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Chiral symmetry breaking

J Chiral symmetry: approximate symmetry of the light quark sector of
QCD

m, ~ 2.16 MeV, my =~ 4.67 MeV : m, =~ my

1 Chiral symmetry is broken dynamically and gives rise to:
the mass splitting observed in hadron spectrum
dressed quarks

) Gauge invariant propagator can be used to probe dynamical mass
generation
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Gauge invariant quark propagator
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Gauge invariant quark propagator

d*¢ i Tre
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) Hadronization of a quark into an

unobserved jet of particles
(fully inclusive) — X amplitude
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Gauge invariant quark propagator

=i; (k;w) = Disc / (554 et Ty Q[T Wi (o0, &w)ehi(&)] [T 1,;(0)W2(0, 003 w)]|2)

Accardi, Signori, 2020

1 Hadronization of a quark into an Z R
unobserved jet of particles x K
(fully inclusive)
. d* kg 1T
Zij(king) = DISC/ (27r§4 e <Q’¢z( )Y,

J Gauge invariant generalization of the

fully dressed quark propagator

Y
N
\/

Y




Gauge invariant quark propagator

) Can be given a convolution representation

Tr, ~ —~
=ii(k;w) = Disc/d4p]\1; (Q2]255; (p; v)W (k — p;w,v)|2)

where

iSi;(p,v e P T 4 (€)1, (0)

d4£ zf (k—p)
W (k — p; w,v) PIPW(0,&;w,v)



Gauge invariant quark propagator

) Can be given a convolution representation

Tr, ~ —~
=ii(k;w) = Disc/d4p]\1; (Q2]255; (p; v)W (k — p;w,v)|2)

J Decomposition of the quark bilinear operator (axial gauges)

e
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Gauge invariant quark propagator

) Can be given a convolution representation

Tr. .~ —~
=ii(k;w) = Disc/d‘lp]\l; (Q2]255; (p; v)W (k — p;w,v)|2)

J Decomposition of the quark bilinear operator (axial gauges)

Zgzg(pav) — §3(p27p U —I_ V P 81 7p (% sz —l_SO(anp' U)}éw
)

\ J \
| | |

. 4 2 A
(lightlike axial gauges) 53(p?) 51(p”) pfso(pQ)‘

A

§3(p2) 81(p2) §0(p2) : spectral operators i



SPectra\ re'presentation of the quark
propagato
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SPectra\ re'presentation of the quark
propagato
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Integrated g.i. quark propagator

) Boost quark at large light-cone momentum:

k= > |k, | > kT

Integrate out the suppressed
component of the quark 1

momentum: Jij(k™ k1ing) = 5 /dk+5z‘j(k;N+)

-

) Generalizes the perturbative quark propagator
that appears in inclusive and semi-inclusive DIS

WTMD(€+7€J_) — un_|_ [0_70+70J_;0_7OO+70J_]Z/{TLJ_ [O_voo+7OL;0_7OO+7€J_]Mn+ [O_,OO+,€J_;O_,€+,€L]

Wcoll(é-—i_) — Z/{n_|_ [0_7 O+7 OJ_7 0_7 ‘S—i_? OJ_]



Integrated g.i. quark propagator

) Expand in Dirac structures, in powers of 1/k~

1
J(k™ kiing) =5

a(k™)
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Integrated g.i. quark propagator

) Expand in Dirac structures, in powers of 1/k~

1
J(k™ k1ing) = Sk

a(k™)—
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Integrated g.i. quark propagator

) Expand in Dirac structures, in powers of 1/k~

1
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Integrated g.i. quark propagator

) Expand in Dirac structures, in powers of 1/k~
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Integrated g.i. quark propagator

) Expand in Dirac structures, in powers of 1/k~
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Integrated g.i. quark propagator

) Expand in Dirac structures, in powers of 1/k~
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Average mass of the
particles produces in the
hadronization process
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Integrated g.i. quark propagator

) Expand in Dirac structures, in powers of 1/k~

1 A
J(k™ k1inyg) = 504(/*?_)7+ t oz

\ w

Average mass of the
particles produces in the
hadronization process

30



J In any gauge:
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J In any gauge:
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J In any gauge:




J In any gauge:

34



Sum rules

J In any gauge:

1=/ dp” p3(p?)
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0=/ dp” p* po(p*)
0

) Can be used to verify actual calculations of the
quark propagator!
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J In any gauge:

1 Calculable, should you you
know the chiral odd quark spectral

function (in progress)

N\

M; = [ dp® \/p? p1(p*)

generalization of the
gauge dependent dressed quark mass
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J In any gauge:

M; = [ dp* v/p? p1(p°)

N

Gauge invariant generalization of the
gauge dependent dressed quark mass

Quark Polarization

Un-Polarized Longitudinally Polarized Transversely Polarized

(V) (L) (M)

Lo . G
fi= hi=(0)-() Ex!oerlmentally accessible in
Unpolarized Boer-Muiders spin assymetry measurements!
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J In any gauge:

M; = [ dp* v/p? p1(p°)

Gauge invariant generalization of the
Quark Polarization gauge dependent dressed quark mass

Un-Polarized Longitudinally Polarized Transversely Polarized

(V) (L) (T)

Dy = () o =(H-O Experimentally accessible in
Jnpolarized cotine spin assymetry measurements!
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J In light-cone gauge:

> 1
—_ 2 2 C
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Final state interactions ”vanish”

(p?)
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J In light-cone gauge:
0

sz - “? +Tj2

1 But in other gauges
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J In light-cone gauge:

0

D Butin other gauges Final state interactions ”vanish”
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Summary

J Completed the analysis of the gauge invariant quark propagator
1 Full calculation of the twist-4 coefficient
) Formal demonstration of the gauge invariance of the twist-2, twist-3 and twist-4

coefficients of the g.i. quark propagator/jet correlator
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Summary

» Non-vanishing even in the chiral limit (dynamically generated mass)
» It’s calculable, but moreover.. It can be measured!

» Provides a direct way to probe dynamical chiral symmetry breaking

» New perspectives to study hadronization effects involving different

observables.

Snowmass 2021 White Paper
Upgrading SuperKEKB with a Polarized Electron Beam:
Discovery Potential and Proposed Implementation
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Thank you!



