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Constraints from data
1 B global QCD analysis
A, (0, 1) = J-o dXX[Q(X’ Ho) + T (X, /Uo)] = <Xq>(ﬂo) =1-A,(0, 1) at NNLO

A (0,14,=13Gev)=0613 CT18 (MMHT2014,NNPDF)
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Constraints from data
1 B global QCD analysis
A, (0, 1) = J-o dXX[Q(X’ Ho) + T (X, /uo)] = <Xq > (1p) =1= Ay (0, 1) at NNLO

A (0,14,=13GeV)=0613 CT18 (MMHT2014,NNPDF)
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nucleon

C,(0, 4 ~0.4 GeV)=0.25 Bag model [Ji, Melnitchouk, Song, PRD56, 5511 ('97)]
C,(0,u=2GeV)~-0.11 Phenomenological [Lorce, EPTC78, 120 (18)]
C,(0,4~0.63GeV)=0.014  Instanton [Polyakov, Son, JHEPO9, 156 ('18)]

C,(0, £ =1GeV)=-0.021£0.008 LCSR [Azizi,Ozdem, EPJC80, 104 (20)]

C, (0, 4 > ) =-0.15 Trace anomaly [Hatta, Rajan, KT, JHEP12, 008 ('18)]
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C,(0,4~0.63GeV)=0.014  Instanton [Polyakov, Son, JHEPO9, 156 ('18)]

C,(0, 4 =1GeV)=-0.021£0.008 LCSR [Azizi,0zdem, EPJC80, 104 (20)]
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Cq(0, 4 =1Gev)=-0.180+£0.003 Lo QCD [KT, JHEPO3, 013 ('23)]
C,(0,4=2GeV)=-0.163£0.004  MS scheme
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NNLO update of Ji's decomposition

KT, arXiv:2511.18310
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NNLO update of Ji's decomposition

Proton (Lattice)
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NNLO update of Ji's decomposition

KT, arXiv:2511.18310
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NNLO update of Ji's decomposition
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New 4-term decomposition in NNLO QCD

KT, arXiv:2511.18310
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NNLO update of Ji's decomposition
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New 4-term decomposition in NNLO QCD

KT, arXiv:2511.18310
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New 4-term decomposition in NNL

O QCD

KT, arXiv:2511.18310

MS scheme :
proton mass pion mass
0.6 061
c 05 . 05
2 q(tw2) S i q(tw2) ;
g 04— g O4w ]
e 03 gltw2) S 03 gltwz)
0 - T ] ]
S 02 g(tw4) S 02 g(tw4) 5
© i O i ]
@ 01 A 01 |
E 00 i aq(twd) £ oo q(tw)
B T 0y 5 10 15 20
v [GeV] u  [GeV]
00 Uy,
3 3 M ~ M _ SN
TMAQ ) + S MA (0, 1) +7-(A0 1) +4C, (0.) +--(A 0. +4C,0.0)  5(|] )2
| T,° |- traces T, |~ traces Lo (1] Lo, (1] e



T =T"™

mass & energy distribution

(N(P)I| T [IN(p)y = 2| A, , (0) p* P’
+C, ,O)n**M?]

—

mass & pressure distribution

energy\ momentum
density density

CERO8 o1 g2 703

T

momentum momentum fnlj;_::u ~
densitv flux

g shear
stress

{}0 1“"-",.: -

pressure

|
N
W
o
[
x;‘.-'--?":”zv
f-(fgﬂ 10>



Extended Virial Theorem KT, arXiv:2511.18310
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Pressure in NNLO QCD
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Summary or'igin_of mass & pressure in NNLO QCD

- Different schemes for the MS renormalization of composite ops. in the QCD EMT

+ Those lead to different hadron mass decomposition
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Constraints from data for pion
Aq7Z (Ouuo) = j:dXX[q”(X,uOHE”(x,uO)] global QCD analysis at

0.70+002 JAM ('18)
A7 (0, 14,=1.3GeV)= {081 +016 XFitter ('20)
10.61+£0.08  JAM (‘21)

My =<z (p) Imyy | z(p)) =(%+O(6%)jl\/l g XPT

Gasser, Leutwyler, Annals Phys. 158, 142
Colangelo, Gasser, Leutwyler, PRL86, 5008
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nucleon

Cq (0, # ~ 0.4 GeV) =0.25 Bag model [Ji, Melnitchouk, Song, PRD56, 5511 ('97)]
C,(0,u=2GeV)~-0.11 Phenomenological [Lorce, EPTC78, 120 (18)]
C,(0,4~0.63GeV)=0.014  Instanton [Polyakov, Son, JHEPO9, 156 ('18)]

C,(0, 4 =1GeV)=-0.021£0.008 LCSR [Azizi,0zdem, EPJC80, 104 (20)]

C, (0,  — ) =—-0.15 Trace anomaly [Hatta, Rajan, KT, JHEP12, 008 ('18)]
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Constraints from data
1 B global QCD analysis
A, (0, 1) = J-o dXX[Q(X’ Ho) + T (X, /uo)] = <Xq > (1p) =1= Ay (0, 1) at NNLO

A (0,14,=13GeV)=0613 CT18 (MMHT2014,NNPDF)

8Cg +2n;
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A(0.4) A4C_ +n, A4C. +n o, (1)

(N(p) | Mm@y | N(p)y =(N(p)|m,Tu+m,dd +m3s|N(p))=2M (o, +0;)

- =—< (p)] mu ~ % (Gu+dd)|N(p)) =59.1+3.5MeV
Hofer'lch'rer', Elvira, Kubis, MeiBiner, PRL115, 092301

wTE,,
_3\. : 1{}

1
ZNU\'(p) |MSS|N(p)) =45.6+£6.2MeV
Alexandrou, et al., PRD102, 054517
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Constraints from data
1 B global QCD analysis
A, (0, 1) = J-o dXX[Q(X’ Ho) + T (X, /uo)] = <Xq > (1p) =1= Ay (0, 1) at NNLO

A (0,14,=13GeV)=0613 CT18 (MMHT2014,NNPDF)

8Cg +2n;
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O, u)=
A(0.4) A4C_ +n, A4C. +n o, (1)

(N(p) | Mm@y | N(p)y =(N(p)|m,Tu+m,dd +m3s|N(p))=2M (o, +0;)

- =—< (p)] mu ~ % (Gu+dd)|N(p)) =59.1+3.5MeV
Hofer'lch'ter' Elvira, Kubis, Meiner, PRL115, 092301

s =m1(N(p) Im35|N(p)) =45.616.2 I\/IevAlexcmdr'ou et al., PRD102, 054517 -~ GD{;
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NNLO update of Ji's decomposition

KT, arXiv:2511.18310
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New 4-term decomposition in NNLO QCD

KT, arXiv:2511.18310
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New 4-term decomposition in NNLO QCD

KT, arXiv:2511.18310
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