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Hesonic. bound stages ﬁ)rm
SUFY = SUFIR = U(1)e x Y1)
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Ule: V(1) ¢+ Ul4)r relaresto o conserved
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[M.Dichtl,J. Nawa, S.Pascoli  F- Sala.:
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M ony moe hadrons produced. from hish energy frmion collisions.
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?ﬂlt I St(mdald Lore for GH ( Gravitational Wawe)
(Plzmmerwlogg\

¢ ﬂom prcu. equations, p=1.

[R.Pasechnik, M. Reichert, F. Sannino & Z:W. Natg ; arXiv: 2309.16355)
[D.Croon, R. Hoot, \l. Sanz; arXiv: 1904.10963]
A Humboldt, J. Kubo, S. vander Woude ; or¥iv: 1904.0#391]
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Y &hwirsu 'DJM" equiation For dressed propaag.tor
[ Roder, J. Ruppert, D. Rishke; arXiv: nuel - th/0201085]
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MZ(0,T) =mi(o) + T—2{(3Ag —e))IB(R3) + ((F* = 1)(Ae + 2Xa) + c2(F? - 1))Ip(R%)

472
+ (O +e))IB(BY) + (F = DA — o F? = 1) I(R2) |
M} (0,T) = m (o) + g{(&\a —e)Ip(RZ) + (F? — 1)(Ag + 2X0) + c2(F? — 1))I(R3)
+ (A + e)IB(B2) + (F? = 1)Ae — eo(F? — 1)) Ip(R) }
2

M (0, T) = Mk (0) + 45 { O + 2 + )T (BE) + (P2 + Do + (F* — O — ) I (R)

+ (Ao — ) IB(RY) + (F2 = )X, + F2A, + C3)IB(R72r)}

T2
M2(o,T) = m2(o) + H{(’\” +2Xa + e2)IB(RY) + (F? + 1)A + (F? — 4)Aq — ¢3)I(R2)

+ (Ao — c2)IB(R2) + ((F% — 1)As + F2)\y + ¢c3)Ip(R%)
where
&1 = 25(PF)(PF — 1)(pF — 2)(pF — 3)3(Fp,4)
¢2 = 1 (PF) (0F — 2)(pF — 3)3(Fp,4)

C
¢s = 75 (PF)(PF® — 4F® + pF + 6)5(Fp, 4)
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CIT increases Mo, T) St. in the phenomenoloﬂmua inferesting region (wvahg)
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\pust = T* ( ball) [P + bal¢* +...- by (4" w"))
2

T T T T
/ fit parameters fmm (atﬁce

Table 1. The parameters for the best-fit points.

b0 e o B) ’ “‘( E—“)‘ ' a’( Iih)’ | a“( TJL).'

N 3 3 log 4 5 6 8 [R.ﬂl&ﬁhﬂik, M.'Reichcrr,
ao | 3.78 | 426 | 9.58 11.4 11.2 | 20.1

a1 | -5.48 | -6.53 | -8.81 | -12.2 | -29.1 | -52.3 . - .
az | 847 22.8 10.1 4.41 67.1 121 3 Smmo V» Z Ublang
as | -9.47 | -4.10 | -12.2 | -0.148 | -95.6 | -172

as | 0.222 0.475 | -8.29 | 329 | 592 130‘1.16?55]

bs | 2.36 | -1.77 -7.03

bs | 4.49 237 | -14.7 | -29.3 | -52.8

be 3.18 382 | 68.8

bs 12.6 | -22.7




Vmedwm connects the pure 3luon'.c . chirol components

Voed = - 21 [ 42 , Tef Witk T et )]
- 0330ming 2£/0 chemical potential
where Ep = {iprs m&? is the energy # the quarks.

QWl( mass tem m¢~3,o ~0.
[ K.Fulwshima, V. Skokow:
0(f) constant arXiv: 1105.007/3)

WB// t- ¢* assuming 2e%0 chemical. potentiol



'fcchl’umllg_ {(x) acts gs an oder/aramdcr (or this phuse trangition,
commlg,‘jusf use Hmn field pqprm. ﬁr {.ie

ot @1 ¢ Vs @) = Min [ Von 0,7, « Ve (0,7,0)]

0<t¢1
Denchmark F-t N=3
. i T/T' —[0'196 . . ....,u";wr
T s Cm(’inivzj Plat Ta~ 2
. 0.6 ; T,/Tx =0.186 :‘:.- m‘l.u 3} 1 . loc (Gc"]'-
i | My ~ 154 x107 (Gel)’
02+ 2
L M “““““““ 7 m ~ 5.3 x10 (GeVl
0.2 0.4 o.Ts/TA 0.8 1.0 1.2 f“ o~ 2121‘32 ch.
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First Order VT

Where the /alvc-wcwm pdnb'&'g(is
P(-n . C’I(U
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Neig_ht functiort

f( Ucleation / ‘pemolat.ion occurs when :
I(Tp = Tn)= 0.3%
@ fdu vacuum or

?‘Tp) =0+
alse
yacum [1.Ellis, M. Lewicki,J.M.No; as)iv: 1804.08242]




GN SP‘EC"“- [ Coprini et. al.s arXiv: 1512.0623A]
itivity { vrve
A, - &%’”Sﬂ""’ ' S"m‘j mam;wmsoj different freqpiencies

+ Looks fihe o srochostic bockgroundin a Gl
intesferometer (eJ LISR)

\ l : {atent heak
r reofxencg SPEEMUMY 81h: inverse duration «0‘ P1
Tn: nucleation temperakure

| Vi: bubble wall vclocilg_

§
[ W-Y. A, B.kavrent, J. Van deVis; ariv:2303.10171)




Smaller mass increases

P SiJ:lal 3rrm3th

1071 1071 - /
r — 054 <mg/f, <127 r — 047 <mg/f, <0.717
L - 4 L O b
% o 12<my/f <17 % e 0.71 < my/ f; < 0.96
G r — 1T <Smy/fr <23 G r J — 096 <mg/f, < 1.1 -
[ 23<m,/f; <41 | I Ll1<m,/f <14
102! 10721 4
.ii’.l A L L L L L L I L L .“." Ai:\:::.ai ‘ ‘ 1‘ R, N
10 0.001 0.100 10 1000 10 10° 0.001 0.100 10 1000 10°
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()] L 4 N L 4
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C =g 1 I 1
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| # i Yy
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N=t colours, envelopeis minmax for TA~Efn F=[0.1,25).

Mk € [1,257 x10° (GeV)
o f0 €105,15] [g‘ x10* Gel
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\Ammol»ﬂcdiatcd SUSY an9 (AHSB)

‘Buscd on mguments from

[C(mh? Tto D) Hsnolo R Gupta. L k\iﬂil«, I. Rﬂ&) arXiv:2307.04304 ]
[ D. Uondo, H. Mwajama kB. Noether; acXiv:2509.13138 ]

(. ku\,amu ; arkiv: 2104011347
[C.Csaki, H .Hwasnmo.. 0. Telem; arXiv : 2104.101%1]



Compmison with the Lnfaﬁ M {imit K the O[i:)in (J the 'l, Moss
. aussicaﬂ& when mq ~ 0;

Ul x U(F)e = SUFL. x SUIF)e x [J(1)e x Ul

o Quantum mechanic
ﬂ%(ﬂn = U({)-0H)r.
i3 cxplicillg_ broken.

‘ -Anomoll}t_

9,132 € Fg T[GG)
"'L

(assumed onlgd,uc to F fondamental fermions & SU(N) gauge Jroop\

Si\!(s mass to the Gold srone boson IL cassociated to U(4)a current ).



'l: mass in QCD is much hiﬂhcf than the other pseudo- Goldstone pions.

mass scnerared fmm t Hoojt instanon term ¢

[G.'t Hoof:;?hﬂs Hev Lert, 33 8(196%)

Ph\n’s Rev D, 14, 3432 1936)].
( breaks axial
2F massiess -, d\arsc conservakion )
fermions
/“M@

Couplir:j ~ CS”e- 8“’/5: olat [‘ﬁ;l 1+55)¥]
"~ Tell- tale instanton ooupl«g_!




o In the Imge N Limit, the mm%unMs’ms:
9,.J-',: ~F ¢ TGG)~ A ¥ TG& ~0
16n* 6 N

whete hj‘l\] is the ‘t Hoo}t couplmg whichis held fxed.

ol'lowcucr- Fﬂl’hc ChirdLa ranqian to mvcrm}..,i scolin :
J*3 v~ g
(dﬂ:@)‘/" +h.c.)

Vym "'(

mmcﬂﬁ_ matches the expectation from the large N limit.
[E. Witten; Nvd‘Plnas B ™4 (1979) 235-30]
[G.Venctiano; Nod?hssB 159 (1939) 213- 224)



bucln apotential. wovld. hawe a branched Swocture

v
Selon’ fo "? e,
P i
3ugnbn’ | /\/ \./\/\ ____— octval. potential

K2 =1 k=0
k0, N1

which cannot be Sencratcd bginstanwns.

[ C.Csaki., e.al.5 ariv:2307.04309]



Stot} from AMSB (€ Conki. ekl 5 oy 2307, 04309

o oo .ldi o
Tree- {awel. porential for the squarks’ f Wbl potentil is ot quadratic. b
Superpoteatial is 20¢ cubic.

W i 3 -~ 9augino
V QNJJ a‘)w* —s |fector soperﬁcuwxe}\.u... 3
t m“m (aakjsj' ajk -k)

rm (W 3‘1“ 9k -3W) +he.

=> %‘Q% BJ’K is Kihler memic

Iﬂ(ﬂ,% To connect with QCD, musr take |imit:
A€<m-+ 00

QCO confinement sculc) s susy brculc.ns seale

[D. Uondo, H. Morajama x B. Noether; ackiv:2505.13133] (M. Hwa\,ama ; arkiv: 204011341
[C Csaki, T. R"ﬂ' M. Ruhdorfer . T. Youn; arXiv: 2505.03543]
[C.Csaki, H.Muraqoma., 0. Telem; arKiy : 2104.1011
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Croed FCN: ADS Superporentiol [ C.Coabi, en.al 5 ankiv.2307.04809]

W= (N-F) ( ANF )%H +Tr(meM)

olet M also seeeg.
whee H((- : @Qg' afe ~ the mesons. [M.D:ne, P Draper, L. Siephenson-
Haskins & 0. Yv; arkiv: 1612.05770)
Scalar Wrential s
Vo tconstants) (datU) ") e
whee -¢e™ T
Recall fiags H: 1 [ 9, vig ) 0
. 11\t vige T ((’iiw)lﬂ) .

fidd redefinition



[C.Csaki, A.Gomes. H. Murayama,
B. Noether, D.R. Varier &0. Tulem;
orXiv: 2212.032601]

p

Prtected rom ’Rxmamg_s to Incalculable Minima

C‘BE E * F‘-’ NIN*1.'

also seeeq 7

(O ey ot ey S580G6 o chunge

Case TL: N+1<FL3N/2 Gmﬂiv\o condensation in thedualsmsc grovp

Wiz 4 g, Miq; + Tr(maM)
NAT
fundamentals of SUCF - N)
“Relates scoles oForiSimL Kclual. theories

ASNFRSN-F )Y
and resylts in the same scalar potential

-1 -
V~ (constants) (datU) ftF - the.

| C.Cooke. et.al. ; ariv:2307.04804]



Imponam. I

» Impossible to zs¢ore Chiral Symmelry (Te wire \asa foncrion d’ d)
. Now We wans. todo this to invesfigate

a\l,mmena_brcukicg;

o The tem to ¢ry. would be
~-c (det §IF +ce.
where p= 1/(r-n) (for F>NH) but...
Teru fs Not Anvarync AT 2 - O!
= 53mmeﬂg¢°m°t be Lmeonh’.rcalised.

[ S.Coleman, J Wess & B. Zomino:
tructure (j phenomeno Ioaical laﬂranﬂians 1 ’Pﬁﬂs.(l?ev 141 (1969)]

0"&. hawe V) x SUCF)y .ymmdgt lincarty realised!



Can also see this in mainamplitu&s

fo-k
>< = p 0 () [-4F+6+pF+
T Ne F o [54G9 0]
Z

-:'1C F-it (2
¢ o** (FPOCF-3)F-DIF-1),

sition ¢j the vacoum,

(annat take T-+0 for p not ;mcﬂer!

4(5 Svch dynamics Camiliar in HEFT  CA. Falhowsk:, R . Rottaezi; arliv: 1902.059%)
[%. Monso, J.C. Criado , R. Houre, MW; ar¥iy: 2312.008811 , etx



liow can we investigate sucha rerm with Gs 7

Chiral ) mmery ahcad& m:/dg{ broken cxplicitlg bﬂ. quarh masses
* Add. %*deﬂcmatc qunrk mass term
\L.‘ < -£ (Tr[&]+T[&"])
F
o [Yew tree - level potential for o

ree 01+ - €0 m20* - 0™ + Aa
2 7* 3

(Zero temp, tree -level vacva. 0=-€ - mf - cp AL Ao E.’ ).
F /)



. Vacuum evolution now {ooks Like:

" T
. \ 1 Mug hawe nucleation
el
0+ -
0 g o

o [eeps usawagfmm the. non- analytic., would.-be: symmaric poins>,
Lo Must be very carctul about this
g shife rfhing around 0= fn

Vor= -£ o) - e S0eBT - ¢ (B0rBl 1o Gor )
z F ;



Asdc

Jero femperature ma.nejz

(01 € -trp2fil hofe shifbed equations fbr dresed
o F masse;

= f" PF)0F — 1)(oF - 2)(oF - 3)
S R F - 2 - 3)

C ~pF-4 . .
ﬁfvrp (pF)(pF? — 4F® + pF + 6)

C2

C3

Mx(0)= £+ 29‘):94* hfn"
?;. F
myu(0): ¢

4



6 Nek

ET . :
= my/f =038 -0.73
— my/f =073 1.1 |

my/fr=11-13 |

mylfr=13-15 -

Mylfe=15-21 -

107 — my/f=21-37
T T R | ™
f[Hz]
m%! v (0.5. 2.-5) xlOs m%l“(0000|100')X10‘ (&v}‘&

Ms ~ (05, 1.3 x108 Unirarg. K peturbative  Mh~ (0.001,0-05)x10° (GeV)*

b~ (0.6, 1.8)x10° (GeV)

- 7
fr ~ (0.9, 1.3) x103 (GeV) ? Tined Hoses:



my/f. = 0.17 = 0.40 |

my/ fo = 0.40 — 0.65 |

my/ fr = 0.65 — 0.88 -

my/fe = 0.88 = 1.1

=1.1-19 1

T R R e T

J[Hz]

mio.' v (0-50 2.-5) xlOs m%l“(0000|100')X10‘ (&v}‘l
m?é ~ (05, 13) Xloc - Uﬂitwg. KP&WrbaﬁVC "ﬁ". (0.00,’ 0.05‘xw‘ (Gc‘”t

b~ (0.6, 1.81x10% (6eV) iy~ (05,5108 (Gevr™
fx ~ (0.9, 1.3 x102 (GeV) My ~10.5,5)2106 (Gel)*



Condusmr5

1// Intcrcsﬁna_to test out these HMSB-' O.CD maumenté.

> (uestions about applicabil'g_cg_
mvcrsmgpnpinemmt % 505Y bmakirg_acalas.

(srowitational nomenology may be b,
2/ lrouitational wawe pheaomen %) may 7onean3 perhaps

incombination with a meson mass specirum '

j// f(mrtheless, there are mafgt unknowns & uncertainties

> uhnnﬂs check sovr EFT is umrag';



30(1&0;) = 3oundcdmss ﬂom Be‘ow

Wbt happens wien F>47

Vtu' -@01 _ S OF + lo- o-‘!’
2 F? 3
fhe EFT cordf iz at ‘mf..

o Tf Veo=4nba) >Via:fa)
potential is boundeol Kom below

o\ o 4fy 2°
T o Tf Vio=4nf) < VIO: fn)
potentiol MOT boundled from below

within EFT wliddﬂ.



