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Lorentz invariance relations (LIRs)

Lorentz invariance relations (LIRs) connect the twist-2 and twist-3 parton distribution functions
(PDFs) and weighted moments of transverse momentum dependent (TMD) correlation functions

Some examples for LIRs
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Derivation of LIRs

—

The quark correlator
written in a Lorentz —
invariant form
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M: Hadron mass
a; = a](kz,kP)

k: Parton momentum

P, S: Hadron momentum, spin

Tr(I'®) =

J dtee S (PS[p(0)Iy(8)|PS)
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O (2, kr) = / dl:~ Tr[T D],

Projections —
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T) = % / d’kr / dk~Tr[T®].
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Derivation of LIRs

Example gr(z) = g1(x) + ng
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Provided that the integrals are convergent:

gr(x) = (x) + gD (w)
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Violation of LIRs

K. Goeke, A. Metz, P. Pobylitsa, and M. Polyakov, Phys. Lett. B 567, 27 (2003), hep-ph/0302028.

d Inclusion of Wilson lines Accardi, A. Bacchetta, W. Melnitchouk, and M. Schlegel, JHEP 11, 093 (2009), 0907.2942.

| No Wilson lines | With Wilson lines
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_ d _ d .
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LIR x z

L UV divergent integrals Aslan, Gamberg, Rogers, in prep.

2 k2 2 2k= Pt — xM? d k2
/dszdk_ (CL4W — as MT5> = /dszdk_ |:CL4W + (CL7 — ZBCLS) M5 } +% /dszdk‘_ﬁjg(Cw — a:ag)
gr(2) g1 () R

» Taking the transverse integrals using a fixed cut off

> Using MS renormalization scheme for the PDFs
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Violation of LIRs: Treatment of the UV divergent integrals

1- Using a cut off for the UV divergent integrals

Fixed transverse cutoff: u

k2
/dsz/dk a4M3 as 775

) /Odsz/dk [M%Jr( 7 — zag)
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X-dependent transverse cutoff: k% =

g1(x) (1)
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k2 k7

2 %P+ — zM21  d o2 ?
—/Odsz/dk_ [“4W + (a7 — zag) ] ——/d2kT/dk_—T(a7—xa8) 20

M5
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Violation of LIRs: Treatment of the UV divergent integrals

1- Using a cut off for the UV divergent integrals

Transverse cut off ||| LIR ‘ DGLAP
d 1+
gr(z) — g1(z) —— g7 "= —w% = LIR i violated
. N—_— N—— T -~
leed X ‘ / Fixed Fixed Fixed
cut—off cut—off cut—off
gr(z) g1(x) d g(l) =0 - LIRis satisfied
T - 1 T -
x-dependent v ‘ X N N de ZL
r—dependent r—dependent r—dependent
cut—off cut—off cut—off

Assuming that DGLAP equations hold for all collinear functions, the divergent integrals over kr are defined by
implementing a fixed cutoff on the large transverse momentum, which is independent of the momentum fraction
x. Such cutoffs result in a violation of LIRs even in the limit that the cut off is taken to infinity.
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Violation of LIRs: Treatment of the UV divergent integrals

2- Using MS renormalization scheme for the PDFs

Distributions || Transverse integrals

_ d 1 p—00
Collinear PDF's MS qgr (I) — a1 (33) —— 9512 = TX ln(l — az)
N—— =~ dx N~
M—S M—S w—detp_enjc?i;nt
TMD PDFs Cut off

John C. Collins, What exactly is a parton density? (2003)
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Violation of LIRs in a renormalizable theory: Scalar Yukawa model
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Violation of LIRs in a renormalizable theory: Scalar Yukawa model
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Another source of violation: The zero modes in twist-3 distributions
Twist-2 pdfs Twist-3 pdfs

EREES P,

Twist-2 PDF | Is there a 8(x) in Twist-3 PDF | Is there a 8(x) in
Yukawa model? Yukawa model?
f1 No e Yes

g1 No h. Yes
h1 No gr Yes
d )
gr(z) = g1(z) +d_ 917 ()
m m L N—— Aslan, Burkardt,
wist— wist— twist—2 . ce .
pdf pdf w;i p Singularities in Twist-3 Quark

Distributions, 2018
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Summary and Conclusion

L The LIRs are valid when the transverse integrals are convergent.

L Treatment of UV divergent integrals leads to violation of LIRs in two ways:

» Taking the transverse integrals using a fixed cut off

d (1) pooo (14 =)

gr(z) = g1(@) —— gip = ST
N—— N—— €T ~— 2
Fixed Fixed Fixed

cut—off cut—off cut—off

Distributions

Transverse integrals | . _— . .
» Using MS renormalization scheme for the PDFs

Collinear PDFs MS d (1 H—>00
| gr(z) — g1() iz ng), = 7mzln(l — x)
N N~ X ~—~—
TMD PDFs Cut off | MS MS T dependent

> In scalar Yukawa model the violation of LIRs increase
with increasing energies
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Outlook

» Studying the treatments which lead to the violation of LIRs in QCD

» EoM relations potentially have the same problems:
Checking how the treatment of UV divergent integrals hi(z) = hy(z) — ghll]_fl) 4+ ﬂgl(x)
affect the EoM relations r Mz

(1) m

B 1
gr(z) = gr(z) + ~oir M—xhl(x)

» Considering which UV treatment is optimal, given the problems that arise when using standard
renormalization treatments

THANK YOU
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