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(transitionFinder.py )—»C pathDeformation.py )
( tunnelinglD.py )

Figure 1: Overview of the CosmoTransitions package file structure. The
files pathDeformation.py and tunnelinglD.py find critical bubble profiles,
transitionFinder.py finds the minima of finite temperature potentials as a func-
tion of temperature and analyzes phase transitions, and generic_potential.py defines
an abstract class that can easily be subclassed to examine a specific model.
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#1. e A
m = MyModel()

#2. 18 37 R R IR AR £ A
m.getPhases()

#3. 7t H s R Te
m.calcTcTrans()

#4, F-RPTA K IRAR L
m.findAllTransitions()

# 5. 32 BUR A% 2 &A= bounce 13 &
for tr in m.TnTrans:
Tn = tr["Tnuc']
S3 over T =tr['action'] / Tn
phi_high = tr['high_veV']
phi_low =tr['low_vev']
instanton = tr['instanton']
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AL I, generic potential

Je. 4% 32 A2 A #11% p, CosmoTransitions class

447 B —ANFT LA#% phase tracing #= tunneling 4¢ fl 6942+ it/ VO
7 9 * boson_massSq / fermion massSq
* approxZeroTMin / Vtot



generic_potential 89 & /B %

class £

Generic_potential £ 1+ 4

AP X BRIk K, & %484 H) 18 ¥2 4= bounce 1
H, #RMIZEAS class IR B A8 A 23 o

Ban R AE:
init(): % & Ndim. Tmax. &% &%
VO(X): = X tree-level potential
boson massSq(X,T): XK & h =%
fermion massSq(X): & X % KR =

T : approxZeroTMin() 4 & R AR A4 HE

import numpy as np
from cosmoTransitions import generic_potential

class MyModel(generic_potential.generic_potential):

def init(self):
#1. X E W= 0 Y B AR B R
self. Ndim = 1
self. Tmax = 300.0
self.-renormScaleSq = 100.0**2

#2. X BRI AR
self.mu2 = 80.0**2
self.lam = 0.1
self.cT=0.2

def VO(self, X):
#3. & 3 tree-level potential
X = np.asanyarray(X)
phi=X[..., 0]
return -0.5*self. mu2*phi**2 + 0.25*self.lam*phi**4

def boson_massSq(self, X, T):
#4. RS IHRME HE R E
X = np.asanyarray(X)
phi=X]..., 0]

m2 = -self. mu2 + 3*self.lam*phi**2 + self.cT*T**2
massSq = np.array([m2]).T
dof = np.array([1.0])
¢ =np.array([1.5])
return massSq, dof, ¢
def fermion_massSq(self, X):

#5. W REAFAT, TRBEZ 4N
return np.array([]), np.array([])



init(): =R TTAZ &

Ndim 5132+ 7CH

InitOf+A?

A &
self Ndim=1 27 %%, selfNdim=2 &k T®¥%

F OV R EE BN P
self. Tmax # /€ phase tracing A % = /& I 44

PRAAER AR
XBAKZ G2 VO(). boson massSq() F #%14

X EBALN B AR ARG AR
4= x_eps. T eps. renormScaleSq

class MyModel(generic potential.generic potential):

def init(self):

#1. 32 1] &

# 174 X =[h, s], Pf¥A Ndim=2
self.Ndim =2

#H2 AEMB IR SR
self. Tmax = 300.0

#3. BALRE

self.x _eps=le-3

self.T eps=1le-3
self.renormScaleSq = 246.0**2

#4. BT H
self.mu_h2 = 88.0**2
self.lam h=0.13
self.mu_s2 =120.0%*2
self.lam s =0.20
self.lam hs=0.10



V0(X): tree-level potential

HEEWEET X
WA DLEA def VO(self, X):
X R T2 A e —AS & Tree-level potential.
X[..0]=h
X[...,0] 2 % —A4~3, Bldeh X[...,1]=s

X[,l] X’j’}ﬁ%;/\if‘]’ 'f§l]izg S min
X = np.asanyarray(X)

1B CME A % B PTRT R 69 B A

h=X]..., 0]
Python 5 i 1) 92y 1.
X =np.array([[246.0, 100.0], Vh =-0.5*self.mu_h2*h**2 + 0.25*self.lam_h*h**4
[200.0, 80.0],[150.0, 50.0]]) Vs = 0.5*self.mu_s2*s**2 + 0.25*self.lam s*s**4
Vhs = 0.25*self.lam_hs*h**2%*g**2
h=X]..., 0]
s=X[..., 1] return Vh + Vs + Vhs

print(h) # [246. 200. 150.]
print(s) # [100. 80. 50.]

04 1=E4sCH



boson_massSq(X,T)

H & Tk 5 daisy A2

def boson massSq(self, X, T):

Boson_massSqﬁfﬂ’F A X = np.asanyarray(X)
h=X[...0]
boson_massSq(X,T) e &F m &£, B H &A= Coleman- s =X[..., 1]

Weinberg % £ 0 X442 5
Pi h=selfc h* T**2

#ﬁ)‘ ﬁ [*] ,"é?. Pi_s=self.c s * T**2
ik =40 % K448 massSq, dof, ¢ mh2 = -self.mu_h2 + 3*self.lam_h*h**2\

+ 0.5*self.lam_hs*s**2 + Pi_h

massSq: é}fﬁi @7]{;"2 i\ R ”{Rﬁi j)ﬁ fg"% 73-m12 (¢' T) mG2 = -self mu h2 + self.lam h*h**2\
\ + 0.5*self.lam_hs*s**2 + Pi_h
dof: *t /249 B o B3 n,
ms2 = self.mu_s2 + 3*self.lam_s*s**2\
c: Coleman-Weinberg % %% *R +0.5%self.lam_hs*h**2 +Pi_s

FRHR 32, MAERETHR
rE T E 3/2, ALK ETHE 5/6 massSq = np.array([mh2, mG2, ms2]).T

- : . o dof = np.array([1, 3, 1])
% % J& daisy resummation, ¥] /£iX ¥ 4o A\ thermal mass ¢ =np.array([1.5, 1.5, 1.5])

return massSq, dof, ¢




fermion_massSq(X)

BT

Fermion_massSq#94E A

fermion massSq(X,T) £ KF R =%, a8 E X447
WA

B =405 KH 40 : massSq, dof

massSq: & % AKX HRBFE-FITmi(PpT)

dof: * &9 B & E K n;

Coleman-Weinberg # % B =&

def fermion massSq(self, X):

nmn

Field-dependent fermion masses.
Usually dominated by the top quark.

X = np.asanyarray(X)
h=X]..., 0]
mt2 = 0.5 * self.yt**2 * h**2

massSq = np.array([mt2]).T
dof = np.array([12.0])

return massSq, dof



approxZeroTMin()

W 842 - 4% 2| phase

approxZeroTMin{EFH

W EHAZ KB RIB R 7T RE B 20948,
YE 79 )& % phase tracing 49 #7145 &,

EEEIR:

® R4y R — 44k AR IME &

B KA BARIE A5

& & = KV 7T fit A 47 phase branch

% GREA I INEE S ANk B STARAR. AR, A4
AR I AVE Ay R i

def approxZeroTMin(self):
Approximate zero-temperature minima.
These points are used as starting guesses
for phase tracing.

nmn

return [
np.array([0.0, 0.0]), # symmetric phase
np.array([246.0, 0.0]),  # Higgs-like phase
np.array([0.0, 100.0]),  # singlet-like phase
np.array([246.0, 100.0]) # mixed phase



THEE Vtot?

TEBRENEE

EREFAR

BRIAFR

& A48 F BRIN Vitot:

A B # &Y tree-level potential: VO(X)
TAEHHE T/ AT m=k

— B CW & EA= it A5 E A2 fr B F) A3

F2FE Vtot 91

CEH TN V(P T)

1% R ORBRAZ R . e By 0 S BAT UL AL A 2 B
% 2 § & 3L counterterm. daisy R E LG 2
FKN—BRHRES G AR

def Vtot(self, X, T, include radiation=True):

nmn

Custom finite-temperature effective potential.
Use this only when the default construction
1s not suitable for the model.
X = np.asanyarray(X)
h=X]..., 0]
s=X[..., 1]
V0 = self.VO(X)
# Example: user-defined thermal correction
VT =0.5*self.c_ h*T**2*h**2 \

+ 0.5*self.c_s*T**2*g**2 \

- self. E¥T*h**3

return VO + VT



Phase tracing and forbidden phases

AR MBS B AR 89 1L I8

#2 4 AT 4% 2| phase? 1+ A W% E £ forbid 3 & * getPhases()
branch? « #2 % phase branches
' « forbidPhaseCrit()



getPhases(): A0 4 H)

temperature-dependent minima

getPhases/E

getPhases() & /& 1~ B i & T F & A2 ME
#—/~phase "AEANE, MA—FREE TGS X

a2 IRIeARAR R B LM MR AT R

¢ Rk 4 4£ . m.phases

J& %4 calcTcTrans() #= findAllTransitions() AR £ iX 2k

phase branches

T() =59.2 GCV

V(6) x 1076 (GeV)*

05 Phase tracing

80 cEL e Phase 0
~ Phase 1
70 — FOPT

\
= N
% 1)
=) S
| |

Temperature, T (GeV)
=
[=]
o
!

20 —
50

10

0

0 10 20 30 40 50 60 70 80
Field x (GeV)

2003.02859



Phase tracing #9 3 %

Find vacuum

Hixx4&:

Seed: A approxZeroTMin() %4 i 6942 AR MAH &K
Predict: A F AR MA K A4 T —I7 B &
Correct: £#&E T ZHHEHIFR DKL

Trace: 2i% %244 ]\ {A 1% 4% p%, phase branch

Detect endpoint: Hessian T 47 5+ & i I 57 AAE{AEY, A Hi%48
T fE7H &

Jump / search: 35 i35 & )5 F IR IMEA, & %R P2 P 19

A8

Filter: 3% forbidden phase #» redundant phase

05 Phase tracing

Phase tracing 5iER =

o } approxZeroTMin()

L RETRR/IME
v

(2] [ BESH T - T+AT

v

9 M F— &
de/dT = —H™' - 0;(VV)

v

(1) BB MLEE
minimize V (¢, T+AT)

v

#%#ER phase branch
@(T)

v

Hessian &7 & or I A4S E(E

S

(5]
o A/ KA
7]

[ BEWETARIME | BRI E

v

MR TTR phase

removeRedundantPhases()

em

F 4% B Hessian?

o H=0V/0p,0p,, WARBE
o REARMEREE M
o BHEME > 0: HARBIMRME

e det H ~ 0 S AKFEE:
DXERLE R [ KT

| BMKE: =0 |

e e

oyl HEWHEHHME |

L (B

____________________




44742 % m.phases?

& 7 }1% pretty output

44T 42 B phase 8913 &

® m.phases & —4* dictionary

® /™ key 3t 2 — % phase branch

® phase.T: % phase A /E 097 & =

® phase.X: HANRE S H K IMELL E

i1

® % X A phase %5 .
AT e #AT 248, &A& TEEF= X(T) 4935 %

® b THMMEE£69RE, —/Phase™ A2 IRINA £
4F JUANPhase, LAY U E Z5 M2 E

Print(m.phases)

0: Phase(key=0, X=[[295.6 406.4], ..., [239.6 217.6]],

T=[0, .

\

Phase &y
T B

05 Phase tracing

., 117.2],

v

ma e A

TH

dXdT=[[-0 -0], ..., [-61.58 -342.1]],

& — A~Phase/z %



A4+ 44 H redundant phases?

3t AR 48 % 49 &€ & branch

# 4 44 % redundant / forbidden phases

AEALETRIRE S 5oL, AL+ R ARMARM X K
T RBIF R — A3 AR,

=)
BT RE A & BOTARME, e
V(h,s) = V(h, —s)
BAL L2 KB A L
(h(T),s(T)) (h(T),-s(T))

\ )
|

FH9!

W RAREG, BT At H
transition removeRedundantPhases() & &AM IR T & 45 %

redundant phases ~EE

ﬁ phase A: (h, s) [ phase tracing '—b[ KEIRFED X ]
[
i ! '
s
v
L 3FR: V(h,5)=V (h,-s) . v
2 > h WIE EE0 (FigiE)
SEE—
N [ forbidPhaseCrit /
PR (h’ s) removeRedundantPhases )

05 Phase tracing

v

MRMEZ D XA HRTIEEE, MARE transition FIRFPES T,

forbidPhaseCrit



forbidPhaseCrit(X)

# # fundamental domain

forbidPhaseCrit
T4 545, AR5 t9phased E4L K5

ER

o & ) & 7 N %16 371X AN phase
« % AT s<0 & h<0 49 F £ X 3%
o LK £, B FEARLRM

getPhases() & 4¢ ¢ 4E # forbidCrit 4% A traceMultiMin(),
Z J& %418 A removeRedundantPhases() #% & 2 48,

def forbidPhaseCrit(self, X):

nan

Return True -> discard this phase point.
Return False -> keep this phase point.

Example: for a Z2 symmetry s <-> -s,
keep only the region s >= 0.

nan

X = np.asanyarray(X)

h=X]..., 0]
s=X[..., 1]
eps = le-5

# discard the mirror branch with s <0
return np.any(s < -eps)

05 Phase tracing



forbidPhaseCrit &y X &

IEEXTF

EEFAR

® XM FKAR
S RLA AT ARPE, T AR AR A B2 AN X
o KT RZ
A M #2689 phase T b £ & P 8] 48 R LS
® X X transition 7| &
m.phases 1~ % % 7T it & F 2 TcTrans / TnTrans 7~ ¥ 3£
® RIEIR £ MWELRBL
forbidden R & 7 “ANibAELF B IR, A GEIHIXANAR
AT

05 Phase tracing
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Transition. action 5 bubble profile

M TnTrans P& A EA A a94p3E <=

) i  calcTcTrans / findAllTransitions
& Z4H S3., S3/T. instanton. profile #= % %1% 7 - aeen = Sa

* bubble profile / fRatio



calcTcTrans(): W& S48 &

S ARH A ) I
calcTcTrans m = model1()
2 1% > ) s N2
F- 4% phase branches Z 18] &9 & - i% & R N
m.getPhases()
- 3
GEbIOE : ‘
TR #2. F &6 R4l %
tc_trans = m.calcTcTrans()
[{'Terit': 222.97792375905584, 'low vev': array([ 0.16185995, -0.12317515]), 43 B EH

'high_vev': array([ 0.16185995, -0.12317515]), 'low_phase': 1, 'high phase": 2, 'action': 0.0,

: for tr in tc_trans:
'instanton": None, 'trantype': 2, 'Delta_rho': 0.0}, =y

print("Tcrit =", tr["Tcrit"])

' ", —_n "1, 4 "
{'Terit": 109.40840756814627, 'high vev': array([ 220.02184053, -150.01519068]), Prmt(”hlgh phase ) tf[”hlghl’hase" )
'high phase': 1, Tow vev': array([263.48801219, 314.65396889]), print("low phase =", tr["low_phase"])
Tow_phase': 0, 'trantype': 1, Delta_rho': 471749616.58194387}] print("high vev =", tr["high_vev"])

print("low vev =", tr["low_vev"])
print("trantype =", tr["trantype"])
print("Delta_rho =", tr["Delta rho"])

06 Action/Profile



findAllTransitions(): 4% 48 &

T 4% tunneling transition

findAllTransitions

AR EE A o T3R5 IR R A 6 A% AR R

AR RAE

® A m.phases ¥ 4% FIRARME N AL B B EIR T &b IR AR
T

® FMLAMMAGTRAELELET, RFLE—MNHET F—W
AR R

® /] tunneling & 7t H bounce action F- 3% i# & & Az F)

&0 IR

S
= ~ 0(140)

A

y

findAllTransitions() ;&2 E

$A: m.phases / TcTrans
B4 phase branches 5IFEEER

|

EERERERE
MNEREEEFIRARRTS RRE

|

LR T ERERNT—1?

| mEme- —miﬁm

v

[ IR B O B AR A
ETEBH phase X%, hmwmsnm

]

[ E itH tunnellng/ bounce action

RERERGIIE?
SRR S5(T,)/T, ~ 140

ERERTERRE
SEMTHRER

06 Action/Profile

ves | EH/ZMAE
2R trantype = 2;
% bounce

A 4

Eﬁ#autﬂ mm]

g3 transition dlctlonary

Thuc, high_phase, low_phase,
high_vev, low_vev,
action, instanton

#it: m.TnTrans

S B REREEN?

* FEMARABHLHTIE
FHER

o ENLFIERELE, KE
B% phase &M a]geRE
ML

o W—MHREEE, REFD
18 bounce | Fit& &4

ol
HiE

[: 30 b AU

A8 “HIFHEERE”




transition dictionary

# A key — R #HF

findAllTransitionsfJ%8i ]

TnTrans AP & X G T A = iz
JE A8 % 6913 8;

¥ b4

TnTrans[ ‘low_vev’]
TnTrans[ ‘high vev’]
TnTrans[‘T nuc’]

TnTrans|[ ‘trantype’]

[{'Tnuc':

X
4
7
9
it
1
1
)
2
2
2
3
3

NN DN DN N W

222.97792375905584,
.93684030e-03, 2.
.51437299e-03,
.09190568e-03,
.66943836e-03,
.22469710e-02,
.48245037e-02,
.74020364e-02,
.99795691e-02,
.25571018e-02,
.51346345e-02,
.77121672e-02,
.02896999e-02,
.28672325e-02,
.54447652e-02,
.8022297%e-02,
.05998306e-02,
.31773633e-02,

58122348e-03,

.15875616e-03,
.73628885e-03,
.03138215e-02,
.28913542e-02,
.5468886%e-02,
.80464196e-02,
.06239523e-02,
.32014850e-02,
.57790177e-02,
.83565503e-02,
.09340830e-02,
.35116157e-02,
.60891484e-02,
.86666811e-02,
.12442138e-02,
.38217465e-02,
.63992791e-02,
.89768118e-02,

'low_vev':

array([ 0.16185
.22560665e-03,
.80313933e-03,
.38067202e-03,
.09582047e-02,
.35357374e-02,
.61132701e-02,
.86908028e-02,
.12683355e-02,
.38458681e-02,
.64234008e-02,
.90009335e-02,
.15784662e-02,
.41559989e-02,
.67335316e-02,
.93110643e-02,
.1888596%9e-02,
.44661296e-02,
.70436623e-02,
.96211950e-02,

06 Action/Profile

995,

-0.123175151),
.86998982e-03,
.44752250e-03,
.02505519e-03,
.16025879e-02,
.41801206e-02,
.67576532e-02,
.93351859e-02,
.19127186e-02,
.44902513e-02,
.70677840e-02,

2.96453167e-02,
.22228494e-02,
.48003821e-02,
.73779147e-02,
.99554474e-62,
.25329801e-02,
.51105128e-02,
.76880455e-02,
.02655782e-02,

'high_vev': array([ 0.16185995,

-0.12317515]),

'low_pha{




action 1~ & S3/T

— M REEVMAT

Action

trans["action"]: BRI AE A =S55(T,)
trans["Tnuc"]: Az & ET,
FOEF R THRAE A

S3(Tn) _ trans["action"]
T,  trans/"Tnuc"]

BRI R AZ B LA
$3(Tn) /T = 140

trans = m.TnTrans[0]

Tn = trans["Tnuc"]
S3 = trans["action"]

S3 over Tn=S3/Tn
print("Tn =", Tn)

print("S3 =", S3)
print("S3/Tn =", S3_over Tn)

06 Action/Profile



e 4T F 3 12 S3/T?

EE2ETEM fullTunneling

aN{aliRE action BEERERIZEN

Bors F ;|

Je 44 & — Y A48 & 49 high_phase #= low_phase
SENBET, THRAAMEG VEV:

high = m.phases[high key].valAt(T)

low =m.phases[low_key].valAt(T)

i B SLHAE
V =lambda X: m.Vtot(X, T, False)
dV = lambda X: m.gradV(X, T)

7R
inst = pd.fullTunneling(path_pts, V, dV)

R

S;(T) = inst.action

from cosmoTransitions import pathDeformation as pd
import numpy as np

# ik € — 48 K 2t &2 49 7 /> phase
high key = trans["high _phase"]
low_key = trans["low_phase"]

Ts = np.linspace(Tmin, Tmax, 20)
curve =[]
for T in Ts:

#1. 8 %5 ATR R E A I AR ME
high = m.phases[high key].valAt(T)
low = m.phases[low_key].valAt(T)

#2. Bl BT 69§ R A A
V =lambda X: m.Vtot(X, T, False)
dV =lambda X: m.gradV(X, T)

#3. 45342 A true vacuum %] false vacuum
path_pts = np.linspace(low, high, 20)

#4. K bounce
inst = pd.full Tunneling(path_pts, V, dV)

S3 = inst.action
curve.append([T, S3/T])

curve = np.array(curve)

06 Action/Profile



M S3/T £| beta/H

Ea;k Aﬁii

53| h ke £ B .
i EER .
Action T E 2, FIEFHA WNIELSE —% A, ’
IMm-FHRERTREREE

700

600

&SRR AT

£(T)
T w1’

LR Ryt E

500

400

SelT

=T T)2Z‘Li

200

100

SSM, BP1 led SSM, BP1
—e— Raw data —e— Raw data (2nd-order derivative)
—— Fitresult 3.54|-* Raw data (4nd-order derivative)
—— Fit resuk
155
-~ Se/T=140.00 GeV 30 1e3
1.2 —— T,=112.598 Gev
2.5 1.0
20 0.8
T
q 0.6
15
0.4
e 111 112 113 114 115
0.5
0.0 e
0 20 40 60 80 100 120 0 20 40 60 80 100 120
T (GeV) T (GeV)
SSM, BP2 led SSM, BP2
~&— Raw data ~#— Raw data (2nd-order derivative)
— Fitresuk 2.01 ~* Rawdata (4nd-order derivative)
— Fit resuk
155
—-- Sg/T=140.00 GeV led
150 1.0 T,=84.983 GEV
15
145
140 ] £
Q1.0
135
130
0.5
0.0

60 70 80 90
T (GeV)

100
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instanton *} £

profile 13 & 278 2.2

instanton

® trans["instanton"] & — 48 & 49 bounce AT %
# %/ — Y48 T il % XA meaningful instanton

® instanton.action fR A BK KAE Al = : S;
® instanton.profile]ID.R #k %2 & &£ 4%: r

® instanton.Phi #k & % % profile: ¢;(r)

instanton &KX R E

[ transition dictionary ]

[ trans["instanton"] ]

o

§ 3 v
. rofile1D
action P
~ R - RRE%ER r
BREC{EFRE S3 Phi — —HEREZLIR
| dPhi — RERSH#H
g v
5
Phi fRatio
BRTHWSE

%17 profile [¢,(r), ¢5(7),...]
P

=B profile B3 :

instanton.profile1D.R 4 r,
instanton.Phi 4215 ¢,(r).

06 Action/Profile




profile1D: —# 3% 42 profile

r 5 ¢ path(r)

from cosmoTransitions.tunneling1 D import SingleFieldInstanton
# B bubblefy ) &

# true vacuum / false vacuum
phi_true =low

« ¥ 3% SingleFieldInstanton A 4% (1) phi false — high
e profile1D.R — £2 1) 4R ¢ s s

. o s _ ARy 4 by — 4
 profile1D.Phi — — % # 2 2 47 ¢_path(r) f/ jlam}:dz;i?ﬁV(pli,ﬁ)
« profile1D.dPhi — & $ % do_path/dr I D

# finite-T O(3) bounce: alpha = 2
single_instanton = SingleFieldInstanton(
phi_true,
phi_false,
Vi,
dvl,
alpha=2
)

profile = single_instanton.findProfile()
S3 = single_instanton.findAction(profile)

r = profile.R
phi_path = profile.Phi
dphi_path = profile.dPhi

06 Action/Profile



% % profile: instanton.Phi

-/~ 89 #2 6] profile

import numpy as np
from cosmoTransitions import pathDeformation as pd
% profilede TR I — p
# EE—MRE, BlmsiaE
) ex v o1g 5N} J2 29 A\ T = trans["Tnuc"]
1+ H bubble profile, FHRIEFANFEZ @S h(r),s(r)
# BLZRE T 89 high / low phase VEV

-ﬁ- ’;\_}2%@ high_key = trans["high_phase"]

low_key = trans["low_phase"]

% it 5 Ihigh = m.p}:wases[ghighk_ke]y].vlil\tA(’%()T) ##tfalse vacuum
oW =m. ases|low_key|.va rue vacuum
d(r) = [$:(r),d2(r), 5 (r)...] P Y

#EERETHNEZHHEREHE
V = lambda X: m.Vtot(X, T, False)

ﬁ”;‘éki’f&%fé p(r) = ¢($(7’)) dV = lambda X: m.gradV(X, T)
# FHEE81E: M true vacuum % false vacuum
o dv path_pts = np.linspace(low, high, 30)
Hh —|— —.’E,: d—
r z # %1% tunneling + path deformation
d2é (dx\? inst = pd.fullTunneling(path_pts, V, dV)
T T # 12 B % 1% bubble profile
r = inst.profile1D.R
Phi = inst.Phi
£ 5 7 & P&

h_profile = Phi[;, 0]
s_profile = Phil[;, 1]

06 Action/Profile



% 72 18] tunneling path

M profile £|5% 42

% 3% tunneling path &9 A4 7 3
B 4% 2 L

« HxF &% Veff(h,s,Tn)

« &40 2 : inst.Phi = (h(r),s(r))
« MiEh: h, Wik
o B & AT 5. true vacuum, AP
o By & &L 5. false vacuum, (B INER

XA 3% 45
* Al meshgrid # = (h,s) M #&

« Al m.Vtot(X,T,False) + 5 %4
« plt.contour & % & 4,

* plt.plot(Phi[:,0], Phi[:,1]) & tunneling path

import numpy as np
import matplotlib.pyplot as plt

T = trans["Tnuc"]
inst = trans["instanton"]

Phi = inst.Phi

h_path = Phi[:, 0]
s path = Phil[:, 1]
#HFHREHE
h grld np.linspace(h_path.min()-20, h_path.max()+20, 120)

s_grid = np.linspace(s_path.min()-20, s_path.max()+20, 120)

H, S = np.meshgrid(h_grid, s grid)
X =np.stack([H, S], axis=-1)

V =m.Vtot(X, T, False)
plt.contour(H, S, V, levels=30)

# &/ tunneling path
plt.plot(h_path, s_path, "o-", label="tunneling path")

plt.scatter(h_path[0], s_path[0]
plt.scatter(h_path[-1], s path[-1

, marker="*", label="true vacuum")
], marker="s " , label="false vacuum")

plt.xlabel("h")
plt.ylabel("'s")
plt.legend()
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sanity checks

HRRETRE?

EEFEN &R checklist

CosmoTransitions £ R A fE E RERE

#% I CosmoTransitions Bt 49 5 % A4 &

trantype i e —BHEZERLA trantype = 1;
® trantype: - M]\/:—- ]%\ o (transition type) Ll TR /AESE B R EA meaningful instanton
fRatio % fRatio #i/\#liF, BENEZE/NT 1
. @ . SHRERENRER fRatio B\, :
® fRatio: % 35 a4 A dc sk e BT 10"
e Tn B2E0{E BMEIRE Tn, BT S;/T HIZT8, bounce RHEIMBHES,
g g & (nucleation T) file / action BEFB HRAEHERR
® EP /fiTn/f%‘/é:‘ ’ ;EZ: Kéi{é-/ﬁi %‘ ? L g RO %A CLION 2= aRAE 3
o Phase BB =¥ phase tracing &R ML BT MFREX D ZAEBERE, transition FIFK
(phase tracing) LR/ EXHDX SHEAR RN ES N
)= =4 8 =
® Phase £ AW T LR RS ? \ \ -
e Phase REHHESER 1848 branches 2 & 4N iE4E phase EEXRBA, T EEMHREL,
(branch splitting) P HEIR D HBHRAX

® Phase 2 & B A FAL R £ A 37
HEETIMEE 1D profile (ZMZIEFE:R) HEEEE (TRNEER) fRatio #% (E/\iLEF)

fRatio
true vacuum s true 7
vacuum

%3 false vacuum
R path : HZERENFBERE

true / false vacuum

107!
107
BEV(h s T): BRS5SBEEN false vacuum o
i 0 0 false h 107 4
WBEHERL: T./ T,/ phase &S vacuum ;
BIE—& [VETNES N 1 © TR, FEEBLIK @ RETEHABEE < 102

)

@ ®RE endpoints : profile 7 r — oo &b ()
(]

©

(]
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TEG T RALEARR

toy model example

Rl —A~ =l 4e 42 A 52 I, phase tracing, action #= . té(ly model
profile ® & % ¥ E, « ZERHAE: Te/Tn/S3/T/profile
* two-field extension



toy model #9 % &

— RN XA B

*%ﬂ%z‘ﬁ‘é def VO(
V(bng) = (67— + 2202 —")" — ubion

X = np.asanyarray(X)

BRA LK

1

P §m1/f02 , my = 120 GeV
1 >
)\2 = §m2/’U , My — 50 GeV
n =25, v2 = (246 GeV)> phil,phi2 = X[...,0], X[...,1]

P = * LU1x(phil*phil-v2)#%2 + .12%(phi2*phi2-v2)**
FR—= .mu2xphil*phi?2

return r

07 STEMIF



7 toy model 5 5% class

W RAD £ A

Boson_massSq approxZeroTMin

def approxZeroTMin( ):

def boson_massSq( , X, T):

X = np.array(X)

phil,phi2 = X[...,01, X[...,1]
V2%%

return [np.array([v,v]), np.array([v,-v])]

Lx(3%phil*phil - v2) forbidPhaseCrit
J12% (3%phi2*phi2 - v2)

*(a+h)
np.sqrt(.25%(a-h)xx2 + JMU2%%2)
= Y1x(philxphil+phi2%phi2) + .Y2%phil*phi2
np.array([A+B, A-B, mb])

def forbidPhaseCrit( XD

np.rollaxis(M, \ (M.shape))

dof = np.array([1, 1, )|

¢ = np.array([1.5, D)

return M, dof, c

return (np.array([XD)[... 5.0) .any()

07 58I F



phase tracing & X

S AEEEHIIE

Model.getPhases

0: Phase(key=0, X=[[295.6 406.4], .., [239.6 217.6]], T=O0, ..., 117.2], dXdT=[[-0 -0], ..., [-61.58 -342.1]],
1: Phase(key=1, X=[[234.3 -111.5], ..., [27.89 -21.21]], T=[77.62, ..., 222.7], dXdT=[[-3.071 -72.61], ..., [-26.52 20.13]],
2: Phase(key=2, X=[[0.1619 -0.1232], ..., [-1.14e-05 0.0002189]], T=[223.2, ..., 1000], dXdT=[[-1.975 1.502], ..., [0.001983 0.001025]]

A BEREERARAE—ANERRES
Minima as a function of temperature

500 4 ¢ = \/¢12 + ¢522

400 -

> BROETARA, TEZRAFAAAARL, FRMAL!

300 1

#(T)

200 A

1004

| BINESE, BAEHHARBORMER, FELLEE!

0 50 100 150 200 250 300

07 STEMIF



Tc 5 Tn BOXIEL

Nucleation is not critical

findAllTransitions

2 =1+

1—-0 —

E2EHE!

~{'Tnuc': 222.97792375905584, 'low_vev': array([ 0.16185995, -0.12317515]), 'high_vev': array([ 0.16185995, -0.12317515])),
'low phase': 1, 'high phase': 2, 'action': 0.0, 'instanton': None, 'trantype': 2,

'crit_trans': {'Tcrit': 222.97792375905584, 'low_vev': array([ 0.16185995, -0.12317515]), 'high vev': array([ 0.16185995, -0.12317515]),
~'low_phase': 1, 'high phase': 2, 'action': 0.0, 'instanton': None, 'trantype': 2, 'Delta rho': 0.0}, 'Delta_rho': 0.0, 'Delta_p': 0.0},

~{'low_vev': array([286.39824856, 382.1972747 ]), 'high _vev': array([ 231.10296147, -136.82260143]), "Tnuc': 84.23819902800427,

'low phase': 0, 'high phase’: 1

'crit_trans': {'Tcrit": 109.40840756814627, 'high vev': array([ 220.02184053, -150.01519068]), 'high _phase": 1,
low vev': array([263.48801219, 314.65396889]), 'low_phase': 0, 'trantype': 1}]

KRR AE!
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S3/T w4,

action extraction 9 /& 7 W

I FE W &

from cosmoTransitions import transitionFinder
start phase = phases[1]

outdict = {}
nuclCriterion = lambda S, T: S/ (T + 1e-100) - 140.0

args = (phases,start_phase,m.Vtot,m.gradV,1e-8,45.0,
nuclCriterion, {},False, outdict,)

for Tin T values:
transitionFinder. tunnelFromPhaseAtT(float(T), *args)
data = outdict[ float(T)]
S3 = float(data["action"])
S over T.append(S3 / float(T))

S3(T)T

Bounce action for the 1 - 0 transition

10° 3
104-E
103-é
102-é

101'5

| —e— ss(niT

[ T,=84.24
| —— T.=109.41

10° 3

~-= 53/T=140

80 85 90 95 100 105 110
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bubble profile

12 instanton ¥ ALk

from cosmoTransitions import pathDeformation as pd
import numpy as np

Bubble profiles at T, = 84.24, S3/T =140.00

@1 profile ¢, profile B A AR
T=Tn
255 A
150 - .
# true vacuum / bubble P &
low_vev = tr["low_vev"]
250 A 100 -
# false vacuum / bubble s}
50 - high_vev = tr["high_vev"]
_ 2451 .
= = # 453542 . LK low minimum 4§ & high minimum
- = 0 - path_pts = np.linspace(low_vev, high vev, 50)
240 A
50 - # fullTunneling & & B = & & T 4 V(X) #= dV(X)
V =lambda X: m.Vtot(X, T)
235 4 dV = lambda X: m.gradV(X, T)
—100 -
instanton = pd.full Tunneling(
230 T T T T T T T -150 T T T T T T T path—pts’
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30 Vv,
dv
r r >

verbose=True

)
Gauss type profile — thick wall!
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# % tunneling path

J& 77 CosmoTransitions 4§ &

. 1.0
Tunneling path
Tunneling path at 7, = 84.24 0.5
400 4 True vacuum —
* 5
~ 0.0
S
>
3001 =0.51 =095 — X=
A=08 —— A=
A=075 —— A=
=1.04 X=065 — A=
=055 —— A=
200 4 . .
- s N .- 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
2 =7 53 o ;
Bubble A <[ 5B & B A % ARIT o/
= }'é B3 ,]~$~ — =09
< %@E %i A /}t ! 10 — 3-08
100 4 — 3=0.7
— A=065
0.8 — A=10355
— X=045
— X=035
i = 0.6 — A=02
ol Tunneling path ) & 0 — 3A=015
/ © — X=005
l“_/ 0.41
—100+4 \I ,‘I [ 02
J :
| |
False vacuum / | 0.0
/ 0.0 2.5 50 75 10.0D 12.5 15.0 175 20.0

220 230 240 250 260 270 280 290 300 oM
$1
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PTagent: #87% 5 ATAAE 4T agent 1L

Y A CosmoTransitions TAE# 89 L E3FHE / ashiL &

I
AREE . TALGH
: U = EEE
B I e
Ptagent## &) 48 L 47 50 5 A7 . R
o WREE R

https://github.com/Contract-Mediated-Agent/PTagent/



SR(ESSIUER

—| BN BEXEEHD |

—{ prompt/igmial | BLLMMEMEEHA

L—[ context/ EFX }— prompthHESEEE

—{ memory/igle | BEMERMEAAcontext{ERHA

Langchain

Workflow

Agent/EEEE

EX: BFARHELLMEBHNNAEEFNREER, ER5

ERZSR: WTFENBENRE, REESUENIME, BRILUSAEEERDE,
ERPEEEEE, &@idELAORIASTIUES

(EABIEE SRR TLLMIERRE
BN EEAESEE, NBEREGIEES, NEMERARNINS, BRREEREE
[ Search/mm | [ web search/BmIEE | sHzmmERmEmE

BERNREBERINEEREF

[ RAG/R TR ] SMER M RIEE

B, {ERI{ERagentEftIhAERFAMEA

LLM5AgentAEREthThEEIZR S [ Function calling ] “E:

. AgentS5MERFTEIBRSBIE [ MCP (#E ET3XHY) ] HE: REOXE—#, SENEMEEITRYIE. BABARGIARS

EX: MNEskilEOSEREER, skill.mdpIREFHH

. FIEE RS RMAEEN (MMESESER) |
skill/52f ER—RIER, SIS MAASRMAES, FEANAEEOMN, BT

BRagentiEEREAskillYER

Subagent BFESBTLETNRS

CL/mErEn } iflow/codex/claude code

——

HaiERAgent BEERN

cursor/trae/antigravity

SmhF Openclaw/clawbox/moltbot



PTagent #9 & {%

AR KAZA) R AL Y
MAIEEE) Agent

— BRENZSERAR ——
Tl AR

REBBRERSEREN

LA / 25
L B AR OR 4 55 B A5

Function Calling
ARG RSN TRIAR

RAG / Memory
ERMBRIR, RF 52N

Planning / Workflow
EEHFR. RESSHNST

MCP / Tool Infra
FRUEETIA, AR5 ETX

4@,  Agent
VA s, MAIANRGTREES

EREXATRH (RRIERAR)
ReAct / Plan-and-Execute / Reflexion %8 #54:# i

=) b 1 LA A R AL
ML SAF B & RE SR A
. + WRRAXHEHFLITEAES 4 .
= {F,.l-'"“ N 3
@ y pe s if?%éfiﬁﬁ
> HFAFSHEER
2

o 7 (UFO/LHAR)
<> DN FRIENGZXH oo mes o neoe
{_ X } Les Houches / UFO / Contract zs :i;:;g

BLOCK MINPAR & GiA &8

1 1.000000E+02 # g1
(c L} ‘
@ as_ £HAR
”;};: « Bk (mass)

« #4 (couplings)

« A (input parameters)
'Q « 58 (spectrum) ¥

2 6.500000E-01 # g2

FRHALES
R HESBH W5 EEHE
FeynRules / MadGraph / SPheno / = CosmoTransitions /
SARAH / Sherpa / micrOMEGAs /| PhaseTracer /
LanHEP CalcHEP Q’ DarkSUSY % (5 BSMPT / DRalgo|

PTagent
ERR XM SRR IR TTES

@ mmmREATRIE IR -
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PTagent 5 CosmoTransitions 9 % %

B A 0 4 %,

Agent % WiARAL, RGN E A THEAEHC
AP R7AE

@ PTagent IEEEHEM2607 xxxxx S EHRBIEEL

+ © B v

Agentd¥ £ 12 &, M LR E] A P

P ARG, B 5RA A

*

PTagent system architecture

7

s,

Deterministic checkel
validate + smoke test

)

Input

g

<
fPTagem‘ skill

A

extract evidence

request + source
TeX / DRAIgo file / PDF /notes

fill contract
5 &

ask questions

editable, checkable, reproducible

A,

N
Reviewable model contract

J

3

N
\\ L]
(B

$

Human review
inspect / edit / approve

L. CosmnTransiﬂonJ

@ PhaseTracer \\
® DRAgp |

~
Backends

Comparison mode Results
=) trusted reference /
cross-software check
?

Vo Vir

.

agent calls tools to

compute phase-transition

\_ quantities J

[* AI-assisted workflow with human oversight *]

The agent proposes and automates; the physicist keeps control.

08 PTagent
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