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Lattice Parton Physics Project (LP3)
https://www.pa.msu.edu/~hwlin/LP3/

L

Huey-Wen Lin (PI) Xiangdong Ji Luchang Jin Peng Sun " Yi-Bo ang
(MSU) (UMD) (BNL) (MSU) (MSU)

% International collaborators

Yong Zhao _ _ o B
(MIT) Jiunn-Wei Chen Tomomi Ishikawa Jian-Hui Zhang

(NTU) (SJTU) (Regensburg)
Based on the work done in 1706.01295 (LP3)
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Parton Distribution Functions

§ PDFs are universal quark/gluon distributions of nucleon

& Many ongoing/planned experiments
(BNL, JLab, J-PARC, COMPASS, GSI, EIC, LHeC, ...)

Electron lon Collider:
The Next QCD Frontier

Imaging of the proton

How are the sea quarks and gluons,
and their spins, distributed in space and

momentum inside the nucleon?
EIC White Paper, 1212.1701
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Parton Distribution Functions

§ PDFs are universal quark/gluon distributions of nucleon

& Many ongoing/planned experiments
(BNL, JLab, J-PARC, COMPASS, GSI, EIC, LHeC, ...)

§ Important inputs to discern new physics at LHC

& Currently dominate errors in Higgs production
HIGGS PRODUCTION

o (8 TeV) uncertainty
Nomw | 99—=H [19500| 14.7% | N
VBF |1.56p0| 2.9% | I
NLOQCD | Wiy [070pb| 3.9% | W Pores
ZH |0.39p0| 5.1% | [N
NLO QCD ttH 0.13pb | 14.4% | NG

(J. Campbell, HCP2012)
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Global Analysis

§ Discrepancies appear when data is scarce
§ Many groups have tackled the analysis
& CTEQ, MSTW, ABM, JR, NNPDE, etc. =
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Jimenez-Delgado, Melnitchouk, Owens,
J.Phys. G40 (2013) 09310
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Parton Distributions and Lattice Calculatlons in the LHC era
22-24 March 2017, Oxford, UK

(PDFLattice 2017)
; — | ——— | MSTWOS - - -
| ! ABM11 -------
\ —— CJ12midl I l
== CT10 | ! '
0.8 ——— MSTWo0d ;,’ \
—- ABRMOJ § A first joint workshop with

global-fitting community to

< 0.6
~os address key LQCD inputs
| & http://www.physics.ox.ac.uk
/confs/PDFlattice2017
ey & Whitepaper will study the
X needed precision of lattice

PDFs in the large-x region /

-

Jimenez-Delgado, Melnitchouk, O
J.Phys. G40 (2013) 09310
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http://www.physics.ox.ac.uk/confs/PDFlattice2017

A Promising New Direction

Xiangdong Ji, Phys. Rev. Lett. 111, 039103 (2013)
+Many talks befroe mine today

PR
EEn
1} ---
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PDFs on the Lattice

Long existing obstacles!

§ Lattice calculations rely on operator product expansion,

. 1
only provide moments (x") (), = j
-1
§ For higher moments, all ops mix with lower-dimension ops

& No practical proposal to overcome this Y t 9

New Strategy (LaMET):
§ Calculate finite-momentum boosted

qguark distribution

&= In P,— oo limit, parton distribution is recovered
& For finite P, corrections are needed

§ Feasible with today’s resources!

dx x"q(x)

Xiangdong Ji, Phys. Rev. Lett. 111,
039103 (2013)
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Parton Distribution Functions
Large-Momentum Effective Theory for PDFs

- d : _ . 2
q(x,u, Py) =f4—z e 7k <P|w(z) [‘exp(—zgfo dz' Az(z’)) ¢(0)|P>
V4

Qz =0 ?F S {VZJ VzV5, szJ_VS}

_ # > ﬂ
p(PZ) g *@ p(P)

-

P, — oo limit

q(xuu') — Q(-xl ‘Ll, PZ) + 0(“5) + O(MI%//PZZ) + O(A%QCD/PZZ)
X. Xiong et al., 1310.7471; J.-W. Chen et al, 1603.06664
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Sea Flavor Asymmetry

§ First time in LQCD history to study antiquark dlstrlbutlon'

& M, =~ 310 MeV
HWIL et al. 1402.1462

12— | —
{ MSTW
1.0;— CJ12
§+l CT14
0.85: | XQSM
S ool E866 NuSea
il e Lattice

q(x) = —q(—x)

Lost resolution in

small-x region

Future improvement:
larger lattice volume

de (a(x) —d(x)) = —0.16(7)

Experiment X range [id(x) —u(x))dx
E866 0.015<x<<0.35 0.118+0.012
NMC 0.004<<x<<0.80 0.148=0.039
Y Ty - HERMES 0.020<x<0.30 0.160.03
0 0.1 0.2 0. 3
x R. Towell et al. (E866/Nu$ea), Phys.Rev. D64, 052002 (2001)
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Sea Flavor Asymmetry

§ First time in LQCD history to study antiquark dlstrlbutlon'
& M, =~ 310 MeV !

HWL [. 1402.1462 — —
12W et a 40 -46. B q(x) — —C[(—X)
.' MSTW Lost luti )
1.0} CJ12 oSt resoluyon In
;L CT14 1 small-x res
0.8} '
] . . ent:
A milestone for lattice QCD!
= 06 me
= b First sea flavor asymmetry ever
0.4} calculated! ~ —0.16(7)
0.2 ::" —— - Expermment X range b ) = (x)1dx
| 2\'>( e
[ - E866 0.015<x<0.35 0.118+0.012
04 . ! NMe 0.004<x<0.80 0.148+0.039
th e HERMES 0.020<¥<0.30 0.16%0.03
0 0.1 0.2 0.3 0.4
x R. Towell et al. (E866/NuSea), Phys.Rev. D64, 052002 (2001)
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Sea Flavor Asymmetry

§ Lattice exploratory study

& M, ~ 310 MeV
HWL et al 1402.1462
12— T
g MSTW ]
| CJ12 g
CT14
XQSM
E866 NuSea

ETMC

Lin, Chen, Ji

L 1 | . ::*-‘j’w."
0 0.1 0.2 0.3 0.4

Compared with E866
Too good to be true?

Lost resolution in
small-x region

1

Similar results repeated

by ETMC,

at M, = 373 MeV (7)
ETMC, 1504.07455 )

Experiment X range [id(x) —u(x))dx

E866 0.015<x<<0.35 0.118+0.012

NMC 0.004<x=<<0.80 0.148=0.039

HERMES 0.020<<x<<0.30 0.16=0.03

R. Towell et al. (E866/NuSea), Phys.Rev. D64, 052002 (2001)
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Missing Ingredient:
Renormalization

Recent progress:
1705.00246, 1705.11193, 1706.00265, 1706.01295, ...
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Renormalization

§ Long-link operator
Or(2) = Y (2)TW,(z, 0)(0)

§ Vector operator mixing with scalar ones T Ishikawa, this conference

(OJZ(Z)) _ (ZVV(Z) ZVS(Z)) (OVZ(Z))
0F (2) Zsy(z) Zss(2) )\ O1(2)

§ RI/MOM renormalization scheme 1706.01295 (LP3) AN
771 = Yi-Bo Yang
1 (Tr[fA(p, Z, yz)] Tr[fA(p, Z, ]I)] (MS-U)
12~ \ Tr[A(p, 2,v,)]  TrlA®,z D] ) 2.,

2
p2= R Pz=Pz

S(p)~!

Alp,z,T) = S(p)~t <Z ST(p,w + zn)TW,(w + zn)S(p, w)

~ Yong Zhao
projected with I' = p/p, (MIT)

& Test case: a = 0.12 fm, M, = 310 MeV, clover/HISQ
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Renormalization

§ RI/MOM renormalization scheme
Momentum source vs point source for |z| < 2

03 | Re[zi%,]-n pt —5—
0.25 r t i
RelZy) e iom &= | p, = 6m/Ls

0.2 1 E%/V] mom —s7— ‘u%:pz
oTor A A | =5.74GeV?
0.1 | Nil.

0.05 AD @AD

0 D
-0.05 |
il
0.1 1
-0.15 - - ' , -
2 1 0 1 2

Plot by Yi-Bo Yang; 1706.01295 (LP3)
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Renormalization

§ RI/MOM renormalization scheme

20 ReI[ZVv] '—.—' pZ — 677’-/LS
Im[Z,] —5— 2 _ .2
R Re[-Zg,] —eo—= Hr =D
o Im{-Zgy] —e— 1 = 5.74 GeV?
| [ |
10 |
[ | [ |

Plot by Yi-Bo Yang; 1706.01295 (LP3)
hR — ZVVh)/Z + sthﬂ
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Renormalization

§ Effect on nucleon matrix elements as function of z

| ‘pz = 4m /L,

100
08"
0.6F
0.4}
0.2}

Re[h(z)]

0.5

0.0f

Im[h(z)]

0.0
—02f

‘i —0.55

—045—

L e e LN B e o e e s B e e B AN S m
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UNIVERSITY

Im[h(z)]

0y

.............

Plot by Jianhui Zhang; 1706.01295 (LP3)
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Renormalization

§ Effect on quasi-PDFs
gR($?PZ7MR) :/

— 00

> dz

- P ~
iwP.zp sz
9 € R(Zv UR)

Plot by Jianhui Zhang
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Renormalization

§ Effect on quasi-PDFs

qr(z, Py, iR) :f — ¢ Fhp(z, P., pug) + O(as) error
oo +RI/MOM to MS matching (Zhao)

a~ 0.12 fm, M,; = 310 MeV

Earlier work (ignore renormalization)

15 . o

1.0}

X 1603.06664 (LP3)
Plot by Jianhui Zhang; 1706.01295 (LP3)
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- ANEW HOPE-

't /s & perioc, Oof waar andcd £eCcomormrnmic s LAY C *T TSy
FTersPrrroil hhas eongulfed thhe galactic republics.

Basic truths at foundation of the hman civilization
are disputed by thhe dark forces of thhe evi\ empilvre.

A small sroup of QCD HKnights from United Federation
of Physicists has gathered in a remote location on the
third planet of a star called Sol on thhe inner edge of

the 'Orion—Cygnus arm of the gsalaxy.

The QCD Knights are the only ones who can tame the
power of the Strong Force, responsible for nol\ding
atomic nuclei together, for giving mass and shape Yo

matter in the Universe.

They carry secret plans to build the most powerxiul
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Summary & Outlook

Exciting time for studying structure on the lattice

§ Overcoming longstanding obstacle to full x-distribution
& Most importantly, this can be done with today’s computer
& First lattice approach to study sea asymmetry
&= First look into PDA 1702.00008

§ Moving on to remove the systematic in

earlier study

& Working on renormalization,
statistics (all-mode averaging?),
larger momentum boost,
finer lattice-spacing ensembles, ...
&= Larger P, with smaller a may reduce issues associated w/ larger z

§ Explore new operators (no mixing) for the future
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