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Three concepts of gauge boson mass
Stanistaw D. Glazek
Institute of Theoretical Physics, Faculty of Physics, Uniwversity of Warsaw
Three different concepts of gauge boson mass appear in the front form
of relativistic dynamics of field quanta. Identification of these concepts
is presented on examples rooted in the standard model: massive QED,

running gluon mass in QCD, and quark binding in mesons and baryons.
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Enumeration of mass concepts:

1. Lagrangian formal field theory - massive QED);
2. Hamiltonian renormalization - gluon mass running;
3. Solution quark binding in mesons and baryons,

hopefully helps in answering: Which type do I consider?
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1. Massive Abelian gauge field T. Kibble, D. Soper
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Choice of field variables ¢ = ¢ ¢97/\/2

Gauge symmetry in terms of ¢, A", ¢ and ¢
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Gauge choice f = —6
p=e) A=A-0" o=¢ 0=0+0
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massive limit

p=p=v+h v =2 p/X — o0 A—0  ¢v=k constant
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Massive limit

1~ ~,., 1 o=
1 1 2
~(0"h): — = (V2 )R> —

current upper limit on the photon mass, or &, is 1071% eV/c? [PDG]
no earthly data on h

astrophysical data stimulate searches for the DM and DE
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Gauge choice AT =0 Dirac’s front form, IMF < CMS, vacuum
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Massive limit in gauge A™ =0
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Field equations
(0 — gA,) 7 = m] =0
0A? — 9°9,A% = gy — k? (AP — k107 B)
K2 0, (A" — k10" B) = 0
(O +2u%)h =0
the front form  2* =2"+2% 0t =2.% ol =(2',2?)
constraint on A~

—9T9, A = —9F (%a% — a%i) = gy + kDT B
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Three polarizations return to gauge B = 0
Ar = At — 71oMB

massive limit with fermion charge g = 0 (free fields)
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FF Hamiltonian gauge A" =0 At and B
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Massive gauge boson: third polarization plus scalar h  SINGULAR H
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2. Gluon mass term in Hgcp (long story made very short)
Wilsonian RG insufficient for Hamiltonians, Wegner’s equation etc.
— renormalization group procedure for effective particles (RGPEP)
lowest-order solution (2nd) for the gluon mass term p?

u? is a function of the gluon size s t = s

H=H;+Hr
d .
a = Uagd)  — M = [[Hy, H] ]

initial condition at ¢ = 0 is the FF canonical Hgcp with counterterms
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Initial condition = FF Hamiltonian for point-like gluons
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quantum theory
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Regularization setin H=H;+H;att=0

1 .
He = éfdxdzaf c H 42(A)
1 . . .
H[ = éfdxdzxL . HA?)(A) -+ HA4<A) + H[@AA]Q(A) .
every a' and a in every term of #H; is given a factor ras(kt, 1)
k = gluon momentum p = total momentum in the term

$:k+/p+ /{J_:kj__xpj_
for example  7as(k*, 2) = 2°0(x — E)e—(ﬁL/A)Q/Sc
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Calculation of the effective gluon mass term s < 1/Agep

kJ_Q

Hf o Z/ k+ akacak’ac

Hy=g(Y + YD+ @*H, + O(8)

Y = Z/ [123] 0123 Y123 a1a2a3 Y =Y Y123 — p§2y123
123
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d

expand %H = [[Hf,f}:[],%} in powers of g
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solution up to 2nd order in powers f ¢

d N
= [[Hy, H], 1]

d d

It J[ It 2 2

dtg(Y+Y)+ dtg %M+O(9 )

= [[Hy. g(Y + Y1)+ O(g"), My + g(Y + Y1) + g*H, + O(g?)]
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first order term

d L
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ﬁym = —Milz Y123

M5 is the invariant mass of two intermediate massless gluons
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the initial condition from canonical Hoep

1 1
. peicoc * _* * X « N
Yiazo = 1f (5162 L E3K — El€3 - E3i—— — €33 - ETK——
L2/3 T1/3

stglazek@fuw.edu.pl



Talk at ECT*, Trento, Italy, September 19, 2018
second order term - gluon mass squared

d
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This is negative - when the gluon size s grows, the gluon mass decreases.
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including quarks

MGy = £7/[x(1 = 2)] and Mgy, = (r° + my) /[(1 — )]

9 q
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the gluon part is divergent due to small x singularity

FF vacuum, recall ¢ = v + h and kK = ¢'v

2

the quark part is finite no matter how large is m;

u? decreases when t increases because of the RGPEP factor
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3. Gluon mass in solving QCD

SDG, M. Gémez-Rocha, J. More, K. Serafin, Phys. Lett. B 773, 172 (2017)
K. Serafin, M. Gémez-Rocha, J. More, SDG, arXiv:1805.03436

Kamil Serafin, Thursday 16:30

QCD of one heavy flavor of quarks
_ 1
L =Yil) —m)p — itrF“ F
RGPEP yields H; order by order in powers of g

m> s> AQCD

Hy = Hy+g:Hn+ giHp + ...

solution for H; up to 2nd order
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Bound-state eigenvalue problem
H:|V) = E|V)
(W) = [M) or |¥) = [B)
) = |QiQr) + |QiQ: Gr) + |Q:Q:2Gy) + ...
) = 13Q1) +13Q: Gy) + |3Q:1 2G1) + . ..
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Mesons:
. Hyog+ g*Hys gHn |Qt@t Gy | = Ly ’Qt@t G)
gHy Hyo+ g*Hy 1Q:Q1) Q:Q1)
Baryons:
. Hyo+ g°Hp gHp 3Q:Gy) | = Lp 13Q: Gy)
gHu Hyo+ g*Hp 13Q:) 13Q:)
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Gluon mass and QQ and 3(Q eigenvalue problems
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gHy Hyo+ g*Hypo 13Q:) 13Q:)
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(I|Hege|r) = (1| [Hu + g*Hyo
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In heavy-quark QCD, the assumption of a gluon mass
leads to a harmonic oscillator potential among quarks
in quarkonia and baryons, with frequencies that

do not depend on the assumed value of the gluon mass.
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Of which type is your gauge boson mass ?
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