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BLFQ calculations of the proton leading twist quark TMDs
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For hadron collisions, transverse-momentum-dependent parton distribution functions (TMD PDFs) are important quantities to connect theo-
retic calculations and experimental cross sections. Recently, basis light-front quantization (BLFQ) has become a powerful tool to investigate
the structures of the bound state. We present the first calculations within the BLFQ framework for the leading twist quark TMDs under a
trivial assumption of the gauge link. We compare our calculations with previous calculations via the PDF limit and evolve our results of the
unpolarized TMDs.
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1. Introduction certain Hamiltonian, which enters the light-front stationary
Schibdinger equation. Via basis function and truncation, we

Via TMD factorization and evolution [1-3], transverse- then transform this equation into a standard matrix problem.

momentum-dependent parton distribution functions (TMDAafter getting the eigenvector we then reconstruct the light-

PDFs) enter the cross-sections of the semi-inclusive deefront wavefunction (LFWF), based on which we further cal-

inelastic-scattering (SIDIS) and Drell-Yan process. Beingcylate observables like TMDs.

an important subject, TMDs have been studied in many | this work, we diagonalize the following effective

models [5, 6, 17] and also lattice simulations [8, 9]. Much Hamiltonian [22]

progress has also been made on the experimental side to ex-

tract TMD PDFs from the experiment data, mainly focus- Hly = Het + H', (1)
ing on f, [10, 11], fi [12,13], g,7 [14], h, [13, 15] and

hiz [16]. Our theoretical understandings of the behaviour of e — mZ + pz

TMDs have also reached a certain level [31, 32]. eff. = Z sz

Recently, as a promising non-perturbative framework to
calculate the internal structures of the bound state, basis light- n 1 Z yreont. | Z VOGE. @)
front quantization (BLFQ) has been employed to investigate 2
the physical electron [18], positronium [7], meson [19, 20]
and most importantly, hadron [21,22, 33]. The basic idea oHereV, %™ is the confinement potential an¢’Eis the one-
BLFQ is to simultaneously get the mass spectrum and thgluon-exchange. Th&’ term is added here to facilitate the
light-front wavefunction (LFWF) of the bound states within factorization between the center of mass and intrinsic motion
a feasible computation time by diagonalizing the light-front

. . . 2 2
stationary Sclisdinger equation. L A L )

We follow the study from [21,22] to present the firstanal-  H = AL ZPT‘, +0 Zﬂ; —20"1, . (3)
ysis of the leading twist quark TMD PDFs of the proton sys- E !

tem within the BLFQ framework. We also present some dis-

. ; ) Here we use two-dimensional harmonic oscillators (2D
cussions and comparisons concerning our results.

HO) as basis in the transverse direction and plane waves in
the longitudinal direction. As for the truncation, we intro-
2. BLFQ framework duce N, and K in the transverse and longitudinal direc-

tions respectively [22]. Thus we translate the eigenprob-
In this section, we provide a brief introduction to the BLFQ lem H/; |P,A) = M?|P,A) into a standard matrix prob-
calculations of the hadron system within the leading, threelem and finally get the light-front wavefunction (LFWF)
quark, Fock sector truncation. In general, we start from w§1A2A3({xi,pf}). Here M is the proton mass.
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3. Transverse-momentum dependent distribu-
tions 4

Npey =6, K =32
TMD GPD
(by Int.) (A* =0)
Transverse-momentum dependent distributions emerge fron 3
the parameterization [23, 24] of the following TMD correla-

tors

T oopt o1 dz—dzt iz 1
‘I’H(P,S79€P+,P)2/2(27r)3NO€ g
x (P, S| B(0)W(0, )TT(2) |P,S) |.+—o, (4) »
0.00 0.20 0.40 0.60 0.80 1.00
where color and flavor indexes and summation, if needed, are x (longitudinal fraction)
implicit. For the leading twistll = v*,y1+%,i077~%), the
parameterizations are 4 N TR

TMD GPD
(by Int.) (At =0)

" . €9pisi 3
Q[’Y ](‘T,pL;P,S):fl - M 1J_T7 (5)
L.gL 2

+.,5 3 e P e
O pts P S) = SPg5, + S —gir, (6)

o ), pt s P, S) = S0 + 3L pie
M. (1]
Okipd — L 2517
+ Sl & (p ) h’%']é 0.00 0.20 0.40 0.60 0.80 1.00
2M?2 :
o € x (longitudinal fraction)
97 it
+ €Mp hfe. @) FIGURE 1. (Color online) Comparison of the PDF limit of our
e

TMD and the PDF calculations from [22] at initial scale. Different
panels are comparisons for different truncation parameters.
The kinematic conventions we use are the same as thogeD HO truncation) and< (longitudinal planwave truncation). See

in [18, 25, 26]: §[2] for detailed discussions d¥,,.x and K. Solid lines are the
PDF limit of the TMDs we got here and dashed results are PDFs
M gotten from [30]. Lines with different markers (colors) are results
+ 1 :
P = <P ' P 0 > ) (8)  for different TMDs.
+ g— ol s*pPt —S°M 1 o2 1.0
(S Y S ) S ) = M ) P+ ) S Y S ) (9) :

Nmax = 10 K = 16

(S1,5%,8%) = (sinf cos g, sinfsinp,cosd) ,  (10) 0.8 @~ 0.515152

u? (GeV?) 0.195 2.4 10
i —A— —E— ——
i A B -e-

whereM is the proton mass. QG

The gauge linkW(0, z), theoretically, is needed to main-

tain the gauge invariance of the TMD correlations, E). ( 0:4
[27-29]. In this work, for simplicity, we use the following
approximation 0.2
W(0,z) ~ 1. (11) ] 0.5 1.0 5 20 25 3.0
lp*| (GeV)

This is an assumption commonly used in the theoretical cal-

culations of TMD [30, 35]. Under this approximation, one FIGURE 2. (Color online) f, a2tthe initial SCQa|eO.195 GeV? [22]

would find that all the T-odd TMDs reduce to zero. and two higher scalea4 GeV* and10 GeV*~ following evolution
) ) ] scheme described ifi4.. Lines with different markers (colors)

With the above assumptions and conventions, we substirpreseny, at different scales. Solid lines represerguark distri-

tute the LFWF from the BLFQ framework into the TMD cor- pytions and dashed lines represémjuark distributions. This plot
relator and get the six non-vanishing TMDs under the trivialshows the distributions at = (9.5/16.5) ~ 0.515 in the trans-
assumption of the gauge link: verse direction.
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FIGURE 3. 3D plots of BLFQ results for six non-vanishing TMDs of thejuark.
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Here, f, (z, [b*|; 1) is the unpolarized TMD in the impact
parameter spacég., the two-dimensional Fourier transfor-

fi= [l Y WP+ 0t ] @2 maton off (o[t )

A2X3 The evolution kernelR, takes the following form
14
gL :/[d123] Z ['wiﬁh*f B Wiﬂmﬂ (19 ; bl — |~ dy’ /
Azha R(p, po, |b-|) = exp | In o 7 v (1)
M Hb
NT=7"T5 /[d123] 1o
(p+) dp/
. + / vE(p i) ) (20)
x 37 2Re [l 07 3,0, 0T ] - (14) 7
Az a
_ — — |pL 1)2 /p2
he — / 4123 e ] (15) Wherep, = Ci/b., b, = |b|/\/1+ ((b")* /b3 are
' : ]g;g [ A2k ’AMJ in charge of the transition between perturbative and non-
M perturbative regions [37]. The anomalous dimensions are
2C
®7) (i) = as()=E
x 3 2Re [k 05,0 0] (16) / e (3 2
A2Xs Yr(ps 1) = as(p )7 (2 - L/g]> (21)
2M?
1 + % _
hir = 7|pi|2 [d123] Z [w*,AzASwJﬁ/\Q}\S} ; (A7) \We also use the same non-perturbative functiar(|b* |) =
Azhs (1/2)g2 (bL)2 and parameters as in [30].
whereks = k' + ik?, and we use the abbreviation Evolved BLFQ results off; are shown in the transverse
direction as Fig. 2. It is easy to observe that in the transverse
1193] — dxdzedrsd?py d2ps d2ps direction, with increasing scale, the magnitudes of bfjth
[ I = 1673 and f{ decrease and the widths of them increase, which is

x 8(21 + w9 + a3 — 1) quite as expected.

x (ki + ky +k3)d(x — 200" —p1) - (18) 5 Conclusions

We compute thel’p* integration of the three TMDs | this paper, we present the first investigation of the proton
which have a proper PDF limif;;, g, 1, h,, and compare our  q,ark TMDs in the leading twist within the BLFQ frame-
calculations with the initial-scale results from [22]. PDFs york. We deduce the corresponding formulas for TMDs and
in Ref. [22] are calculated by setting the momentum ransgompare the PDF limit of our TMDs with PDFs got in [22].
fer A = 0 for corresponding generalized parton distributions\ye find good consistency in this comparison. First, this
(GPDs). This comparison is presented in Fig. 1 and we argyongly signifies that our calculation is self-consistent. Sec-
pleased to find good consistency for different truncation Pabnd, after DGLAP evolution, PDF calculations in the previ-

rameters. The. 3D' plots o_f all the si>§ non-vanishing TMDs ;5 papers [21,22] agree well with the experiment data and
are presented in Fig. 3. It is easy to find that all those resultg, ;s we choose the same initial scafe= 0.195 GeV? for

are in reasonable behaviour. We will present more results ig,,r TMDs. Following evolution scheme from Refs. [30, 34

Ref. [33]. 36], we also evolve our TMDs to higher scales to investi-
gate the effect of scale evolution. We find that with higher

4. TMDs after evolution scale we would generally get TMDs with lower magnitude
and larger extension in the transverse direction.

The comparison with the previous calculations of the PDFs

also enables us to assign the same initial sqale =

0.195 GeV? to our TMD results. Thus we can implement Acknowledgments
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