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COLEMAN—WEINBERG (CW) AND MINIMAL SUBTRACTION (MS) SCHEMES
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o ~ o
L=1In (—2) for CW scheme L = ln( — ) for MS scheme
M Iz
RENORMALIZATION GROUP FUNCTIONS
ne loop lBone loop [ 1 ]
EFFECTIVE POTENTIAL F. A. Chishtie, et al.
PRD 83 (2011)
oneloop _ ¢7one loop ,
V;ff(CW) — 7 eff(MS) 2]

THESE RELATIONS ARE MORE COMPLICATED WHEN HIGHER LOOPS ARE CONSIDERED.

WE NEED TO USE MULTISCALE METHODS.
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RENORMALIZATION GROUP EQUATION (RGE) AND DYNAMICAL SYMMETRY

BREAKING (DSR)
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RENORMALIZATION GROUP EQUATION (RGE) AND DYNAMICAL SYMMETRY
BREAKING (DSR)

THE RENORMALIZATION GROUP FUNCTIONS ARE USUALLY CALCULATED IN THE MS ECHEME AND THEY SHOULD BE
ADAPTED TO THE CW SCHEME,
2
- qu
21
BOTH SCHEMES CAN BE RELATED BY A REDEFINITION OF THE MASS SCALE v,

C.Fordand D.R. T. 2 2
Jones PLB 274 (1992) pyrs = f(@)pwow [ ! ]

THE BETA FUNCTIONS IN BOTH SCHEMES .
Bew = Bus (1 - %IBMSaa: In f) &3
IN FOUR SPACETIME DIMENSIONS, DIVERGENCES USUALLY START AT ONE LOOP,
Bew = (5(2) + B + - ) (1+ O(z))
= Bars + O(c°) (=)
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RENORMALIZATION GROUP EQUATION (RGE) AND DYNAMICAL SYMMETRY
BREAKING (DSR)

IN THE MS AND CW SCHEMES, THE EFFECTIVE POTENTIAL WOULD BE CALCULATED AT ONE LOOP LEVEL IN THE FORMS

Virs = ¢'(A(2) + B(a)L) 0

Vow = $(A(e) + B(a)L) 0

FROM E:ln[;jz] AND Ezln[#—z] =) Z=£+ln[§] :16:
Vis = ¢ [(A(w) + In %B(w)) + B(w)ﬁ] (7]

AT THE TWO LOOP LEVEL, THE RGE CAN BE USED TO RELATE RENORMALIZATION GROUP FUNCTIONS AND THE EFFECTIVE
POTENTIAL IN THE CW AND THE MS SCHEME, BUT NOT INTERCHANGEABLY.
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MassLEss ABELIAN HicGS MODEL

THE RENORMALIZED LAGRANGIAN OF THE MASSLESS AH MODEL
2
/ 2 ~€ 2
L' = Zy| D¢l + Zg i (16) +
W—’

RENORMALIZED COUPLING CONSTANTS AS
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4

a=e’=eifi °Zy
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IN THE MS SCHEME, THE BETA AND GAMMA FUNCTIONS OF THE MODEL ARE

3 _ 20 20 2@
Bu=PBo +B. + B +Bs
33) | 24

Bernhard lhrig, et al. 'Bﬁ — ,35 + ,3,5 + ﬂg + '3£

PRB 100 (2019) _0) _5)
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RENORMALIZATION GROUP FUNCTION IN THE CW SCHEME

_ o2 k= A2y
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Ly=In (g%) RELATION BETWEEN MS
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MS SCHEME
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ORDER 2@ 20 @
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THE EFFECTIVE POTENTIAL AND DYNAMICAL SYMMETRY BREAKING

1
WE CONSIDER A SHIFT IN THE N=TH COMPONENT OF @y = ¢% + 0 [ 22 ] m) V) = ZAa“ [ 23 ]
——
1
, = E(qﬁm +idan) CLASSICAL LEVEL

SPONTANEOUS SYMMETRY BREAKING AND THE CORRESPONDING
GENERATION OF MASS AS

3
2 2
my = E)\G
1
2 2 2
Mg,y = SAT° — Emy [ ]
"2 - A 0, 8) = A = 1y [ 26 ]
2 2 2 4
mA = —€ 0’

2

FIXED BY THE C\W/ CONDITION
WE SHALL USE THE ANSATZ

Vett(0a) = 0'4‘Seff(0', A€, L) [ 25 ]

= A()‘a a, 6) + B(’\7 a, g)L + C(Aa a, £)L2 + D(/\a a, f)L3 +oeee

THE RGE FOR OUR MODEL IS

[2(—1 + 74)0L + BrOx + BaOa + Beds + 4v5)Sest (03 A, 0, &, L) = 0 (2]
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THE EFFECTIVE POTENTIAL AND DYNAMICAL SYMMETRY BREAKING

SEPARATING THE RESULTING EXPRESSION BY ORDERS OF L, WE OBTAIN A SERIES OF EQUATIONS,

2(—=1+74)B(A, 0, ) + Ba0rA(A, 0, §) + 414N 0,§) =0

2(—1 +94)C(A, @, &) + {BrOx + BaOs + BeO; + 475} B(A, a,§) = 0
2(=1 4+ 75) DA, 0, &) + {Br0 + BaOx + BeOr + 475 }C (N, 0, €) =0

EXPANDED FORM

_2(@ B® 4+ BO 4 . ) + 2(7;” P ) + B® 4+ BO® 4 )

+ (B0 + 8D + .. ) oA 4 (4 + 4 + ... ] AW =0

WE CAN FIND

B® — %(6042 + 20 + (IV + 4)22).

B®) = b1aXé + bya® + by’ A + baaX® + bsA° + beatA !
BY — b70l3§ + b8a4 + bga)\2§ + b10a3)\ + b110£2)\§ + blzaz)\z + b13a)\3 + b14A4 [ - ]

+ b15a® A7 + bygaSA 2

B® = b1 X3a + bigh30® + bigA2a® + bygA2a + by Aa2€? + bapda? + basAae
=+ b24a5 + b25a4€ =+ bzﬁa)\4 =+ b27)\5 -1 b28a5£)\_1 == b29a6}\_1 == b30a7}\_2 =+ b31048}\_3.
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THE EFFECTIVE POTENTIAL AND DYNAMICAL SYMMETRY BREAKING

THE EFFECTIVE POTENTIAL UP TO FIVE LOOPS WHICH WAS CALCULATED USING THE RENORMALIZATION GROUP

EQUATION
5¢
Vo) = o

5 5 5
AW L Y"BWL+Y c™WL? 4+ DML +p
n=2

n=3 n=4

=)
THE CONSTANT P IS FIXED USING THE CW NORMALIZATION CONDITION,
d* 4!
=7 [ 32 ]

do*
THE EFFECTIVE POTENTIAL HAS A MINIMUM AT O = 1 MEANS IMPOSING THAT

(+)

o=/

Vett,r(0)

o=p

d

= Vett.r(0)

WHICH CAN BE USED TO DETERMINE THE VALUE OF A AS A FUNCTION OF FREE PARAMETERS Q, § AND N.

WE LOOK FOR REAL AND POSITIVE VALUES FOR A, AND CORRESPOND TO A MINIMUM OF THE POTENTIAL. LE.,

d2

F V;ff,R (0' )

>0 [ 34 ]
o=p
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THE EFFECTIVE POTENTIAL AND DYNAMICAL SYMMETRY BREAKING
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Figure 1. In the left hand side we show a region plot

0001 0002 0003 0004 0005 °

corresponding to the result of

scanning for DSB for different values of the free parameters e? and N, with £ = 1. In
our model we find three regions: in the yellow region we have three possible solutions
for A, in the brown one we have only one solution and in the blue region we do not
have solution for A, meaning DSB is not operational. In the right hand side, we show a
set of plots explicitly showing the behavior of the solutions for A as a function of the e?
parameter, for specific values of N = 1, 20, 100 and = 1.
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Figure 2. This graph of Veff (o) vs. 02 /u? shows the potential minimum for
the gauge parameter, § = 1. The effective potential was evaluated using
e2=0.001, N = 20 and the values of |\.| The red rectangle in the bottom-left
graph is shown in a different scale in the top-right one.

A1 = 0.003553, A2 = 0.00003590, A3 = 0.00001210
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