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Abstract

We extend the well-known ’t Hooft anomaly matching conditions for continuous
global symmetries to discrete groups. We state the matching conditions for all possible
anomalies which involve discrete symmetries explicitly in Table 1. There are two types
of discrete anomalies. For Type I anomalies, the matching conditions have to be al-
ways satisfied regardless of the details of the massive bound state spectrum. The Type
II anomalies have to be also matched except if there are fractionally charged massive
bound states in the theory. We check discrete anomaly matching in recent solutions of
certain N = 1 supersymmetric gauge theories, most of which satisfy these constraints.
The excluded examples include the chirally symmetric phase of N = 1 pure super-
symmetric Yang-Mills theories described by the Veneziano—Yankielowicz Lagrangian
and certain non-supersymmetric confining theories. The conjectured self-dual theories
based on exceptional gauge groups do not satisfy discrete anomaly matching nor map-
ping of operators, and are viable only if the discrete symmetry in the electric theory
appears as an accidental symmetry in the magnetic theory and vice versa.
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Abstract

We discuss the effects of instantons in partially broken gauge groups on the low-
energy effective gauge theory. Such effects arise when some of the instantons of the
original gauge group G are no longer contained in (or can not be gauge rotated into)
the unbroken group H. In cases of simple G and H, a good indicator for the existence
of such instantons is the “index of embedding.” However, in the general case one has
to examine m3(G/H) to decide whether there are any instantons in the broken part
of the gauge group. We give several examples of supersymmetric theories where such
instantons exist and leave their effects on the low-energy effective theory.

" The Footnote paper”
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Abstract

We consider extra dimensional gauge theories on an interval. We first review the deriva-
tion of the consistent boundary conditions (BC’s) from the action principle. These BC’s
include choices that give rise to breaking of the gauge symmetries. The boundary con-
ditions could be chosen to coincide with those commonly applied in orbifold theories,
but there are many more possibilities. To investigate the nature of gauge symmetry
breaking via BC’s we calculate the elastic scattering amplitudes for longitudinal gauge
bosons. We find that using a consistent set of BC’s the terms in these amplitudes that
explicitly grow with energy always cancel without having to introduce any additional
scalar degree of freedom, but rather by the exchange of Kaluza—Klein (KK) gauge
bosons. This suggests that perhaps the SM Higgs could be completely eliminated in
favor of some KK towers of gauge fields. We show that from the low-energy effective
theory perspective this seems to be indeed possible. We display an extra dimensional
toy model, where BC’s introduce a symmetry breaking pattern and mass spectrum
that resembles that in the standard model.
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We demonstrate that SO(N.) gauge theories with matter fields in the vector representation confine
due to monopole condensation and break the SU(Ng) chiral symmetry to SO(Np) via the quark
bilinear. Our results are obtained by perturbing the A/ = 1 supersymmetric theory with anomaly-

mediated supersymmetry breaking.

INTRODUCTION

Ever since quarks were proposed as fundamental con-
stituents of the proton, neutron, and numerous hadrons
by Gell-mann and Ne’eman [1, 2], it has been a mystery
why they cannot be observed directly in experiments.
At the same time, protons and neutrons bind in atomic
nuclei due to the exchange of light pions predicted by
Yukawa [3]. The binding of nuclei, and correspondingly
the entire world of chemistry, hinges on pions being much
lighter than protons, despite the fact that they are made
of the same quarks. The first mystery was “explained”
by postulating confinement of quarks by condensation
of magnetic monopoles via the dual Meifiner effect pro-

turns out that we should focus on Np < N, — 2 where
we can demonstrate monopole condensation.

In this Letter, we sketch the essence of the analysis,
while details are presented in a forthcoming companion
paper [28], that will also contain a discussion of the cases
where Np > N, — 2.

ANOMALY MEDIATION

Anomaly mediation of supersymmetry breaking
(AMSB) is parameterized by a single number m that ex-
plicitly breaks supersymmetry in two different ways. One
is the tree-level contribution based on the superpotential
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» Use of AMSB for studying QCD-like theories

* The n' Potential (and the Axion Mass)

e CP violation at 6=n

 Chiral perturbation theory and heavy quark
dynamics



Th f AMSB for in D-like theori

« SUSY gives powerful constraints on strong
dynamics

« Seiberg (+Intriligator, Hitoshi, ...) was able to nail
down phase structure of SUSY QCD in 1994 using

* Holomorphy

* 't Hooft anomaly matching
* Instanton calculations

* Integrating out/Higgsing

« Obtained many different phases depending on F vs
N



The ph f Y QCD

F > 3N Theory IR free
—— F =3N

Conformal - non-abelian Coulomb phase

— ['=-N
2
Free magnetic phase
—— F=N+1 s-confinement
—— F =N Quantum modified constraint
—— F=N-1

ADS superpotential, runaway vacuum

— =0 Pure SYM - gaugino condensation



SUSY QCD
 N=1 SUSY SU(N) gauge theory with F flavors
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* At low energies described in terms of mesons
= @;Q; andbaryons Bij. .= QiQ;...Qx



The ph f Y QCD

F > 3N Theory IR free
—— F =3N

Conformal - non-abelian Coulomb phase

— ['=-N
2
Free magnetic phase
—— F=N+1 s-confinement
—— F =N Quantum modified constraint
—— F=N-1

ADS superpotential, runaway vacuum

— =0 Pure SYM - gaugino condensation >




F=0 - Pure SYM
* No matter fields, no continuous flavor symmetry
» Zon discrete R-symmetry rotating gauginos
* Dynamics: gaugino condensation
. W =NA° (AN\) = —327%w; A3

« Should be truly confining V(R) ~ oR



The ph f Y QCD

F > 3N Theory IR free
—— F =3N

Conformal - non-abelian Coulomb phase

— ['=-N
2
Free magnetic phase
—— F=N+1 s-confinement
—— F =N Quantum modified constraint
—— F=N-1

ADS superpotential, runaway vacuum>

— =0 Pure SYM - gaugino condensation



<F<N: AD r ntial
* First obtained by Affleck, Dine, Seiberg 1984

* Dynamics generates a non-perturbative
superpotential

WaDs Z(N—F)<

ABN—F 1/(N-F)
det M )

 For F=N-1 actually generated by instanton,

calculable T

« Gauge group (partially) Higgsed

« V(R) ~ constant (at least for F=N-1)

* For F<N-1 gaugino condensation in unbroken group



The ph f Y QCD

F > 3N Theory IR free
—— F =3N

Conformal - non-abelian Coulomb phase

— ['=-N
2
Free magnetic phase
—— F=N+1 s-confinement
—— F =N Quantum modified constraint
—— F=N-1

ADS superpotential, runaway vacuum

— =0 Pure SYM - gaugino condensation



The ph f Y QCD

A beautiful picture, BUT very different from what we
expect in non-SUSY QCD

« Lattice simulations suggest only 2 phases

» Chiral symmetry breaking
 For large number of flavors (perhaps as
high as F>3N) conformal phase

* Would like to start making connection between
SUSY and non-SUSY theories



Adding SUSY breaking

* A long history of perturbing with SUSY breaking
terms, for example

« Aharony, Sonnenschein, Peskin, Yankielowicz '95
« Evans, Hsu, Schwetz ‘95

* Cheng & Shadmi 1998
« Arkani-Hamed & Rattazzi ‘'98; Luty & Rattazzi '99

* Abel, Buican, Komargodsky "11

* Increasingly more systematic approach
* Lots of interesting results, but no clear pattern of

what the actual phase structure is



Th f AMSB

* Proposal of Hitoshi in 2021: use
anomaly mediated SUSY breaking for
perturbing the Seiberg exact results

« AMSB: originally "~ "designed” to provide a specific
implementation for MSSM with predictive soft
breaking patterns

* Here we will simply use it only to study phases of
gauge theories, not as a BSM model

* Assumption of AMSB: SUSY breaking mediated
purely by supergravity, no direct interaction between
SUSY breaking sector and matter sector



AMSB

Randall, Sundrum ‘98
Giudice, Luty, Murayama, Rattazzi '98
see also Arkani-Hamed, Rattazzi ‘98

/ SUG ?A\

SUSY Matter sector/SQCD

* Assume matter sector sequestered - no direct
iInteractions with SUSY breaking generated

* Only source of SUSY the auxiliary field of
supergravity multiplet



AMSB

» Best way to describe effect of AMSB is via the
introduction of the Weyl compensator ®

Pomarol, Rattazzi ‘99

* This conformal compensator is a spurion for super-
Weyl transformations (SUSY rescaling + U(1)
rotations) with weight 1

* The effects of SUSY will show up through the

coupling
L= /d49<1>*<1>K + /d26’<1>3W + c.c.

e With the spurion @ = 1+ 6°m



AMSB

 |f the matter sector is conformal: can scale out ® by
rescaling the fields ~ ¢; — &1,

- For example if K = ®*®¢pT¢ and W = $°¢°

. @i — &1, rescaling will completely remove @
from the theory - no SUSY breaking

« SUSY breaking will be tied to violations of
conformality! UV insensitive process!



L in AMSBE eff

* If scale invariance broken via RGE running:

3 B(g?)

g
Blg*) = o2 SR -3CG)+... — ma(p) = — 29° (1)m
2 1 : 2
m; (1) = =7 Fi(w)m
%Y“’f = Y"P [#%’;Jr...] + (k< i)+ (k < §)
N |
Aijr(p) = —5(%‘ + 95 + ) ()m
92
» For example in SUSY QCD  m = 1 (3Ne — Ny)m
2 2 g° 2
mg = mg = (87?2)22@(3]\[6 — Ny)m



L in AMSBE eff

* Loop induced breaking terms provide positive
squark masses and gaugino mass - massless
spectrum that of ordinary QCD

* For AMSB version of MSSM slepton masses were
problematic - right handed sleptons were tachyonic.
Here only AF gauge group - AMSB gives perfect UV
boundary condition



A surprise - tree-level AMSB eff

* If there is a non-scale invariant superpotential: will
contribute to AMSB potential

ow
O

£tree =m (Cbz — SW) + c.c.

» Vanishes for dim 3 superpotential, but not in general

» Expression for general Kahler potential:

C.C., Gomes, Murayama, Telem ‘21
Viree :ainij*a;‘W* +m*m (&;Kgij*a;K — K)

+m (&ngj*@;K — SW) + c.c.



A non- rbative AMSB ntial

« Example: SU(N) for Nf< Nc. ADS Superpotentia ya

A3Nc—Nf 1/(Nc_Nf)
N.— N
( f) ( det M )

 Will lead to induced term from /d29<1>3WADs

ABNe—Ny\ 1/ (Ne=Ny)
—(BNC—Nf)m( 7 ) +c.c.
* Along direction (1 O\
Q=Q= | |e M=¢
o o)




* Non-perturbative effect involving SUSY breaking
« AMSB allows us to pin down this term

* Formally tree-level but really must be a non-
perturbative effect including SUSY breaking

* Will stabilize ADS superpotential!

* Will give rise to proper symmetry breaking pattern!



Phase for QCD* for N<N¢

%

Supersymmetric
ADS potential

together witfk/‘
AMSB

« Symmetry breaking pattern SU(Ny)r x SU(N¢)r — SU(N¢)v

* As in QCD, massless DOF'’s just pions

* Could be continuously connected to actual QCD for
m>>A



The ph f Y QCD/AMSB

AMSB QCD

PURE SUSY QCD

F>3N Theory IR free
—— F =3N
Conformal
- 3y

Free magnetic phase

—— =N +1 s-confinement
—— =N Quantum modified constraint
— FF =N —1

ADS

— =0 Pure SYM - gaugino condensation

}
;
}

QCD-like

Runaway?
+QCD-like
local

QCD-like

Non-calc +QCD

QCD-like



hiral Lagrangian and n’ ntial - = 1”

* Naive assumption U(1)a anomalous, broken by
iInstantons, so instanton effects will give mass to n'?

« Form of chiral Lagrangian would be
L= f>Tr {(OMU)J@“U] +aAf2TrmoU + h.c.

Linst = bA%f2e7% det U + h.c.

* In terms of iy’ Viy = —2bA° f7 cos(6 — Fy')



hiral Lagrangian and n’ ntial - = 1”

« Would correspond to instanton effect because ~ ei¢
« Would give ' mass ~ A

 Consistent with spurion analysis for axial U(1):
0—0+2F¢

n —n 42

- After integratingoutn’ ' = (0 + 2kn)/F
Vy = —aAf2e' 02/ Fy(m ™ T") 4 hc.

Ia _
2
= —2aAf? E m; COS (9+ i E tjwj)
i=1




The axion mass

R. d’Agnolo, R. Gupta, E. Kuflik, T. Roy,
M. Ruhdorfer and C.C.

« To get 6 dependence of potential also integrate out
plons Vo = _204Af7% [muCOS (g + ]€7T-|-7TO> + mg cos (g + km — WO)]

Vinin = —2|04|Af73\/m% + m3 + 2mymg cos 6

* If we also had a physical QCD axion: separate PQ
symmetry a—a+e, 0—0—ng

F 9—+ an F—-1 o
Va — —2C¥A2f2 T COS A + Z t‘gﬂ'j

i=1 j=1

* To get axion mass: integrate out pions! With axion
easy to solve EOM'’s, quadratic term around minimum

2
F
Vo, = al?f? o ( Z tjwj)

1=1



* Issue: large N limit anomaly vanishes
g° A F

~ F—2— T —T
iy 16 rGG ~ 62 N rGG — 0

* ' mass should vanish in this limit

* But from v, = —2sA2s2c0s0 — Fy) does not vanish for large
N

« Witten: n’ needs to cancel 0 dependence of pure QCD
vacuum energy E(6) = N2f(6/N) m?, %

» Form of potential £, = NA%f2(e % det U)l/N + h.c.



The Chiral Lagrangian and n’ ntial

« Non-analytic - how is it 2z periodic in 67?

* Need to have several branches, potential of the form

, 0 — Fn' + 2nk
V(9,7") = Miny, — 2NA?f2 cos( 73\[ ), k=0,....,N—1
| | " pure QCD (N=3) ' F=2N=3
K A T S P Q( : IR fsgomgrnnisamnsgamgon oo
b ’ s }': ] \ E (, '\, \,"\l' %
S = :
> 0 EE 0
>
k=0 k=2 k=1 k=2 k=1 k=0
“3A%2) ~3A%f2} . . .
0 T 2 3n A 0 b8 2 3 A



The Chiral Lagrangian and n’ ntial

e 11’ acts like a (heavy) axion and relaxes to minimum

of potential to cancel 8 dependence (and wash out

branch structure) () — 0+ 2k
F

» Check this picture in AMSB QCD

« Similar work & results by Dine, Draper, Stephenson-
Haskins & Xu (2016). They were using soft squark
and gluino masses - can reliably do only for F<N



’ ntial for F<N in AMSB QCD

R. d’Agnolo, R. Gupta, E. Kuflik, T. Roy,
M. Ruhdorfer and C.C.

« Consider first F<N - with quark mass
A3N—F) 1/(N—F)

Tr(MoM
det M + Tr(MoM)

W:(N—F)(
* The meson VEV as usual

N+ F A (N—F)/(2N)
qb:A(?,N—FE)

+ O(mq/m)

e The meson matrix:

Q}=1016%, Q}=Q%Ups, M=|¢]’U

« 11 part of U matrix, need to make sure we keep the
whole phase everywhere



F<N in AMSB QCD

 Chiral Lagrangian:

A3N—F

o2

ABN—F\ L/(N=F)
— 2 ( PP ) det(U)_l/(N_F)Tr(mTQUT) + c.c.

1/(N—F)
V=—m|@BN-F) ( ) det(U) Y WN=E) 1|62 Tr(mgU) | + c.c.

* Has the branch structure like Witten predicted, but 1/
(N-F) power. ' potential:

N+F\ N N 3 F n 60+27k
V——2(3N—F)<3N_F) (m) m|Al COS(N_an/— N—F)

N+ F 1—F/N<m>F/N 77/
—2F ( ) — Imgl|A|? cos (— + HQ)
3N — F |A| ”

N+FN\ TN N 5 N 1 0+ 27k
_4F<3N—F) (m) imol|Al COS(N_an/—I—HQ— N—F)’




E<N in AMSB QCD

 Pure QCD Vi =0, —6N2m|Appys|® cos <9 + Zﬂk)

N

* Just like Witten predicted (also Dine et al)

 For small number of flavors:

F F-1
F 0 + 2k 14 . j

i=1 j=1

*Again just as Witten predicted, and as in Dine et al.

m2, o< F?m|Aphys|®/f7 ~ 1/N



E<N in AMSB QCD

* F~N both large the situation is very different!

* For example F=N-1 and both large

1=1

" o1
N=F{1>1 b
Vi "SI ANS22 Ay P cos (N — 1)y = 6) — 2N Aphys|* Y m; cos (77/ +0o+ ) tZﬂ)
=1

F F-1
— 4N1/2m|AphyS|2 Zmi CcoS (Nn’ +0g — 0+ Z tgﬂ)

i=1 j=1
« No branches, n' mass does not go to zero
5 (x — 3)%x 5 F

= ith ==
T G -2 T TN

 Large F,N qualitatively different from large N, fixed F
limits!



F<N in AMSEB QCD
* For N-F>1 NOT an instanton effect

* We know it is actually gaugino condensation

* For F=N-1 it actually IS an instanton effect, and no
branches in QCD

* In that case the ' mass does not vanish for large N

* But also anomaly does not vanish, since both F,N —

* Which one is QCD? Does QCD with F=N have
branches or not?



 The F=N,N+1 special cases

* Only consider mesonic VEV, assume other branches
OK

¢« F=N W=X (det(]\QN_ BB _ 1) +mgTr(M)

Tr(MTM) XT'X B'B B'B
K= 7 T i oN—2 T 2N—2
afAl BIAE T y[A] 0| A

 Resulting ' potential N o
V =—2|AP(JA* + (N — 2)m?) cos (N —0) — 2m|A |2 Zmz cos ((N —1)n' —0g — 6 — Z tgwj)

i=1 j=1

N N-1
— 4dm|A? Zmz cos (77' +0g + Z t§7r3> :

i=1 j=1

* No branches - looks like an instanton effect!



n’ potential for F2N
 The F=N,N+1 special cases

* No branches - looks like an mstanton effect! E.g. F=N
V = =2[A*(JA]* + (N — 2)m®) cos (N — ) — 2m|A|? Zmzcos ((N ) —6g — ta]ﬂ'])

=1

— 4m]A|? Zmzcos (77 +0Q+1Vz:1t]7r3) :
 F>N+1 - Seiberg duality. Dual quarks will be massive,
get again gaugino condensation

* We will get very similar results as for F<N, with
N-F(_)F_N Vi, = —4(3N — 2F) <2F_3Nm>F/(2N_F)m|A|3cos< E_ 9+27rk)

N A F-N'"TF_N

2F — 3N m \ NN 9+27rk; e
—2F (NW> |A| Zm Ccos Nn —0g — Z

=1

F-1

AFN [2F —3N m \N/@N-F)
_ il A E: J
2F—3N( N |A|> AP ) micos 77+9Q+]§lt7rj ,




M. Ruhdorfer, T. Youn and C.C.

+ TrGG odd under CP - a 6 term generically breaks
CP explicitly (strong CP problem)

* However for 0 = 7 the effectof CPis § =7 < 6§ = —71

« But these two are related by 27t shift in ©, so CP is not
explicitly broken here. But is it spontaneously broken?

 Claim: in ordinary QCD it may.
* Results of Gaiotto, Kapustin, Komargodski, Seiberg

(2017-18) + di Vecchia, Rossi, Veneziano,
Yankielowicz (2017)



Spontaneous CP breaking
* Also for large N Witten 1979-80, di Vecchia,
Veneziano 1980

* For F=0 CP spontaneoulsy broken. Also holds at finite
N (Zohar et al - anomaly matching arguments)

* For F>1 and all masses equal CP also spontaneously
broken

 For F=1 there is a critical mass at which second order
phase transition

« Similarly for F>1 unequal masses critical surface



F=1in AMSB D th
* F=1 (implying F<N) the potential is

1 2 1
ASN—1\ N—1 ABN-1\ N—1
% ( ¢2 ) — 2¢ mg| —m [(3N — 1) ( ¢2 ) + ¢2mQ

1
V=-

5 + h.c..

*where M = ¢? and K =2¢'¢ .

. Since under CP M =5 Mt
want to separate out phase ¢ = fexp(idy)

 Potential to minimize:

25]6—9—271'5
N —1

2N§; — 0 — 2wl
—QmQxcos[ fN 7 W]), ¢=0,1,..., N —2,

V=22~ |A|3NN_1 (mé + 2% — mmg cos(267) — m(3N — 1)z cos [




2N

+ Here «-u('}')"" . For N=2,3 can analytically find
minimum. From thls find critical masses

1 2 2
mg,o ‘ — §COS — arccos _o) ~ 0.576511
m IN=2 2 3 27 3

mQ,O‘ 14 (1 289\ 27\ 1
— Zeos| = _2%7) M) 2 1 0.398853
m vz 9 (3 WS \T343) T3 ) T 9

« Can also find for large N limit
2
mos) 91, oL
m INs1 7N+O(N)

* However for N>3 only numerical solution
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The phase structure for F=1
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F=1in AMSB

SUQ2), F=1

D th

--SuU@d),F=1

mg=mgo/2 1

« The n’ potential as we pass through the critical mass

« At the critical mass n’ itself becomes massless




F=1 phase structure

----- A- i =
mpe
P - ,)O/) “s
" “oe/-t ‘\
P Uf‘b .
y QL .
r sfe . ‘\
Yoy,
/2 degenerate vacua, spont. 2P \
pure (S)YM i trivial domain wall theory '
e 4 £--> ':
mr T ¥
SU(N), on '.| Mirans + —Mpo unique vacuum ; A
domain walls |, CP conserved ."
\ (S)QCD
5 unique vacuum, explicit GF 7
‘\‘ '/' <+—>» st order
[t g <€---> 2nd order

e
- -
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Phase structure for F>1

100

E SU3), F=2

mg, my,

1 sz_md ,'x QCD
10¢ mg,=mg E o

-----------------------------------------

sz/m

0.10¢

0.01t .-~

001 010 1 10 100

mo, /m

« For equal masses CP always broken

« Unequal masses have phase boundary - critical mass
reappears in decoupling limit

* QCD-like mass ratios?



SU@B3), F=2
le/m=2

SU3), F=2
mg,/m=0.2

« The n' becomes massless at the phase boundaries

« Second order PT



Meson physics in AMSB QCD

T. Roy, M. Ruhdorfer, T. Youn and C.C.

* Once we add the quark masses, can also study

e Detailed structure of VEVs
« Meson masses - corrections to GMO
 Meson decays

» Take F=3 and use either F<N (easier but less dynamics) or
F=N (harder but more similar to actual QCD dynamics)

F=3F<NandF=N&A>m>m,>m;>m,



Meson physics in AMSB QCD

» Leading order in quark masses:

« All VEVs equal
e Gell-Mann Okubo satisfied

Mass / Theory F <N F=N
m2, (mg + my,)A (mg +my)B
m2. (mg + my,)A (mg +my)B
M0 (mg +ms)A (mg + ms)B
M+ (M, +ms)A (my, +ms)B
m?? %(md + m, +4my)A %(md + m,, + 4my)B
m727, %(md+mu+ms)A % — %n — %(md+mu+ms)B

=%

A3 (AN m X
—) +—, B=——+am
f 2 2A




» Corrections to quark condensates:

| 2 3
fi=f0+msj:- +mqfl- +Amqfl. +

m, = my + my, Am, = m;—m,
For F < N
, <1+md> A2 ; <1+mu> A2 ; <1+ms> A2
d= s Ju= > Js =
18/ 1\/3m 18/ \/3m 18/ 4/3m
ForFF=N
2 m(ms+m) mg—m,/2 Am
e (1 — L g pa—2 A
6aﬂA2 1842 12m 8m
m(ms +my) mg — m,/2 Am,
fiz=|l 1- —a —a A
6aﬁA2 184A2 12m 8m
m(ms + my) mg —my,/2
izl 1- +a A
6(1,BA2 18/A2 6m



Meson physics in AMSB QCD

 For both cases

]2:1_ Amq 1_£ + ...
1, ms—mq/2 1,

* In agreement with ChPT Gasser/Leutwyler

Olauloy =~ m,—m

(0|dd|0) my— m, { (0}55]0) | \ , R Mﬁ)}
=] -—2"Y41- + — (Mi-M?2-M?21 :
Olaulo) T2 M Ve

e Corrections to Gell-Mann Okubo sum rule

For F <N AEXP 70000 MeV?
A 7+ L ™ 2+7 2000 MeV?
=—|—=4+——|m; +—mn, ~ — e
GMO 27 648 m ) F 27 4
ForFF =N

Agmo is negative for F' < N, while not for ' = N unless m > A, which is
ordinary QCD



H rk physics?

« Can calculate meson decays
« Semi-leptonic decays: ChPT:
(0,U"0"U) — (0,U G Qy1¢y"vU) — G(0,Kn)(£y"v)
o' — DV = 0"+ GgQyJy, Jh = yty
* In AMSB QCD:
(M) — (M"eCv/wMe=%w/wy — Gp(0,Kn)(£7*v)

* In progress, also want to look at hadronic decays



Meson physics in AMSB QCD

« Some of the issues in heavy quark physics can be addressed -
those the don'’t involve mixing with generic heavy QCD states

1
» Charm decay constant , m. \ | a-r , My,
Jq = mN-F+1 A g _;fq

° nc - n’ mixing sin0n= , /%forF<N

: 3
sind, = — for F = Nand N+ 1 <F < >N

m.

1
sin9n=—forF=N+1
V2

3
ForF<NandN+1<F<5N

2 2 2 2

’
* 7]c, B Masses "y
ForF =N,N+1
Heavily depends on the form of K&hler potentials
2 2 2 2 2 2 2 2
my, ~ A° my ~ A or my, ~m:,my, ~ mg

Need a better understanding



sSummary
« Softly broken SUSY theories lab for studying
confinement and QCD physics

« AMSB is UV insensitive, produces QCD-like phase
structure

11 potential: for most cases not instanton induced,
except for special cases F=N-1,N,N+1

« Reproduce the structure of CP phases at 6=n

« Can study some meson physics - vacuum structure,
mass sum rules, semi-leptonic decays, heavy
charm physics,....



Happy birthdays - and please more physics!!!!

JHappy Birthday



