Y, e(+i,-1+i,-1-i,1-i0) [ ]
0.02F .
0.1 1. 10. 100. 1000. 10000.
[tanB=50] Xmin/ ¥
p—value 0.50 0.10 0.05 0.001
X2/ v (for v =5) <0.87 <1.8 <221 <410
successful cases (NO) 0.1% 0.7% 1.2% 5.6%

successful cases (I0) < 1073% <1073% 1073%  0.01%

TABLE III. The fraction of successful events obtained for different p—values from random samples

of O(1) Yukawa couplings in case of normal and inverted ordering in the neutrino masses.



our predictions for NO [tanf=50]

0.5F

Probability
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|
beyond the reach of current experiments:
....................... 7 The model can be easily falsified
3 ]
0.5¢
My,
04r
03 My, RH neutrinos too-light:
T leptogenesis from Lightest or NTL
02 reutrino decay does not work
01f
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Log,o(My,/GeV)



special features of data should be considered accidental in previous picture

today most precise single ose .
determination of 0,5 is il 0.514°% (NH)  well compatible

23 +0.055 with 9,-. maximal
from T2K (P,,) [1403.1532] 0.5117°%°  (IH) 23
Bl N\ P ” ) 1 [Tek 1311.4750
< = and 1311.4114
. 6CP = "1-[/2 ? He E ]
Am3,>0
2.0 MM 68% CL ]
i ‘ 90% CL B
— Best fit i
i = PDG2012 1o range |
D 'sp e S N ]
[ o 3 g NERRREBE
i 3 D e 20 2 @6 [Pue]
1.0r :\J; B c:TI>:' ] global fit:
- s 1 3 ] G.-Garcia, Maltoni, Salvado,
osf ¥ [1] 3 1 Schwetz 1209.3023
[ ;o ] < ’ A0 [1] Capqzzi, Fogli, Lisi, Marrone,
1/\ 5 ] ] Montanino, Palazzo 1312.2878
%000 oo1 0.02 003 oo4 0.05 0.06 b BN NN Forero, Tortola, Valle
sinfo,, 0 005 0.1 0.1I5 02 025 0.3 035 04 1405.7540
sin 28

both 9,3 maximal and &, = -11/2 can be explained by flavour symmeftries
[-> next talks]



Conclusions

flavour symmetries are a useful tool in our quest of the origin of Y
but no compelling and unique picture have emerged so far.

Present data can be described within widely different frameworks
[despite the constant, impressive progress on the experimental side]

. simple schemes with a minimal amount of structure can
well reproduce the main features of Y in both quark and lepton sectors
also in a GUT framework
main drawbacks: -- no precise questions/no precision tests allowed
[e.g. maximal 9,3 unexplained]
-- more structure needed to suppress FCNC and CPV
if there is new physics at the TeV scale

. some special features [9,3 maximal, 8, = -T1/2, Uppns *TB, BM,...]
can survive experimental refinements and guide us in the search of
first principles



back up slides



Observables tan 8 = 10 tan 8 = 50
Y 0.48 4 0.02 0.51 4 0.03
Y 0.051 £ 0.002 0.37 4 0.02
Yr 0.070 + 0.003 0.51 4 0.04
My /M 0.0027 + 0.0006 0.0027 4 0.0006
ma/ms 0.051 + 0.007 0.051 £ 0.007
Me /My, 0.0048 + 0.0002 0.0048 + 0.0002
Me/my 0.0025 + 0.0002 0.0023 4 0.0002
ms/my 0.019 + 0.002 0.016 £ 0.002
my,/m; 0.059 + 0.002 0.050 =+ 0.002
Vs | 0.227 4 0.001
|Ven| 0.037 4 0.001
\ 0.0033 £ 0.0006
Jop 0.000023 + 0.000004
Ag/1075 eV? 7.544+0.26 (NO or 10)
Aq/1073 eV? 2.44 +£0.08 (NO) 2.40 +0.07 (10)
sin? 012 0.308 4-0.017 (NO or 10)
sin? a3 0.425 + 0.029 (NO) 0.437 £ 0.029 (1I0)
sin?613  0.0234 £ 0.0022 (NO) 0.0239 £ 0.0021 (I0)

TABLE I. The GUT scale values of the charged fermion masses and quark mixing parameters
from [30] that we use in our analysis. The lepton mixing angles and solar and atmospheric mass
differences are taken from a global fit analysis [34] ignoring the running effects. NO (IO) stands

for the normal (inverted) ordering in the neutrino masses.



16,

|

|

-2 Ml'p

\/me—\ui\p
1/\Jp

(u, >0 wp=l)
(1, <0 |u|p=1)

(up<D)



B constraints from lepton flavour violation

take the limit m, = 0 in our setup, in general
if MFV applied, we would — Fec, FL. Y. do not commute
expect no LFV [y, diagonal] [not even when F| is universal]
LFV expected at some level
e
dominant LFV L, =—5E(0, F")F YY'Y,F)HL)
dipole operator ANP ~ 7

not d?&gonal
when ¥, = F_ .Y, F} diagonal

Explicit computation in RS

Agashe, Blechman, Petriello 0606021
[chE.S Geros:ri\arrr\\,a'rl"anzdg,e Tcs)ai 1004.2037] M KK > 0(10) Tev
BR(u—ey)<5.7x107" comparable bounds from e EDM

[Keren-Zur, Lodone, Nardecchia,
Pappadopulo, Rattazzi, Vecchi, 1205.5803]

B F universality is not enough

a sufficient condition for
the absence of LFV: FEC ? Ye ? FL

for instance:

diagonal in the same basis

; [M.C. Chen and Yu, 08042503
F, o« 1 FEC x Y)Y Perez, Randall 0805.4652]



. anything special from data, requiring a symmetry?

. U,3 maximal ?
3 examples from
B o.--n/02o

a longer list...
. Upmns close to TB (BM,...) ?

today most precise single determination of 0,3 is from T2K (P,,)
[1403.1532
29 0.514720 (NH)  well compa’;ible with
23 +0.0 U,- maxima
0.511% 2 (IH) 23 e
. : . ' 0.567°°92  (NH
global fits hint at 9,5 non-maximal lsin’ @, = o (NH)
main effect: interplay between B ! 2] 0.573" ... (IH)
SBL reactor experiments (P,,)and | | P
LBL experiments searching (P,.) I Y At Y
- ¢ global fit:
Am2 I L ] R [1] Capozzi, Fogli, Lisi, Marrone,
1 ain2 ) 32 o VT TH ] Montanino, Palazzo 1312.2878
Pee =1-sin 21913 pin T I L) T"\—.{ 1 [2] Forero, Tortola, Valle
i ' 1405.7540
A zL oW
P =sin’®, sin? 2. sin? 2 4 03 04 05 06 07
ue 23 13

. 2
sin 623

a small change of P, and/or P, within about 1o can bring back 9,3 to maximal




difficult to improve
9,5 from P, 09, ~,/oP, 12 oF, =00l ‘ 69, =0.05 rad (2.9%)

9,5 nearly maximal would be a crucial piece of information

. 3,3 cannot be made maximal by RGE evolution
[barring tuning of b.c. and/or thresold corrections]

. when a flavour symmetry is present, 3,; is determined entirely by
breaking effects [no maximal 3,5 from an exact symmetry]

broken abelian symmetries do not work we are left with broken
[not a theorem but no counterexamples] non-abelian symmeftries

/E 17 T T T T ]
o C i
@]
- S ]
B o.--/02 [Pl -
ok Ami>0 ]
2.0 - 689 CL
- 90% CL
’ 0.5 — Best fi -
15[ ] g L P]%b(t}21(512 1o range |
-» SER B AN *
25 o g IS N NN P ““““““““
1.0F AV R Sy [ He]
N AVE = sk ]
Z PR ] o -
0.5} i [11 18 0F ]
i ot ] < r
e 1 05k Am3,<0
O'O llllllll:lml:llllllllllllll ] . 0.5: 32
0.00 0.01 0.02 9.(2)3 0.04 0.05 0.06 N Y ] [T2K: 1311.4750
sine, 0 005 0.1 0.15 02 025 03 035 04 and 1311.4114]

sin 26 5



. Upmns Close to TB (BM,...) ?

discrete flavor symmetries showed U
very efficient to reproduce Uy, Ugp,... PMNS

indirect: symmetries of m,and (m,*m,)

have no direct relation to G
[see King, Merle, Morisi, Shimizu and Tanimoto 1402.4271]

direct: symmetries of m,and (m,* m,)
are subgroups of G;

4 predictions

g, 0, U, O (modmr)

3x3 matrix space

= U, + corrections

Q(va
O
N
Aé <« Gf
L/ %
- (:\0(\

diagonal matrices

Majorana neutrinos | | smallest group leading to TB:
imply 6, < Z, xZ, || S,;*% (As+accidental symmetry)

neutrino masses fitted,
hot predicted.

B expectation for U%y\s=U+g
9 =0 . 9, = O(few degrees)

9, = % ,, =close to %

not to spoil the
agreement with 3,

wrong



. add large corrections O(33) # 0.2

- predictability is lost since in general correction terms are many
- new dangerous sources of FC/CPV if NP is at the TeV scale

. relax symmetry requirements  [Hernandez,Smirnov 1204.0445]

G, as before 2 predictions: 90 90 90
6,=Z, 2 combinations of U, 23 13 Ycp
two deformations of TB, called Trimaximal [TM] mixing
TM1 TMZ
1 0 0 cosa 0 e“sina
U°=UTB>< 0 cpsa e sina U’ =U,, x 0 1 0
0 -e“sina coso —e®sina 0 cosa

leads to testable sum rules
sin’ v, = % — %sin2 U, + O(sin* V) sin’ v, = ! + lsin2 U, + O(sin’ )
: 1 1 . :
sin” 0, = % —V2sind,, cosd, ., + O(sin” ;) sin’ 0,, = 5 + ﬁsm U,,c080,, + O(sin” )

[He, Zee 2007 and 2011, Grimus, Lavoura 2008, Grimus, Lavoura, Singraber 2009, Albright, Rodejohann 2009,
Antusch, King, Luhn, Spinrath 2011, King, Luhn 2011, 6. Altarelli, F.F., L. Merlo and E. Stamou hep-ph/1205.4670 ]



deviation from TB is linear in
for sin%8,5, whereas is quadratic
for sin20,,, the best measured

angle

sum rules can be ftested by measuring

Ocp and improving on sin? 3,5

. change discrete group G;

- solutions exist
special forms of TM,

Sep/ T

Gf A(96) | A(384) | A(600)
o +1 /12 | =x/24 | =1 /15
sin’ 103 0.045 | 0011 | 0.029

09 =0,11 (no CP violation) and

o “quantized” by group theory

complete classification of |Uppns!
from any finite group available now!

FURE B

1
...].....A_:...:...........-.... cessse

05k é-
@)'1 P P T T E T N C S ST 911.5. PR E Sln ﬂl?’
000 005 0.10 0.15 0.20
[ cosa 0 €“sina
0
U' =Up x 0 | 0
\—e"‘S sind 0O cosa

F.F., C. Hagedorn, R. de A.Toroop

hep-ph/1107.3486 and hep-ph/1112.1340

Lam 1208.5527 and 1301.1736

Holthausenl, Lim and Lindner 1212.2411

Neder, King, Stuart 1305.3200
Hagedorn, Meroni, Vitale 1307.5308]

[Fonseca, Grimus 1405.3678]



. change LO pattern |
UPMNS UB
corrected by U¢,, 110:-

: | : '
sin® 9, = > *sin ¥, cosd,, +O(sin’ 9,,)

6CP/1TO'5_-
. include CP in the SB pattern ol
[F. F, C. Hagedorn and .

G.p = G X CP R Ziegier 12115560, 13037178

Ding,King, Luhn,Stuart 1303.6180

/ \ Ding, King, Stuart 1307.4212]
G, =7Z,xCP

mixing angles and CP violating phases

( 129 239 13960 a [)’)

predicted in terms of a single real
parameter O < & < 1T

2 examples with
Gf:54 Ge:Z3

- 2 0
sin 19“23 =

" " 1 " " 1 " " 1 "
0.00 005 a.le 0.15
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0,5 maximal from some flavour symmetries ?

3,5 = 11/4 can never arise in the limit of
an exact realistic symmetry

a no-go theorem
[F. 2004]

charged lepton mass matrix:

symmetry breaking effects:
vanishing when flavour symmetry F

symmetric limit is exact

realistic symmeftry:

i <ot

2) mP has rank <1 R
(@) m 19162 undetermined

[omitting phases]

determined entirely by breaking effects
(different, in general, for v and e sectors)




B 2011/2012 breakthrough

-- LBL experiments searching for v, -> v, conversion
-- SBL reactor experiments searching for anti-v, disappearance

Lisi [NeuTel 2013]

[see Fogli's talk]

[1209.3023] [6-Garcia, Maltoni, Salvado, Schwetz]

0.0241*°%% (NO)

0.392*% (10)

-0.022

sin2 9 -0.0025 0.0227+0.0023
P 0.0244700 (10) R
0.386*%4 (NO
sin’ 9, o (NO) 0.413'0°7 ®0.5947 )

B sterile neutrinos coming back

1 reactor anomaly (anti-v, disappearance)
re-evaluation of reactor anti-v, flux: new estimate 3.5% higher than old one

-
-
|

Nucifer :
{2012) :
I
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from O

hint for non
maximal 9,3

((I)exp - (I)th) / (I)th == 6%

impact

on flavor
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(part 3)

[th. uncertainty?]

U =0.2
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supported by the Gallium anomaly T

v, flux measured from high intensity
radioactive sources in Gallex, Sage exp

4 |=—90.00 %

v + 'Ga— ""Ge+ e~ [error on o oronGe
¢ extraction efficiency]

. most recent cosmological limits

[depending on assumed cosmological
model, data set included,...]

relativistic degrees of freedom
at recombination epoch

Neﬁ, =3.30+0.27
[Planck, WMAP, BAO, high multiple CMB data]

fully thermalized non relativistic v
N, < 380 (95%CL)

m < 042elV (95% CL)

2 long-standing claim
evidence for v, -> v, appearance in accelerator experiments

exp E(MeV) | L(m)
LSND v, >V, 10+50 | 30 | 3.80
v, =V . .
MiniBoone | " ° |300+3000| 541 | 3.80 [signal from low-energy region]
Vv —v



102

parameter space limited by
negative results from Karmen

and ICARUS &-\‘O 7

> |

9 ~0.035 O

eu N

2 2 1
Am-=0.5¢elV <

10—2 L1l

T
w —6

% —90% CL
| — 95% CL
g —99%CL

— O
KARMEN2 90% CL
LSND 90% CL LSND 99% CL | H

8% CL

o,
0,

°5) h
Excluded at 90% CLo
—> Excluded at99% CL J

ICARUS

interpretation in 3+1 scheme: inconsistent
(more than 1s disfavored by
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other realizations of Anarchy (II)
Nelson-Strassler [0006251 “Suppressing Flavor Anarchy”]

Anarchy can arise when matter chiral supermultiplets X; of the MSSM are
coupled to a superconformal sector in some finite energy range

e.qg.  ———— SN
A=Megyr A=Mp,
large positive anomalous dimensions for X;: % =d(X,)-1>0
N A =i
K=YZX'X. +.. Z(A)=Z(N)|—=
2 l l l l( C) Hl(lf—)/( A)
Anarchy through wave function renormalization: X, —> Fy X,
Vi
A )2
W=Y, XX H+ ..~ (F Y,F, )X.X H+.. F, =(Ac) 1
. [as in FN with a single flavon
ho underlying flavour symmetry and positive FN charges]

[an anomaly free R symmeftry is generated dynamically
at the IR stable fixed point: dim(X;)=2/3 R(X;)]

anomalous dimensions Y; calculable when gauge group and field content are known
[Polland, Simmons-Duffin 0910.4585]



