2D Densities of the EMT in a Quark Model

Kemal Tezgin

Brookhaven National Lab

kemaltezgin@gmail.com

In collaboration with: C. Lorcé and P. Schweitzer

DIS 2021

April 15, 2021

Kemal Tezgin (BNL) 2D Densities April 15, 2021 1/16



EMT form factors of the nucleon
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where P = %(p/ + p), A= p/ —pandt= A? [Kobzarev & Okun 1962, Pagels 1966]
@ EMT is conserved: 9,7 =0 T,, =3, 7A'/j’,/ (a = q, g all constituents)
@ > & (t)=0

@ constraints: mass < A(0) =1
spin < J(0) = 3
D-term < D(0)=D

quarks + gluons carry 100 % of nucleon momentum

=
<= quarks + gluons carry 100 % of nucleon spin
—

unconstrained! experimentally determined
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Bag model

@ Lagrangian £ = Lg + Lsyr + L¢

Proton

ﬁQ:Z{@Zq (_;.(54‘;5_’")1%}@% ‘ .
q C

1 _
Lourr =5 quwwn“aﬂev, Lo =-BOy

@ L not really gluons, but
(i) “non-fermionic degree of freedom”,
(i) crucial for formation of bound states — “mimics” gluons of QCD

@ Equations of motion of the system:
(i —m)pg =10 for r<R (free quarks),
iff g =g for F€S (linear b.c.) = nj* = by =0
1 -
~5 Zn,ﬁ”wqwq =B for reS (non-linear b.c.) =0, T =0
q
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Large-N. expansion

@ The only known expansion parameter valid at all energies in QCD is 1/N,
obtained by generalizing the color gauge group SU(3) — SU(N,)

['t Hooft G. Nucl. Phys. B 72 (1974)]

@ In this picture, baryons appear as solitons of mesonic fields

[Witten E. Nucl. Phys. B 160 (1979)]

@ In large-N, limit, the nucleon mass scales with N, while retaining a stable
size
My~ N. R~ N°

A°~ N7 and |A~ NC
PO~ N, |P|~N, —t~ NO
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Large-N. expansion

Large-N, behaviour of the isoscalar (u+d) flavor combinations of the quark
EMT form factors: [K. Goeke, M. Polyakov, M. Vanderhaeghen, Prog.Part.Nucl.Phys. 47 (2001)]

A(t) = O(NZ), J(t) = O(Ng), D*(t) = O(NZ), €*(t) = O(NY)

The isovector (u — d) flavor combinations have different N, scalings:

ATI(t) = O(NZY), J(t) = O(Ne), D*(t) = O(Ne), €(t) = O(N: 1)

Use the symmetric quark EMT

1— — < — —
Ti = 10 <ia/w" — QUM ity + i6”fy“> thq

Contribution from the bag: T.” = g"” BOy
We evaluate the EMT form factors in the large-N, limit in the bag model
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EMT form factors in the large-N, limit

[M. Neubelt, A. Sampino, J. Hudson, KT and P. Schweitzer, Phys.Rev.D 101 (2020)]
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3D EMT densities

e 3D EMT densities are defined in Breit frame (A? = 0, P = 0)

M. V. Polyakov, Phys. Lett. B 555, 57 (2003)
M. V. Polyakov and P. Schweitzer, Int.J.Mod.Phys.A 33 (2018)

C. Lorcé, H. Moutarde and A. P. Trawinski, Eur.Phys.J.C 79 (2019)

[Ll/ F, §) /2E(2 exp(—i&f) <plasl|-f-m/(0)|pa S>

/d3r Too(F) =M mass
/d3r5 sirj Tor(F, §) = = spin

—fM/d3 (" 5’!) T;(F)

D D-term
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3D EMT densities

@ Belinfante-improved (symmetric) angular momentum density:

J(7) = I TH)
ripm

. 1
=57 |:(5’mpj(r)m0no + ( 2 - 351m> Pj(r)quad:|

monopole and quadrupole contributions are related to each other by
pﬁ(r)mono = —% pj(r)quad [P. Schweitzer and KT, Phys.Lett.B 796 (2019)]

@ The components Tj;(r) of the static stress tensor encode the
information on the distribution of pressure and shear forces

riri 1

50 = ) (% = 365) + ()35

s(r) related to distribution of shear forces " . o
mechanical properties

p(r) distribution of pressure inside hadron
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3D EMT densities

[M. Neubelt, A. Sampino, J. Hudson, KT and P. Schweitzer, Phys.Rev.D 101 (2020)]
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Consistency checks

° % 8;(:) + 2s(r) + 8p(r) -0

e stability condition: / drr’p(r)=0
0

r? p(r) [MeV/fm]

+

o & & N o W o&

-12

0 0.5 1 L5 r[fm]

o cQt)+E°(t)=0
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2D EMT densities

@ Onshell conditions of initial and final states - P- A =0
o 2D EMT densities are defined in elastic frames (A® = 0, P-A= 0)

C. Lorcé, L. Mantovani and B. Pasquini, Phys.Lett.B 776 (2018)
C. Lorcé, H. Moutarde and A. P. Trawinski, Eur.Phys.J.C 79 (2019)

(T4 )er(71: Pr) = / ALY [<p’,s'\T£‘”(0)rp,s>

? (2m)? 2P° P |=0.=0

e For P, — 0, 2D distributions become the projection of 3D
distributions onto the transverse plane

(TEVer(rL;0 /dZ (TH)ge(r)
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2D EMT densities

@ EMT form factors of an asymmetric EMT

wpv (Plgvp v ghp
PHP + () i(PtovP + PYoMP)A,
2My

(5 T2 O)lp,s) = ale! ) | 4700 -
AHRAY — g‘“’Az
4My
i(PravP — PYohP)A,
2Mpy

+ D(¢) +&%(t) My g

- 5%(¢)

u(p, s)
B. Bakker, E. Leader and T. Trueman, Phys. Rev. D 70, (2004); E. Leader and C. Lorcé, Phys. Rept. 541 (2014)

_ — -
e Kinetic quark EMT operator: Tlfh”lq = %@Z)q(—i'y“({?” + iv" OV g

i ijk .j k
;dn,q(F) =el"r Tl?in,q(F)

Sina(7) = 3 N (ol Arrsti(7)
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2D EMT densities

2D EMT densities in a physical situation, mg = 5MeV

[C. Lorcé, P. Schweitzer, KT, in preparation]
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2D EMT densities

2D angular momentum densities at fixed nucleon mass (938 MeV)
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2D EMT densities

2D angular momentum densities in heavy quark limit at fixed bag constant

m = 0.5 GeV
271b, (AM) (b,) [fm™") 271b, (AM) (b,) [fm™")

(Sting) 06 e

Y (Sking?
: 05 T * :
————— (Liing) oa P | - (Lng)
= (Sfing) + (Ling) 0.3, : oy ".\ = (Sfing) + (Ling
) 02 | e VB
01
' == 1.0 1.5. bidim)
m =5.0 GeV
27tb, (AM) (b,) [fm"]
10
oo (Sking) “ (Sking)
***** (Lian.a» ===~ (g
— (Shing) + (Lina) — (Sking) + Liing)
= (JBag)

== (Vaeta)

Kemal Tezgin (BN

Densities April 15, 2



@ EMT form factors and 3D densities are evaluated in the bag model, in
the large-N. limit

@ EMT 2D densities are discussed in the large-N, limit and their various
limits are studied in the bag model

@ The consistency of the model allows us to test many theoretical
concepts in a lucid way
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