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Outline

@ Energy-momentum tensor and mass
© Standard mass renormalization
© Mass matrix element of EMT trace

@ What is the connection between two sets of diagrams?
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EMT and mass

Matrix elements of EMT

o Translational invariance: (p'| T*(x)|p) = e/(P"=P)*(p/| T*(0)|p)
— [ (P | T()|p) = (27)%6(p — p)(p'| T(0) )

H = [ d3xT%(x) — Hamiltonian

Covariant normalization: (p'|p) = 2E,(27)36C)(p — p')

o [ (P | T()|p) = 2E2(27)% ) (p — p)

= (p|T®(0)|p) = 2E;

Lorentz invariance: (p| T*/(0)|p) = 2p*p”, (p|T*.(0)|p) = 2m?

(]

Rest frame & nonrelativistic normalization (p’|p) = (27)36C)(p — p')
o = (0|7%,(0)|0) =m,  (0]T%(0)|0) = m

L. 2
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EMT trace anomaly

o T4 = [TH]g — symmetric & conserved EMT tensor, it is not
renormalized

@ EMT trace in gauge theories (QED, QCD, etc.) is anomalous

T8, = (1+ m(e0))omotio + E2F2 = (1 + ym(e)) [Pmi]p + £
e QED: B(e)/2e = a/6m, Ym(e) = 3a/27

2[F?x

Reminder: standard mass renormalization
@ Renormalized perturbation theory, dimensional regularization
(d=4—¢)
1 = e -
L= =7 F2 4+ (i — m)y — piedpe,
1 - . -
OL = —20Z3F? + (i6 220 — Om)) — p2 021 AV,

L+6L= —%23# + 2oy — mZyinp — eZyp2 P
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Reminder: standard mass renormalization
1 _ .
Lo=L+0L= _ZFO2 + ho(id — mo)1bo — eothoAotho
@ Renormalization constants

Z1=1402y, Zo=1+4+62, Zz3=1+0Z
mZpy = m(1+02Zpn) =m+08m, mo=mZnZy*
5m:m—m0:m—mZmZ{1

@ One-loop counterterms
sm® =méZy — 6 = L(m) = iim[f—7+ln(47r)—|—ln g]

0L =Y (p=m)=—73- [6 v+ In(47) + In 2—|—2In 2—}—4}

o One-loop mass renormalization dm(?) = ¥ (m)

m m *;»—-J m

X(m)

= = = =
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Mass matrix element of EMT trace
e T =(0/T#,(0)|0) should be equal mass

o TH,=(1+ Ym(€0))Pomotho + 2 eO)FO EMT trace

° ﬂz(zg)FOZ does not contribute to the matrix element in one-loop
approximation

@ One-loop approximation:
~ (0[(1 + vm)(m — 6m )ho1bo|0)
=m+méZy —5m? + myp, + [ m(m)

@ I,,(m) — one-loop diagram for the scalar vertex min)

[on(m) = &m {7—4'y+2|n +4In 2 +2+4|n(4ﬂ')}

@ —> T = m by direct calculation
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What is the connection between two sets of diagrams?

@ Observation from two analytic expressions for mass
Y(m)=Tn(m)+ méZy + ymm
@ Why this relationship holds?

@ Equivalent question: Why two different sets of diagrams coincide?

*uﬂ\;b;*: A\N.\/L@+ x b e

E=(m) L (m) moZs YmMM

Self-energy and scalar vertex
@ Taylor series:

T(p) =T(p=m)+(p—m)T'(p=m)+O((p — m)?)

— 5m®) 4+ (p— m)3Zy + O((p — m)?)
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Self-energy and scalar vertex
o Differentiate with respect to m at p=m —

dx(p) dx(p = m)

m———"—= =m——-"——= —m¥'(p

dm |p=m dm

o i (75) = pmmpts = MG = Tnle)

m{]’fn(i& ) &

S(p) L(p)

@ Then
dx(p) _ dx(p=m) I —
dm |P:m =m dm — mz (P - m)
dX(p=
= m(m)+mézZ =m (fm m)
" ( Z(m) ) L(m) ’ moZs
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Self-energy and mass anomalous dimension

i = @
@ Another perspective on md(z(fm ) md(iin; )7

e But sm®® = m— mg~ —mdZy, + mdZ,

e (6d,:,n 2) 5m(2)+m( déZm +md522)

=om® +m (,ud‘sdi”’ — ,u%) om@ + Ky (m5Z — mdZs)

@)
—sm@ — Mid{;z

@ @
— maOmD) — 5m@) — pam— — 5m® — y,m

Sy S,

X(m) X(m)

m [’ < i
am

o It worked because functionally dm(® = mf(m/p)
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Self-energy and EMT matrix element

@ Graphically we have shown

’”W<Z ) = i -

X(m) X(m) Y

mff(f&) - & L

am ;
; I'(m
X(m) (m) mé 7

@ and

@ Combing two graphic relationships we obtain

! Z=(m) ! Ly (m) moZo

@ or analytically
Y(m) =Tm(m)+ méZy + ymm
@ This explains how it happens that (0| 7#,(0)|0) = m
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@ We expect similar relationships to hold beyond one-loop and thus
justify the equality of the standard mass renormalization and the
matrix element of the EMT trace
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@ We expect similar relationships to hold beyond one-loop and thus
justify the equality of the standard mass renormalization and the
matrix element of the EMT trace

Thank you!
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