Dressed quark mass function from a
one-gluon exchange and linear confining
interaction
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OCD and the problem with quark masses

quark | m (MeV)
u ~ 2-3
d ~ 4-6
C ~ 100
S ~1300
1 ~ 4200
b ~ 175200

Proton: uud (Mp= 938 MeV/c*2)
Neutron: ddu ( Mn= 940 MeV/c"2)
Constituent quark mass: m + 300 MeV
Problems:

e The light quark “running” mass. Where
does ~98% of the quark mass come
from?

e Cannot isolate a single quark. What is

(Z\QQQQQQQ}CI W the origin of confinement?
- —_— - —_—




Dyson-Schwinger equation and dressed quark propagator

i ' \' _ .

—0—1 — —1 =& o—O— .S(p) = SO(p) b zZ(p)

. g # (dressed quark propagator)
>34 (p / dq/ dzv1 — 22FA(p?, 4%, 2) oS(p) = 1 i(M(p*)+ p)

P A 2 — M(p)? + e
_ 2 2
SI( / dq/ AoV = 2 Fy (2, ¢, 2) = 0,(p°)+ pou(p”)
Where: (full quark propagator)
RAE (;;)4q30v(q2)g(k2)F(p2, ) oX(p) = Xalp®)+ PEum(p?)

AT (quark self energy)

= Fur = it o.(q°)g(k?)

It will be solved by iteration!




Regularization and renormalization

How to remove divergences in the diagrams? — Regularization and renormalization!

> Regularization (isolate divergences): ] Renormalization (remove divergences):

e Hard momentum cut-off: , ,
For an arbitrary renorm. point S(p2=p?):

/d4q —>/d4q A(p?=p?)=1; M(p2=p?)=m
A
e Pauli-Villars Leads to: | ,
Introduces a scale A(p) AP?) = Zo +Sa4(p2) =1 =22 = 1 = X pu”)
Where my = Z,,m depends on cutoff: 7.7 y 2
Z ZAZ)—M(AQ) M(p?) = = m77131+2 ) Loy
-2k e
malA) = Zo(i2, A2)m, NP
= M(A?) = M, 1 — X4 (p?)




Maris-Tandy interaction

g(k?)

On the DSE we have the coupling term g(k®) as:
167 a(k?)
k’2 _ Z2
g( ) 2 3 kQ
The alpha for the Maris-Tandy interaction:

a(k?) = arg + ayy

— QR = 7r777:1326_’7x2

27y (1 — e7F/A%)
Infe2 — 1+ (1+ kQ/AéCD)]
Accounts for chiral symmetry breaking and
confinement!

— Ay =



Code implementation

M(p?) and A(p?) will be solved by solving iteratively ZM(pQ)and ZA(pQ). Taking p=19GeV,
A=1000GeV, ™M ;,=0.004GeV,

2> Othiteration: Z\” = 1GeV, M\” = 1GeV, MO (p?) =1, AQ(p?) = 1
=> st iteration:

& Calculate 2\ (p )and »4 )(

& Calculate Z{V (1?), M(l)( 2, MWD (p?), AV (p?)

¢ Calculate o 1) and ! as:
1 1

AW (p?) p? + [M D) (p?)]?
— oV (p*) = oV M (p?)

- 2nd iteration: calculate with ©{? (p*)and £ (p?) values with o(Vand o(V. Repeat process!
-> 3rd, 4rd, 5th,.... iteration and so on: do as before!

— o (p*) =




M(p?) and A(p?) function results
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M(p?) and A(p?) function results (for different ) values)
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M(p?) on Chiral limit and chiral quark condensate
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Chiral quark condensate defined as:

< qq >=< 0]qq|0 >

If < gq > 0 we have spontaneous chiral symmetry
breaking.

We obtained the following results:

n=1.6

n=1.8

n=2

— < qq >

(0.2152 GeV)?

(0.2163GeV)®

(0.2171GeV)?

1
0.05 0.10




OGE + linear confining interaction used in CST

\k g(kz) We get the kernel on Landau gauge:
M\
N
el S 1 Y kK,
I /() =~ 22 @ A" @ IVec(R) + Valk) + VoRllgw — 5]
The non- relat|V|st|c potentlaI(CorneII potential): Putting it into the DSE we get the interaction term
V(r Z Ao ® Ag][or — = + (] g(k?):
Introducing screenlng on the confinement
term: 167 . 1 (27r)
2\ _ 2 tONCs 4 435
o g(k*) = Z;3 3 [kZ +20[(k:2 oy ; 0% (k)] — 4m>Co* (k)]

Vielr) = =Z(e 7 = 1)




Final Remarks and Conclusion

e We focused on key points of non-perturbative QCD

e Obtained as predicted the M(p2) and A(p?) for different parameter
in the Maris-Tandy interaction.

e Calculated the chiral quark condensates

e Next: we want to use a one-gluon exchange + linear confinement
kernel to obtain a mass function to be used in meson CST
calculations.



Thank you!

astronomers and cosmologists

particle and
nuclear physicists
space doesn't actually Noooo space is we literally have no idea what
look like galaxy-themed beautiful nooooooooo itlookslike, here's an ugly sweet

iPhone wallpapers diagram in comic sans
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