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 EMC in a pioneering experiment at CERN revealed that valence quarks in the proton 

contribute less than half  the spin of  the proton —> proton spin crisis  

We know that the proton is not just valence quarks                                                                          
it is but much more complicated  

But what is the exact fraction carried by each parton - valence and sea quarks and gluons?

Motivation
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 ETMC: C.A. et al., arXiv: 2607.20337  ETMC: C.A. et al., arXiv: 2607.21230

 Physics Letters B 206, 364 (1988)

https://arxiv.org/abs/2607.20337


ETMC gauge ensembles
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Wilson-type

Staggered

Domain wall

mπ<145 MeV  

Lattice spacings determined  in isoQCD,  corresponding to the Edinburgh/FLAG consensus 

<latexit sha1_base64="/WnlSsfitnnJieDk6NE+9W2pZDQ="></latexit>

Ensemble (La )
3→(Ta ) a [fm] mω [MeV] mωL

B64 643→128 0.0795(1) 140.2(2) 3.62
C80 803→160 0.0682(1) 136.7(2) 3.78
D96 963→192 0.0568(1) 140.8(2) 3.90
E112 1123→224 0.0489(1) 136.5(2) 3.79

ETMC: Phys.Rev.D 111 (2025) 5, 054502 2411.08852 [hep-lat]

https://arxiv.org/abs/2411.08852
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Computation of  lower Mellin moments of  GPDs
Lower moments are readily accessible in lattice QCD  from matrix elements of  local operators with computations in early 90s  

To leading order we have the twist-2 operators

Made traceless and {} denotes symmetrization 

<latexit sha1_base64="7GlxCc3PuTnqV5MpmwOXWk7NtfU="></latexit>

O
µ1µ2...µn

V = ω̄ε{µ1i
→↑
D µ2 . . . i

→↑
D µn}ω

unpolarized
↑ ↓xn→1

↔q =

∫ 1

0
dx xn→1

[
q(x)↗ (↗1)n→1q̄(x)

]

O
µ1µ2...µn

A = ω̄ε5ε
{µ1i

→↑
D µ2 . . . i

→↑
D µn}ω

helicity
↑ ↓xn→1

↔!q =

∫ 1

0
dx xn→1

[
!q(x) + (↗1)n→1!q̄(x)

]

O
ωµ1µ2...µn

T = ω̄iϑω{µ1i
→↑
D µ2 . . . i

→↑
D µn}ω

transversity
↑ ↓xn→1

↔εq =

∫ 1

0
dx xn→1

[
ϖq(x)↗ (↗1)n→1ϖq̄(x)

]

q = q↑ + q↓, !q = q↑ ↗ q↓, ϖq = q↭ + q↔

Spin-1/2



Nucleon first and second moments
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n=1  —> axial charge  gA

<latexit sha1_base64="jCel+CzFbdRoCW3uBXXG8Xarj2k="></latexit>

�⌃q+(µ
2) =

Z 1

0
dx

⇥
�q(x, µ2) +�q̄(x, µ2)

⇤
= gqA• Helicity gives intrinsic quark spin:  

n=2 —>    unpolarized generalized form factors factors (GFFs)

• Spin and momentum sums:
<latexit sha1_base64="LEMWDvIMb/W5BMFou2VzIy4aUsE="></latexit>P

q

⇥
1
2�⌃q + Lq

⇤
+ Jg = 1

2 ,
P

qhxiq + hxig = 1

• Moments:

• Spin:
<latexit sha1_base64="SnejNTMvg+/rgnB6Ro+yWCVZz/Y="></latexit>

Jq,g = 1
2 [A

q,g
20 (0) +Bq,g

20 (0)]

<latexit sha1_base64="4Dt7lyU+vf3LoPJ/8otNhE9gOfw=">AAACHHicbZDLSsNAFIYn9VbrrerSzWArVJCSVKluhIoblxXsBZoYJtNpO3QyiTMTsYQ8iBtfxY0LRdy4EHwbp2kX2vrDwMd/zuHM+b2QUalM89vILCwuLa9kV3Nr6xubW/ntnaYMIoFJAwcsEG0PScIoJw1FFSPtUBDke4y0vOHluN66J0LSgN+oUUgcH/U57VGMlLbc/HHRZoj3GYEP0BYpufHdUT+BEJ7Di9uU3bhiJiXzEBZzWtDNF8yymQrOgzWFApiq7uY/7W6AI59whRmSsmOZoXJiJBTFjCQ5O5IkRHiI+qSjkSOfSCdOj0vggXa6sBcI/biCqft7Ika+lCPf050+UgM5Wxub/9U6keqdOTHlYaQIx5NFvYhBFcBxUrBLBcGKjTQgLKj+K8QDJBBWOs+cDsGaPXkempWyVS1XryuF2sk0jizYA/ugBCxwCmrgCtRBA2DwCJ7BK3gznowX4934mLRmjOnMLvgj4+sHSAqdnQ==</latexit>

→x↑q,g = Aq,g
20 (0)

<latexit sha1_base64="kRGZp4Mh/X3pAGOHXTX2Z0HcGaQ="></latexit>

N(p→, s→)|Tµω
q,g |N(p, s) = ūN (p→, s→)

[
i

2
Aq,g

20 (Q
2) ω{µP ω} +Bq,g

20 (Q2)
P {µεω}εqε

4mN
+ Cq,g

20 (Q2)
q{µqω}

mN

]
uN (p, s),

<latexit sha1_base64="HSLldJE/kjE0LyYjswg3kbw4ffA="></latexit>

Tµω
q = ω̄iε{µ→↑D ω}ω, Tµω

g = F ε{µF ω}
ε

symmetrization over  indices and subtraction of  the trace



 Statistics  for two-point and connected three-point functions

Extraction of  matrix elements - connected
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<latexit sha1_base64="+A0IE+lzozQec64j8jBpjLtXaI0="></latexit>

Ensemble Nconf n2pt
src ts/a ts [fm] nconn

src

B64 725 349
8, 10, 12, 14
16, 18, 20

0.64, 0.80, 0.96, 1.12
1.28, 1.44, 1.60

1, 2, 5, 10
32, 112, 128

C80 400 650
6, 8, 10, 12, 14
16, 18, 20, 22

0.41, 0.55, 0.69, 0.82, 0.96
1.10, 1.24, 1.37, 1.51

1, 2, 4, 10, 22
48, 45, 116, 246

D96 493 368
8, 10, 12, 14, 16
18, 20, 22, 24, 26

0.46, 0.57, 0.68, 0.80, 0.91
1.03, 1.14, 1.25, 1.37, 1.48

1, 2, 4, 8, 16
32, 64, 16, 32, 64

E112 500 311
8, 11, 14, 17
20, 23, 26, 29

0.39, 0.54, 0.69, 0.83
0.98, 1.13, 1.27, 1.42

1, 2, 4, 8
16, 32, 64, 128

Use two-state fits to the ratio 

Check with summation method: 

B64

E112

D96

C80

<latexit sha1_base64="xSwZX+cZ12wd0qiqt1QMmHAduUU="></latexit>

Rµω(!ε, ωp
→, ωp; ts, tins) =

Cµω
3pt(!ε, ωp→, ωp; ts, tins)√
C2pt(ωp; ts)C2pt(ωp; ts)

→ e↑(EN (ϑp→)↑EN (ϑp))(tins↑ts/2)

<latexit sha1_base64="exw6pw0pgAeTiTE+wS2zo2FFvlU="></latexit>

ts→↑→↑ !µω(”ε, ωp↓, ωp)

<latexit sha1_base64="QaKnTFfWInKaWYT232RN9UZNPEQ="></latexit>

!44(”0;ω0,ω0) = →3mN

4
↑x↓

!4i(”0; pj , pj) = ipj ↑x↓

<latexit sha1_base64="eetY/3Bc2/ytYAH/RsQC27YV0rA="></latexit>

ts→a∑

tins=a

Rµω(!ε, ωp
↑, ωp; ts, tins)

ts↓↔→↑ c0 +”µω(!ε, ωp
↑, ωp)ts



 Statistics  for quark-disconnected loops

Extraction of  matrix elements - disconnected

Use one-state fits (plateau  and summation)     

<latexit sha1_base64="XWJqm3mccAuV+AJDomNhUuNt99Y="></latexit>

B64 C80 D96 E112
Flavor Ndef nvec Ndef nvec Ndef nvec Ndef nvec

u & d 200 12→ 512→ 1 450 12→ 512→ 1 0 12→ 512→ 8 530 12→ 512→ 1
s 0 12→ 512→ 2 0 12→ 512→ 4 0 12→ 512→ 4 0 12→ 512→ 2
c 0 12→ 32→ 12 0 12→ 512→ 1 0 12→ 512→ 1 0 12→ 512→ 1

Gluon insertion is stout-smeared

B64

E112

D96

C80
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RI’-MOM for all contributions 

For the three flavor nonsinglets the renormalization is multiplicative

Renormalization - nonsinglet
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To improve convergence, first  evolve to an intermediate scale                  ; then converted to MS at the same 
scale     ; and then  evolve from      to   

<latexit sha1_base64="jAbD/Mhn+blESA6u/v8P9mlM5Dg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JIqa5KwY3LCvYBTQyT6U07dCYJMxOhhLrxV9y4UMStf+HOv3H6WGjrgQuHc+7l3nvClDOlHefbWlldW9/YLGwVt3d29/btg8OWSjJJoUkTnshOSBRwFkNTM82hk0ogIuTQDofXE7/9AFKxJL7ToxR8Qfoxixgl2kiBfeyJLHDuvVQyAbhW80Iic6ONA7vklJ0p8DJx56SE5mgE9pfXS2gmINaUE6W6rpNqPydSM8phXPQyBSmhQ9KHrqExEaD8fPrBGJ8ZpYejRJqKNZ6qvydyIpQaidB0CqIHatGbiP953UxHV37O4jTTENPZoijjWCd4EgfuMQlU85EhhEpmbsV0QCSh2oRWNCG4iy8vk9ZF2a2Wq7eVUr0yj6OATtApOkcuukR1dIMaqIkoekTP6BW9WU/Wi/VufcxaV6z5zBH6A+vzBw+Ylp8=</latexit>

µ→
0 >> µ̄

<latexit sha1_base64="mvu4c2oMz/N5nklzz3U2WG+TnY0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0WvHisYD+gu5Zsmm1Dk+yaZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh+HbudyZUaRbLBzNNaCDwULKIEWysFPgi7buPfqKYoKhfrrhVdwG0TrycVCBHs1/+8gcxSQWVhnCsdc9zExNkWBlGOJ2V/FTTBJMxHtKepRILqoNscfQMXVhlgKJY2ZIGLdTfExkWWk9FaDsFNiO96s3F/7xeaqKbIGMySQ2VZLkoSjkyMZongAZMUWL41BJMFLO3IjLCChNjcyrZELzVl9dJ+6rq1av1+1qlUcvjKMIZnMMleHANDbiDJrSAwBM8wyu8ORPnxXl3PpatBSefOYU/cD5/AEIUkb0=</latexit>

µ→
0

<latexit sha1_base64="mvu4c2oMz/N5nklzz3U2WG+TnY0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0WvHisYD+gu5Zsmm1Dk+yaZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh+HbudyZUaRbLBzNNaCDwULKIEWysFPgi7buPfqKYoKhfrrhVdwG0TrycVCBHs1/+8gcxSQWVhnCsdc9zExNkWBlGOJ2V/FTTBJMxHtKepRILqoNscfQMXVhlgKJY2ZIGLdTfExkWWk9FaDsFNiO96s3F/7xeaqKbIGMySQ2VZLkoSjkyMZongAZMUWL41BJMFLO3IjLCChNjcyrZELzVl9dJ+6rq1av1+1qlUcvjKMIZnMMleHANDbiDJrSAwBM8wyu8ORPnxXl3PpatBSefOYU/cD5/AEIUkb0=</latexit>

µ→
0

<latexit sha1_base64="ia3hnSruljO6PsuXYDRgR4goLno=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9pQtlsN+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zQHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wervwe09UaRbLBzNLaCDwWLKIEWys9OiHWGW+SOfDas2tuznQOvEKUoMC7WH1yx/FJBVUGsKx1gPPTUyQYWUY4XRe8VNNE0ymeEwHlkosqA6y/OA5urDKCEWxsiUNytXfExkWWs9EaDsFNhO96i3E/7xBaqKbIGMySQ2VZLkoSjkyMVp8j0ZMUWL4zBJMFLO3IjLBChNjM6rYELzVl9dJ96ruNevN+0at1SjiKMMZnMMleHANLbiDNnSAgIBneIU3RzkvzrvzsWwtOcXMKfyB8/kDH2+QmA==</latexit>

µ̄
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<latexit sha1_base64="pJVxiz6sH54YFpa2QMzQ1y+GjLY="></latexit>

(Zµ →=ω
qq )

MS
(µ̄) = CMS,RI→

qq (µ̄, µ0) (Z
µ →=ω
qq )

RI→

(µ0),

(Zµ=ω
qq )MS(µ̄) = CMS,RI→

qq (µ̄, µ0) (Z
µ=ω
qq )RI→(µ0)

Matching coefficients computed to three-loops

G. Panagopoulos, H. Panagopoulos, and G. Spanoudes, Phys. Rev. D 103, 014515 (2021), arXiv:2010.02062

RI’-MOM at 
<latexit sha1_base64="sHuwD785iRtRh3Rng8w8Q8Wo7/g=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4MQm7C7hGgjBCy0jGAekE3C7OQmGTKzu8zMCmGJnY2/YmOhiK2fYOffOHkUmnjgwuGce7n3Hj/iTGnb/rZSK6tr6xvpzczW9s7uXnb/oKbCWFKo0pCHsuETBZwFUNVMc2hEEojwOdT94dXEr9+DVCwM7vQogpYg/YD1GCXaSJ3scd4TcduLJBPQsc/a7qXrPCSeFPgaauO228nm7II9BV4mzpzk0ByVTvbL64Y0FhBoyolSTceOdCshUjPKYZzxYgURoUPSh6ahARGgWsn0kTE+NUoX90JpKtB4qv6eSIhQaiR80ymIHqhFbyL+5zVj3btoJSyIYg0BnS3qxRzrEE9SwV0mgWo+MoRQycytmA6IJFSb7DImBGfx5WVScwtOqVC6LebKxXkcaXSETlAeOegcldENqqAqougRPaNX9GY9WS/Wu/Uxa01Z85lD9AfW5w+Xg5hm</latexit>

(µ→
0)

2 = 21 GeV2
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RI’-MOM for all contributions 

For the quark singlet u+d+s+c, there is mixing with the gluon operator 

We compute  the mixing matrix non-perturbatively for 

Renormalization - singlet & gluon
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<latexit sha1_base64="7c5MP2Lrn5UDj1uSfwvhfO7Y2hI="></latexit>(
(Tµω

qs )R

(Tµω
g )R

)
=

(
Zs
qq Zqg

Zgq Zgg

)(
Tµω
qs

Tµω
g

)

<latexit sha1_base64="zDtmNW8UowvfdA/Vy8tOZFMuxbM=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DXjxGMA/JLmF20psMmZld5iGEkK/w4kERr36ON//GSbIHTSxoKKq66e6KM8608f1vr7CxubW9U9wt7e0fHB6Vj0/aOrWKQoumPFXdmGjgTELLMMOhmykgIubQice3c7/zBEqzVD6YSQaRIEPJEkaJcdJjKGwoIZS2X674VX8BvE6CnFRQjma//BUOUmoFSEM50boX+JmJpkQZRjnMSqHVkBE6JkPoOSqJAB1NFwfP8IVTBjhJlStp8EL9PTElQuuJiF2nIGakV725+J/Xsya5iaZMZtaApMtFieXYpHj+PR4wBdTwiSOEKuZuxXREFKHGZVRyIQSrL6+T9lU1qFfr97VKo5bHUURn6BxdogBdowa6Q03UQhQJ9Ixe0ZunvBfv3ftYtha8fOYU/YH3+QP2iZB9</latexit>

µ →= ω

<latexit sha1_base64="tGQ8bG1pd0HgfwOHvidFICqTyv8="></latexit>

(Z
µ →=ω
ij )

MS
(µ̄) = (Z

µ →=ω
ik )

RI→

(µ0)C
RI→,MS
kj (µ̄, µ0),

Matching coefficients computed to two-loops

G. Panagopoulos, H. Panagopoulos, and G. Spanoudes, Phys. Rev. D 103, 014515 (2021), arXiv:2010.02062

To improve convergence, first  evolve to an intermediate scale                  ; then converted to MS at the same 
scale     ; and then  evolve from      to   

<latexit sha1_base64="jAbD/Mhn+blESA6u/v8P9mlM5Dg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JIqa5KwY3LCvYBTQyT6U07dCYJMxOhhLrxV9y4UMStf+HOv3H6WGjrgQuHc+7l3nvClDOlHefbWlldW9/YLGwVt3d29/btg8OWSjJJoUkTnshOSBRwFkNTM82hk0ogIuTQDofXE7/9AFKxJL7ToxR8Qfoxixgl2kiBfeyJLHDuvVQyAbhW80Iic6ONA7vklJ0p8DJx56SE5mgE9pfXS2gmINaUE6W6rpNqPydSM8phXPQyBSmhQ9KHrqExEaD8fPrBGJ8ZpYejRJqKNZ6qvydyIpQaidB0CqIHatGbiP953UxHV37O4jTTENPZoijjWCd4EgfuMQlU85EhhEpmbsV0QCSh2oRWNCG4iy8vk9ZF2a2Wq7eVUr0yj6OATtApOkcuukR1dIMaqIkoekTP6BW9WU/Wi/VufcxaV6z5zBH6A+vzBw+Ylp8=</latexit>

µ→
0 >> µ̄

<latexit sha1_base64="mvu4c2oMz/N5nklzz3U2WG+TnY0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0WvHisYD+gu5Zsmm1Dk+yaZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh+HbudyZUaRbLBzNNaCDwULKIEWysFPgi7buPfqKYoKhfrrhVdwG0TrycVCBHs1/+8gcxSQWVhnCsdc9zExNkWBlGOJ2V/FTTBJMxHtKepRILqoNscfQMXVhlgKJY2ZIGLdTfExkWWk9FaDsFNiO96s3F/7xeaqKbIGMySQ2VZLkoSjkyMZongAZMUWL41BJMFLO3IjLCChNjcyrZELzVl9dJ+6rq1av1+1qlUcvjKMIZnMMleHANDbiDJrSAwBM8wyu8ORPnxXl3PpatBSefOYU/cD5/AEIUkb0=</latexit>

µ→
0

<latexit sha1_base64="mvu4c2oMz/N5nklzz3U2WG+TnY0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0WvHisYD+gu5Zsmm1Dk+yaZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh+HbudyZUaRbLBzNNaCDwULKIEWysFPgi7buPfqKYoKhfrrhVdwG0TrycVCBHs1/+8gcxSQWVhnCsdc9zExNkWBlGOJ2V/FTTBJMxHtKepRILqoNscfQMXVhlgKJY2ZIGLdTfExkWWk9FaDsFNiO96s3F/7xeaqKbIGMySQ2VZLkoSjkyMZongAZMUWL41BJMFLO3IjLCChNjcyrZELzVl9dJ+6rq1av1+1qlUcvjKMIZnMMleHANDbiDJrSAwBM8wyu8ORPnxXl3PpatBSefOYU/cD5/AEIUkb0=</latexit>

µ→
0

<latexit sha1_base64="ia3hnSruljO6PsuXYDRgR4goLno=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9pQtlsN+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zQHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wervwe09UaRbLBzNLaCDwWLKIEWys9OiHWGW+SOfDas2tuznQOvEKUoMC7WH1yx/FJBVUGsKx1gPPTUyQYWUY4XRe8VNNE0ymeEwHlkosqA6y/OA5urDKCEWxsiUNytXfExkWWs9EaDsFNhO96i3E/7xBaqKbIGMySQ2VZLkoSjkyMVp8j0ZMUWL4zBJMFLO3IjLBChNjM6rYELzVl9dJ96ruNevN+0at1SjiKMMZnMMleHANLbiDNnSAgIBneIU3RzkvzrvzsWwtOcXMKfyB8/kDH2+QmA==</latexit>
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Continuum limit: Perform constant and linear in  a2 fits and combine using Akaike information criterion

Continuum limit

10

Further systematics are computed by changing the excited state analysis for connected and disconnected,  using different 
upper value of  Q2 in the dipole fits to  extrapolate to the forward limit and for the different stout smearing on the gluon 

 These are small except for the gluon that double the total final error



The quark intrinsic spin                          is extracted using the same ensembles by evaluating gA

Intrinsic spin and orbital angular momentum
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gqA

The quark orbital angular momentum is then extracted from 
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Lq = Jq →
1

2
!”q

The helicity moment n=1:
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⇥
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⇤
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Results for <x> and J
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 Momentum and spin sums satisfied 

About 35-40 % from gluons, 10 % from sea quarks confirming what EMC measured 



Total intrinsic quark spin amounts for less than half  the proton spin in agreement with the results of  the 
EMC experiment in the late 1980s  

The u-quark contribution largely cancels the one from the d-quark giving a small total quark orbital angular 
of  about 20% 

The s-quark contribution is non-zero in both cases

Results on quark intrinsic spin and orbital angular momentum 
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Momentum fractions in good agreement with phenomenological analyses

Comparison of  results on <x> and J
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 Lattice QCD determination yields results in agreement to phenomenology but with higher precision

Comparison of  results on intrinsic spin
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A full decomposition of  the  momentum fraction and spin of  the nucleon is carried out for the first time using Nf=2+1+1  
gauge ensembles simulated at physical values of   quark masses 

✦ About 40% comes from the gluon contribution and about 10% from sea quarks 

✦Momentum and spin sums are satisfied when all components are added 

 The intrinsic spin and orbital angular momentum are extracted with the former providing only about 40% of  the proton 
spin in agreement with the results of  the EMC experiment 

 The quark orbital angular momentum largely cancels between the d- and u-quarks resulting in a small value 

For all quantities, we find evidence for a small but statistically non-zero  s-quark contribution; Interestingly, we find a small 
contribution to the momentum fraction from the c-quark pointing possibly to charm quark effects in the nucleon 

Our continuum extrapolated results compare well with phenomenological analyses, where for the intrinsic spin the lattice  
results  are more precise 

Conclusions
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Backup slides

17



Fit simultaneously the three-point function of  Aj & A0 currents sharing the first excited state energy

Determination of  isovector axial charge
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The stout smearing dependence on the flavor singlet due to the mixing is negligible 

Different stout smearing lead to the same value at the continuum limit

Dependence of  gluon matrix element on stout-smearing
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