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OPAL [43] incl. 13 89 4.9 4.8
Tpc [44] incl. 13 53 6.0 6.9
uds tag 6 1.9 2.1 1.7
c tag 6 4.0 4.5 4.1
b tag 6 8.6 8.8 8.6
BABAR [10] incl. 41 108.7  54.3 37.1
BELLE [9] incl. 76 11.8 109 11.0
NORM. SHIFTS 7.4 6.8 7.1
TOTAL: 288 241.0 190.0 175.2
oy v
/ AX%O—NLO = 5177
too good: no need of HO!? AXAio_NNLOo = 14.877

over-fitting a single data type:
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D. Anderle, M. Stratmann, F. Ringer, Phys. Rev. D 92, 114010 2015

SIA only
experiment data # data N
type in fit LO NLO NNLO
SLD [40] incl. 23 15.0 148 155
uds tag 14 9.7 18.7 18.8
¢ tag 14 104 21.0 204
b tag 14 5.9 7.1 8.4
ALEPH [41] incl. 17 19.2  12.8 12.6
DELPHI [42] incl. 15 7.4 9.0 9.9
uds tag 15 8.3 3.8 4.3
b tag 15 8.5 4.5 4.0
OPAL [43] incl. 13 89 4.9 4.8
Tpc [44] incl. 13 53 6.0 6.9
uds tag 6 1.9 2.1 1.7
c tag 6 4.0 4.5 4.1
b tag 6 8.6 8.8 8.6
BABAR [10] incl. 41 108.7  54.3 37.1
BELLE [9] incl. 76 11.8 109 11.0
NORM. SHIFTS 7.4 6.8 7.1
TOTAL: 288 241.0 190.0 175.2
oy v
/ AX%O—NLO = 5177
too good: no need of HO!? AXAio_NNLOo = 14.877

over-fitting a single data type: in DSS 14 Xz74/data = 1.3



How good are our theory approximations?

=Py illustrative example: NNLO studies

D. Anderle, M. Stratmann, F. Ringer, Phys. Rev. D 92, 114010 2015

SIA only
: 5 S R B IR I I B LA LI I
experiment data # data  x 18 = o%e” — 11X K-factor e
type in fit LO NLO NNLO 1.6 | computed with NLO FFs I
SLD [40] incl. 23 15.0 148 155 I R ] ~
uds tag 14 9.7 187 18.8 12 //
C tag 14 104 210 204 | e TP PRREE —
b tag 14 5.9 il 8.4 0.8 _IQ_}OSGIGVIIIIII_
ALEPH [41] incl. 17 19.2  12.8 12.6 L P T T
DELPHI [42] incl. 15 7.4 9.0 9.9 Lo [ T 4o (NNLO)/do(NLO) e
uds tag 15 8.3 3.8 4.3 D A e e 7T
b tag 15 8.5 4.5 4.0 N A
OPAL [43] incl. 13 8.9 4.9 4.8 B ]
TpC [44] incl. 13 5.3 6.0 6.9 05 [ Q=290GeV 1
uds tag 6 1.9 2.1 1.7 e
¢ tag 6 4.0 4.5 4.1 18 b k.
b tag 6 8.6 8.8 8.6 16 [ Pt
BABAR [10] incl. 41 108.7 54.3  37.1 14 E oo aeem-T 7 5
BELLE [9] incl. 76 11.8 109 11.0 12 _
NORM. SHIFTS 7.4 6.8 7.1 0; (02912 GeV E
TOTAL: 288  241.0 190.0° 175.2 Sl e L e 1
vy v 0.1 02 03 04 05 0.6 0.7 0.8 7 0.9
/ AX%O—NLO = 5177 do™ (N™LO)
too good: no need of HO!? AX3ro_nNLo = 14.877 K =

do™(N™1LO)
over-fitting a single data type: in DSS 14 Xz74/data = 1.3



How good are our theory approximations?

=Py illustrative example: NNLO studies

D. Anderle, M. Stratmann, F. Ringer, Phys. Rev. D 92, 114010 2015

SIA only 40% correction from LO to NLO \

: 5 S L I B U LA I B LA IR I
experiment data # data  x 18 = o%e” — 11X K-factor e
type in fit LO NLO NNLO 1.6 | computed with NLO FRs B T
SLD [40] incl. 23 15.0 148 155 . B ] ~
uds tag 14 9.7 187 18.8 12 //
C tag 14 104 210 204 | e TP PRREE —
b tag 14 5.9 il 8.4 0.8 _IQz}OSGIeVIIIIII_
ALEPH [41] incl. 17 19.2  12.8 12.6 L P T T
DELPHI [42] incl. 15 7.4 9.0 9.9 Lo [ T 4o (NNLO)/do(NLO) e
uds tag 15 8.3 3.8 4.3 D A e e 7T
b tag 15 8.5 4.5 4.0 N A
OPAL [43] incl. 13 8.9 4.9 4.8 B ]
Trc [44] incl. 13 5.3 6.0 6.9 0s [ Q=290Gev 1
uds tag 6 1.9 2.1 1.7 e
¢ tag 6 4.0 4.5 4.1 18 b k.
b tag 6 8.6 8.8 8.6 16 [ Pt
BABAR [10] incl. 41 108.7 54.3 371 14 E oo aeem-T 7 5
BELLE [9] incl. 76 11.8 109 11.0 12 _
NORM. SHIFTS 7.4 6.8 7.1 0; (02912 GeV E

TOTAL: 288  241.0 190.0° 175.2 A P P P A A

vy v 0.1 02 03 04 05 0.6 0.7 0.8 7 0.9

2
| / AXio-yro =51 _ do™(N™LO)
too good: no need of HO! AX3ro_nNLo = 14.877 K =

do™(N™1LO)
over-fitting a single data type: in DSS 14 Xz74/data = 1.3



How good are our theory approximations?

=Py illustrative example: NNLO studies

D. Anderle, M. Stratmann, F. Ringer, Phys. Rev. D 92, 114010 2015

SIA only 40% correction from LO to NLO \ II 0% correction from NLO to NNLO

: 5 S L I I W B ) B B LA IR I
experiment data # data  x 18 = ofe” — X K-fucto e
type in fit LO NLO NNLO 1.6 = computed with NLO FKs I
SLD [40] incl. 23 15.0 148  15.5 PN S A S ] -
uds tag 14 9.7 187 18.8 12 //
C tag 14 104 210 204 1 PPN —
b tag 14 5.9 7.1 8.4 0.8 _IQz}OSGIeVIIIIII_
ALEPH [41] incl. 17 19.2  12.8 12.6 L P T T
DELPHI [42] incl. 15 7.4 9.0 9.9 Lo [ T 4o (NNLO)/do(NLO) e
uds tag 15 8.3 3.8 4.3 I A i 7T
b tag 15 8.5 4.5 4.0 1:2 P T T T TTT T A
OPAL [43] incl. 13 8.9 4.9 4.8 e ————— ]
Tpc [44] incl. 13 5.3 6.0 6.9 0s L Q=290GeV b
uds tag 6 1.9 2.1 1.7 e
¢ tag 6 4.0 4.5 4.1 18 b k.
b tag 6 8.6 8.8 8.6 16 | T
BABAR [10] incl. 41 108.7 54.3  37.1 4 C oo emT -7 .
BELLE [9] incl. 76 11.8 109 11.0 12 _
NORM. SHIFTS 7.4 6.8 7.1 0; 02 912Gev E

TOTAL: 288  241.0 190.0° 175.2 A P P P A A

vy v 0.1 02 03 04 05 0.6 0.7 0.8 7 0.9

2
| / AXio-yro =51 _ do™(N™LO)
too good: no need of HO!? AX3ro_nNLo = 14.877 K =

do™(N™1LO)
over-fitting a single data type: in DSS 14 Xz74/data = 1.3
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=Py illustrative example: NNLO studies

D. Anderle, M. Stratmann, F. Ringer, Phys. Rev. D 92, 114010 2015
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e\
O/l — — Kiretzer NLO
Nﬁ N, DSS 14 NLO
D incl. 90% C.L. band 4

singlet X
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1 10 7 1




How good are our theory approximations?

=Py illustrative example: NNLO studies

D. Anderle, M. Stratmann, F. Ringer, Phys. Rev. D 92, 114010 2015
NNLO NLO LO

A

2 s __ __ 2
~ : :
‘oIS — 415
N ] ]
+Lav—< 1 _: _: 1
0.5 . J0.s
P | 1 1 L1 o1 .\: :
2 _I LI II I I I I LI II_ =
- —— NNLO . . § .
| --- NLO ] —
.l = NL 1 1o DSSI4NLO 90% CL bands
<~ b — — Kretzer NLO ~ ; T _
N‘\ - . seeeees DSS 14 NLO - - AX 62
~ b incl. 90% C.L. band i — 4
; 12
1[ singlet 2 ]
] I 1 1
L1 11 O

1
1 10 7 1



How good are our theory approximations?

=Py illustrative example: NNLO studies

D. Anderle, M. Stratmann, F. Ringer, Phys. Rev. D 92, 114010 2015

NNLO NLO LO
S

DSS14 NLO 90% CL bands
Ax? = 62

— — Kretzer NLO

------- DSS 14 NLO
incl. 90% C.L. band

SIA only fit can constrain the singlet
agree with the full fit at NLO

SIA only fit at LO outside 90% CL band

1
10 7 1



How good are our theory approximations?

= illustrative example: pp



How good are our theory approximations?

1 LI 1 I

= illustrative example: pp 10:1 '

N
3
B d
dp
10" \
no NINLO calculation yet, no real error estimate =
N
large factorization scale dependence at NLO 0L X
-6
10

|'J'EO'|"'| L L I
% [mb/GeV’]

o PHENIX data

not fitted ‘I
7TE ]
10 3 § E
10 -8+ ——— THIS FIT B ]
E with 68 and 90% C.L. bands S~ E
OF 3
0 L ---- DSS .
E | | I TR
O 8 :_I LI I LINILIAL I LI I LI I LI I 1 I I LI I 1 I LI I—:
06 b (data - theory) / theory :
04 =
02 =
vE Mgy :
; \ 5y B
'0'25 AN - \‘:% -~ 3
_0.4 L1 1 1 1 L1 1 L1 1 I L1 1 I L1 1 I L1 1 I I 1 I 11—

 F
I scale variation: p/2 < u < 2p -
BN PDF uncertainty -

0.5 F

0 :

—O.S-I\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_-

2 4 6 8 10 12 14 16 18
pr [GeV]




How good are our theory approximations?

[Em—

10
10

— —_— [ — [ —
(@) (@) ) ] - -}
O w 9 &a L &2 LN o~

—_—
)

LI LI . I 1
N S 2
\ E [mb / GeV~]
O d 3
P
¢ PHENIX data
A\ %
not fitted L
- —— THISFIT Sl ]
E with 68 and 90% C.L. bands S~ E:
- - --- DSS . ]
EI 1 I I 11 I I 1 I 1 I I 11 I L1 1 I I |§
L I I BRI B I I INRAF
3 (data - theory) / theory :
AN TN T —|.%..|...—:
RLELELE IR | | LA B | | ]
I scale variation: p/2 < u < 2p -
- B PDF uncertainty E
-_I 11 I 11 1 I 11 1 I 11 1 I 11 1 I 11 I_-

2 4 6 8 10 12 14 16 18
pr [GeV]



How good are our theory approximations?

107 &

10
I F \\
| notfitted
10 F
of
10
-3 —— THIS FIT
10

\

with 68 and 90% C.L. bands
-4r ----DSS

I"'I'"I"'I"'I"'I"'I"'I'%
d30;|:0 ) §
Ed3 [ub/GeV] 7
P ’

R
(data - theory)/theory

—_ e = T ey o = T T

i

IIIIIIIIIIIIIIIIIIIIIIIIIIII_
scale variation: p/2 < w < 2p; 7

B PDF uncertainty (90% C.L.) o

18 20 22
pr [GeV]

10 12 14 16

1 LI LILIL I 1 \I 1 I LILIL I LI I LILIL) I LI I LILIL) I LILIL) I LU
0\ \\\ B 2
2 \ E [mb / GeV7]
10 ' dp’
3 N\
10 e
-4 N\
10 .\ ¢ PHENIX data
10" A\ N
F Dot fitted R
10 Yoy
7E o 3
10 ¢ TRNe E
-8F ——— THIS FIT S ;
10 ¢ with 68 and 90% C L. bands . E
OF 3
10 - --- DSS
EI 1 I 1 I 1 I L1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I 1 |§
O 8 : LI I LINILIAL I 1 I LI I LI I LI I LI I LI I LI I LI
o6 E (data - theory) / theory :
04 F 3
02 E + ‘%) E
0 F e 0=
02 “ ifi\:%’_-—% 1
_0.4 - L1 1 1 1 L1 1 L1 1 11 T I L1 1 I L1 1 I L1 1 I L1 1 I L1 I_-
1 LI LI I 1 I LI I 1 I I i
RO scale variation: p/2 < u < 2p -
05 L 4 7 B PDF uncertainty E
s\\ ]
_(),5'—.&... | | | Loyl | |y

s 10 12 14 16 18
pr [GeV]
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How good are our theory approximations!?

» heavy quarks masses: who cares!? M. Epele, C. Garcia Canal, RS 2rXIv:1604.08427
arXiv:1807.07495

negligible heavy quark contributions to light hadron SIDIS and pp

what about SIA? | ( BABAR_TPC LA - N
] . | “[LIGHT | CHARM | BOTTOM
cc and bb pairs copiously produced 0.8 1 || I 2 =031 |
0.6f | - b | S
at LEP energies mc and m, effects are negligible o4l |k - '/ .
) 0.2} / -5 S R
but at Belle and Babar? : % 4% Y
= 1.0 1 1 T
< P P 2 =051 i
= 0.8 MR
S 06f B
> 0l ]
= 02| | _ %
< 0 7 W7 \\ W i %4 |
. | 2 =081 |
' ZMVEN
0.61 R
AGMVFEN
0.4 b
0.27 - 100

0.0 .
101 102
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Heavy quark masses:

ZMVFEN
do “MV

L = 2 PMeQeDMEe)

1=q,9,h

M
2—2 = Z &M (Q,mp) ® DMQ) + 67M(Q, mp) @ DY



Heavy quark masses:

ZMVFEN
do “MV

L = 2 PMeQeDMEe)

1=q,9,h

dz
i=q,g
Joy GMVEN
= = Y 67M(Q,mp) ® DM(Q)



Heavy quark masses:

dUZMVFN
P S 65(2,Q) © DM (2,Q)
z
i=q,9,h (AT%V[(Qamh) f 0 (ATJZ (Q)®Aji(Q/mh)
d M " J=q,9,h
O- - A
1=q,9
do GMVEN
dz = Y oM@, mn) @ DFM(Q)
1=q,9,h



Heavy quark masses:

g 3
dO'ZMVFN N N
N T J 6 (Qmn) —— Y 67M(Q) ® Ayi(Q/m)
d M " j:q,g,h
o ~ A
o = 2_ 0. (Qmn) @ DIN(Q) + 63 (@ mn) © Dy
1—=q,g
BELLE TPC  LEP BELLE TPC  LEP
do GMVEN o o S P | G R R I
- = > 57M(Q,mp) ® DFM(Q) ok d _
1=q,g,h - 1z=05 08
10| ]
[ 1 06
oL ]
~GM M 1 B 4 04
o (vah) — Z o (Qamh)@)Az] (Q/mh) 6 ]
1=q,g,h E -4 02
o
DEM(m ) = Z Ajl(l)@)DiVI(mh) :
1=q,9,h g [ | —0.35
~FONLL ° AN
T E ’
6; é&%
F 1 02
S5t ]
45_ E 0.5
: i 1o
32_ | El: .. | ...jl :
10> Q 10° Q



Heavy quark masses:

S
= Q
=
=
|
ps
®
S
=
=
S

1=q,g,h 8i é&%
- ~ FONLL : 1.
7F ]
6; éa%
- 4 02

St ]
B Jo0.15

4 - ]
F 4 o1

3_— 4

2 2



Heavy quark masses:
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Heavy quark masses:

40.35
4 0.3
40.25

1 02

4 o0.15

e.g f(Q) =1-2mu/Q

4 0.1




Heavy quark masses:

g A
Jo ZMVFN
o = 2 M= eDM:Q)
N =09 h y
E do™ M M M M s
=2 07 (Qmn) ® DN(Q) + 63 (Qymn) ® Dy
1 1=q,9

---------------------------------------------
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

*
------------------------------------------------------------------------

GSM — 6FM = (1 - £(Q)) M + F(Q) 65

e.g. flQ)=1-2mu/Q



Heavy quark masses:

dO’ZMVFN 1
— = > ™(2,Q) ® D™(2,Q)
\ g J
E do™ A M M
v T ZUZ (Q,mn) @ Di (Q) + 63, (Q,mn) ® D
:~ 1=4q,9
é.‘ d GMVFEFN
: = > 57M(@Qmn) @ DFM(Q)
: i=q,g,h

1=q,9,h
DM(mp) = > Aji(1) @ DM(my)
1=q,9,h

e.g f(Q =1-2my/Q

o (@Qmn) —— D7 PQ) ® Ayi(@Q/ma)
" jz(]agah
experiment data # data ZMVFN GMVFEN
type in fit N; x> N; e
ALEPH [23] incl. 22 0968 21.6 0.994 23.3
BABAR [13] incl. 39 1.019 76.7 1.002 58.2
BELLE [14] incl. 78  1.044 195 1.019 11.0
DELPHI [24] incl. 17 0978 6.7 1.003 9.3
uds tag 17 0.978 20.8 1.003 9.5
b tag 17 0978 10.5 1.003 7.8
OPAL [25] incl. 21 0.946 27.9 0.970 15.9
SLD [26] incl. 28  0.938 28.0 0.963 9.5
uds tag 17 0.938 21.3 0.963 11.3
¢ tag 17 0.938 34.0 0.963 19.8
b tag 17 0938 11.1 0.963 9.9
Trc [27] incl. 17 0.997 31.7 1.006 27.9
uds tag 9 0.997 2.0 1.006 2.0
¢ tag 9 0997 59 1.006 4.3
b tag 9 0997 9.6 1.006 10.9
Compass [28] 7% (d) 398 1.003 378.7 1.008 382.9
HerMmEs [29] 7% (p) 64 0.981 74.0 0.986 69.9
7~ (d) 64  0.980 107.3 0.985 103.7
PHENIX [30] m’ 15  1.174 14.3 1.167 14.4
STAR [31] =, 7% 38  1.205 31.2 1.202 33.8
ALICE [32] m° 11 0.696 33.3 0.700 31.2
TOTAL: 924 966.4 875.8




Heavy quark masses:

Jo ZMVFN - o M
- = 07 (2,Q) @ D7 (2,Q)
i:qagah ~M ~7ZM
— J o; (Q,mp) — Z 07(Q) ® Ajs(Q/mp)
P " mh—>0 ]
: p M ' J=q,9,h
o)
E ~M M M
:E — op (Q?mh)®Dz (Q)—i_o-h (Qamh)®Dh :
1
1 1=q,9g 1
N e e o o m E o e E m e e e e Em E e e Ee m e e e e e e e e o -
AL S A pe——" e 0. TGN GV
= d GMVEFN . OM M type in fit N; x> N; e
P— — E o;(Q,mp) ® D7 (Q) ALEPH [23] incl. 22 0.968 21.6 0.994 23.3
: dz i—a.a.h BABAR [13]  incl. 39 1.019 76.7 1.002 58.2
e eereemeErrremaEErremsEerteRSEErEanaSErrenaLrrenn—rran————— BELLE [14] incl. 78 1044 195 1.019 11.0
DELPHI [24]  incl. 17 0978 6.7 1.003 9.3
uds tag 17 0.978 20.8 1.003 9.5
b tag 17 0978 10.5 1.003 7.8
5~GM _ Z M -1 OPAL [25] incl. 21  0.946 27.9 0970 15.9
o mp) = o mp) QA m
J (Q;mn) o (@mn) tJ (Q/mn) SLD [26] incl. 28  0.938 28.0 0.963 9.5
1=q,9,h uds tag 17 0.938 21.3 0.963 11.3
GM M ¢ tag 17 0938 34.0 0.963 19.8
DfM(mp) = ) Aj(1) @ DY (my) btag 17 0938 11.1 0.963 9.9
i=q,9,h Tpc [27] incl. 17 0.997 31.7 1.006 27.9
~ FONLL uds tag 9 0.997 2.0 1.006 2.0
¢ tag 9 0997 59 1.006 4.3
b tag 9 0997 9.6 1.006 10.9
CoMmPAss [28] #+ (d) 398 1.003 378.7 1.008 382.9
~GM GM* ~M ~GM
o;" — o =(1-f(Q)) 6 + f(Q) &, HErMES [29] 7% (p) 64 0981 740 0.986 69.9
7~ (d) 64  0.980 107.3 0.985 103.7
_ 1 _ PHENIX [30] w0 15  1.174 14.3 1.167 14.4
e.g. f(Q) =1-2mu/Q STAR [31] 7% 38 1.205 31.2 1.202 33.8
2 ALICE [32] m° 11 0.696 33.3 0.700 31.2
much better X TOTAL: 021 > 966.4 875.8




Heavy quark masses:

Jo ZMVFN A
ZM ZM
7 E 077 (2,Q) @ DI (2,Q)
Z_qagah "M M
\ J 0, (Q,mp) — (Q) ® Aji(Q/mp)
T TR EEEEEEEEEEEEEEEEEER R \‘ mh_>0 ]—qgh
[ ] M — Y
1 dO- 1
' ~M M M
— = o mp) Q D, + o mp) Q@ D : :
y dz 2 6 (@Qmn) ® DINQ) + 631 (Qmn) © Dy normallzatlons/\
' 1=4,9 '
N o ke E E E E E E E E Em Em Ee Em Em Em E Em Em Em Em Em E E E Ee Ee e E -
ek G MVFN ...................................................... 5 me———" a2 o 21\ N GMVFN
: d A type in fit
it — E 65M(Q, mp) @ DYM(Q) ALEPH [23]  imcl 22 oags 76 94 733
: dz o h ; BABAR [13]  incl. 39 < 1.019  76.7 1.002 = 58.2
et tematreesseremsEEremssEefessEreRsEEEERSSEEEESSSEreRsESrensssrrens BELLE [14] incl. 78 1044 195 10019 11.0
DELPHI [24]  incl. 17 0978 6.7 1.003 9.3
uds tag 17 0.978 20.8 1.003 9.5
b tag 17 0978 10.5 1.003 7.8
~GM _ Z M -1 OPAL [25] incl. 21  0.946 27.9 0.970 15.9
o mp) = o mp) QA m
J (Q;mn) o (@) *J (Q/mn) SLD [26] incl. 28  0.938 28.0 0.963 9.5
1=q,9,h uds tag 17 0.938 21.3 0.963 11.3
aM M ¢ tag 17 0.938 34.0 0.963 19.8
DfM(mp) = > Aj(1) @ DY (my) btag 17 0938 11.1 0.963 9.9
i=q,g,h Tpc [27 incl. 17 0.997 31.7 1.006 27.9
q,9,
~ FONLL uds tag 9 0.997 2.0 1.006 2.0
¢ tag 9 0997 59 1.006 4.3
b tag 9 0997 9.6 1.006 10.9
CoMmpAss [28] n+ (d) 398 1.003 378.7 1.008 382.9
~GM GM* ~M ~GM
o;" — o =(1-f(Q)) 6 + f(Q) &, HerMES [29] 7% (p) 64 0.981 740 0.986 69.9
= (d) 64  0.980 107.3 0.985 103.7
_ 1 _ PHENIX [30] w0 15  1.174 14.3 1.167 14.4
e.g. f(Q)=1-2m/Q STAR [31] 7% 38 1205 312 1.202 33.8
2 ALICE [32] m° 11 0.696 33.3 0.700 31.2
much better X TOTAL: 021 > 966.4 875.8




Heavy quark masses:

do ZMVFN o o A
7 = Z o7 (2,Q) ® D™ (2,Q)
\ g J 671 (Q, mp) — Z M(Q) @ Aj(Q/my)
T T T e EEEEEEEEEEEEEEEEE- IS mh—>0
; daM ' J=4,9,h
A 1
=2 07 (Qmn) ® DN(Q) + 63 (Qymn) ® Dy
:~ 1=q,9 N
R T T o 5 — dota % dota  ZMVEN AT,
o d GMVFEN aM oM type in fit N; x> N X
P — = Z 0;(Q,mp) ® D (Q) ALEPH [23] incl. 22 0.068 21.6 0.994 23.3
: dz o h ; BABAR [13]  incl. 39 < 1.019 76.7 1.002 = 58.2
eeettesssirresssserresssseriesssstressssseresssssiesssssereensssereens BELLE [14] incl. 78 1.044 19.5 1.019 110
DELPHI [24] incl. 17 0978 6.7 1.003 9.3
uds tag 17 0.978 20.8 1.003 9.5
b tag 17 0.978 10.5 1.003 7.8
OPAL [25] incl. 21  0.946 27.9 0970 15.9
SLD [26] incl. 28 0938 28.0 0.963 9.5
uds tag 17 0.938 21.3 0.963 11.3
¢ tag 17 0.938 34.0 0.963 19.8
b tag 17 0.938 11.1 0.963 9.9
Trc [27] incl. 17 0.997 31.7 1.006 27.9
uds tag 9 0.997 2.0 1.006 2.0
¢ tag 9 0997 59 1.006 4.3
b tag 9 0997 9.6 1.006 10.9
Compass [28] 7% (d) 398 1.003 378.7 1.008 382.9
HerMmES [29] 75 (p) 64  0.981 74.0 0.986 69.9
7~ (d) 64  0.980 107.3 0.985 103.7
PHENIX [30] m’ 15  1.174 14.3 1.167 14.4
STAR [31] =, 7% 38  1.205 31.2 1.202 33.8
ALICE [32] m° 11 0.696 33.3 0.700 31.2
TOTAL: 924 966.4 875.8
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| relative exp. error .
68 and 90 % C.L. uncertainty

1 1 1 1 1 1 1 |

0.2 04

0.2 0.4 0.8
Z

oM (Q,mp) — JZ (Q) ® A (Q/mp)
mp—0
J=4,9,h
experiment data # data ZMVFEN GMVFEN
type in fit N; x> N; X
ALEPH (23] incl. 22 0968 21.6 0.994 23.3
BABAR [13] incl. 39 © 1.019 76.7 1.002  58.2
BELLE [14] incl. 78  1.044 195 1.019 11.0
DELPHI [24] incl. 17 0978 6.7 1.003 9.3
uds tag 17 0.978 20.8 1.003 9.5
b tag 17 0.978 10.5 1.003 7.8
OPAL [25] incl. 21  0.946 27.9 0970 15.9
SLD [26] incl. 28 0938 28.0 0.963 9.5
uds tag 17 0.938 21.3 0.963 11.3
¢ tag 17 0.938 34.0 0.963 19.8
b tag 17 0.938 11.1 0.963 9.9
Trc [27] incl. 17 0.997 31.7 1.006 27.9
uds tag 9 0.997 2.0 1.006 2.0
¢ tag 9  0.997 59 1.006 4.3
b tag 9  0.997 9.6 1.006 10.9
Compass [28] 7+ (d) 398  1.003 378.7 1.008 382.9
HerMmESs [29] 7% (p) 64 0.981 74.0 0.986 69.9
7= (d) 64  0.980 107.3 0.985 103.7
PHENIX [30] w0 15  1.174 14.3 1.167 144
STAR [31] o, 7% 38  1.205 31.2 1.202 33.8
ALICE [32] m° 11 0.696 33.3 0.700 31.2
TOTAL: 924 966.4 875.8
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| relative exp. error .
68 and 90 % C.L. uncertainty

1 1 1 1 1 1 1 |

0.2 04

0.8

0.2 0.4 0.8

Z

experiment data # data ZMVFN GMVFEN
type in fit N; x> N; X
ALEPH (23] incl. 22 0968 21.6 0.994 23.3
BABAR [13] incl. 39 © 1.019 76.7 1.002 58.2
BELLE [14] incl. 78  1.044 195 1.019 11.0
DELPHI [24] incl. 17 0978 6.7 1.003 9.3
uds tag 17 0.978 20.8 1.003 9.5
b tag 17 0.978 10.5 1.003 7.8
OPAL [25] incl. 21  0.946 27.9 0970 15.9
SLD [26] incl. 28 0938 28.0 0.963 9.5
uds tag 17 0.938 21.3 0.963 11.3
¢ tag 17 0.938 34.0 0.963 19.8
b tag 17 0.938 11.1 0.963 9.9
Trc [27] incl. 17 0.997 31.7 1.006 27.9
uds tag 9 0.997 2.0 1.006 2.0
¢ tag 9  0.997 59 1.006 4.3
b tag 9  0.997 9.6 1.006 10.9
Compass [28] 7+ (d) 398  1.003 378.7 1.008 382.9
HerMmESs [29] 7% (p) 64 0.981 74.0 0.986 69.9
7 (d) 64  0.980 107.3 0.985 103.7
PHENIX [30] w0 15  1.174 14.3 1.167 144
STAR [31] o, 7% 38  1.205 31.2 1.202 33.8
ALICE [32] m° 11 0.696 33.3 0.700 31.2
TOTAL: 924 966.4 875.8
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| relative exp. error .
68 and 90 % C.L. uncertainty
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0.2

04

0.2 0.4 0.8

Z

experiment data # data ZMVFN GMVFEN
type in fit N; x> N; X
ALEPH (23] incl. 22 0968 21.6 0.994 23.3
BABAR [13] incl. 39 © 1.019 76.7 1.002 58.2
BELLE [14] incl. 78  1.044 195 1.019 11.0
DELPHI [24] incl. 17 0978 6.7 1.003 9.3
uds tag 17 0.978 20.8 1.003 9.5
b tag 17 0.978 10.5 1.003 7.8
OPAL [25] incl. 21  0.946 27.9 0970 15.9
SLD [26] incl. 28 0938 28.0 0.963 9.5
uds tag 17 0.938 21.3 0.963 11.3
¢ tag 17 0.938 34.0 0.963 19.8
b tag 17 0.938 11.1 0.963 9.9
Trc [27] incl. 17 0.997 31.7 1.006 27.9
uds tag 9 0.997 2.0 1.006 2.0
¢ tag 9  0.997 59 1.006 4.3
b tag 9  0.997 9.6 1.006 10.9
Compass [28] 7+ (d) 398  1.003 378.7 1.008 382.9
HerMmESs [29] 7% (p) 64 0.981 74.0 0.986 69.9
7 (d) 64  0.980 107.3 0.985 103.7
PHENIX [30] w0 15  1.174 14.3 1.167 144
STAR [31] o, 7% 38  1.205 31.2 1.202 33.8
ALICE [32] m° 11 0.696 33.3 0.700 31.2
TOTAL: 924 966.4 875.8
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- BaBar: (data - theory)/theory
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I i il .
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. e GMVFN scheme ||.||: | L  GMVEN scheme ]
— o ZMVEN scheme l! !i — o ZMVEFN scheme ]
| | relative exp. error h || relative exp. error
- 68 and 90 % C.L. uncertainty Il 68 and 90 % C.L. uncertainty
i 1 1 1 1 1 1 1 " i 1 1 1 1 1 1 1 |
0.2 04 0.8 0.2 04 0.8

z z

experiment data # data ZMVFN GMVFEN
type in fit N; x> N; X
ALEPH (23] incl. 22 0968 21.6 0.994 23.3
BABAR [13] incl. 39 © 1.019 76.7 1.002 58.2
BELLE [14] incl. 78  1.044 195 1.019 11.0
DELPHI [24] incl. 17 0978 6.7 1.003 9.3
uds tag 17 0.978 20.8 1.003 9.5
b tag 17 0.978 10.5 1.003 7.8
OPAL [25] incl. 21  0.946 27.9 0970 15.9
SLD [26] incl. 28 0938 28.0 0.963 9.5
uds tag 17 0.938 21.3 0.963 11.3
¢ tag 17 0.938 34.0 0.963 19.8
b tag 17 0.938 11.1 0.963 9.9
Trc [27] incl. 17 0.997 31.7 1.006 27.9
uds tag 9 0.997 2.0 1.006 2.0
¢ tag 9  0.997 59 1.006 4.3
b tag 9  0.997 9.6 1.006 10.9
Compass [28] 7+ (d) 398  1.003 378.7 1.008 382.9
HerMmESs [29] 7% (p) 64 0.981 74.0 0.986 69.9
7 (d) 64  0.980 107.3 0.985 103.7
PHENIX [30] w0 15  1.174 14.3 1.167 144
STAR [31] o, 7% 38  1.205 31.2 1.202 33.8
ALICE [32] m° 11 0.696 33.3 0.700 31.2
TOTAL: 924 966.4 875.8
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e GMVEN scheme
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- BaBar: (data - theory)/theory
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e GMVEN scheme ]

o ZMVEN scheme g

| relative exp. error .
68 and 90 % C.L. uncertainty

1 1 1 1 1 1 1 |

0.2 04

0.2 0.4 0.8
Z

experiment data # data ZMVFEN GMVFEN
type in fit N; x> N; X
ALEPH (23] incl. 22 0968 21.6 0.994 23.3
BABAR [13] incl. 39 © 1.019 76.7 1.002 58.2
BELLE [14] incl. 78  1.044 195 1.019 11.0
DELPHI [24] incl. 17 0978 6.7 1.003 9.3
uds tag 17 0.978 20.8 1.003 9.5
b tag 17 0.978 10.5 1.003 7.8
OPAL [25] incl. 21  0.946 27.9 0970 15.9
SLD [26] incl. 28 0938 28.0 0.963 9.5
uds tag 17 0.938 21.3 0.963 11.3
¢ tag 17 0.938 34.0 0.963 19.8
b tag 17 0.938 11.1 0.963 9.9
Trc [27] incl. 17 0.997 31.7 1.006 27.9
uds tag 9 0.997 2.0 1.006 2.0
¢ tag 9  0.997 59 1.006 4.3
b tag 9  0.997 9.6 1.006 10.9
Compass [28] 7+ (d) 398  1.003 378.7 1.008 382.9
HerMmESs [29] 7% (p) 64 0.981 74.0 0.986 69.9
7= (d) 64  0.980 107.3 0.985 103.7
PHENIX [30] w0 15  1.174 14.3 1.167 144
STAR [31] o, 7% 38  1.205 31.2 1.202 33.8
ALICE [32] m° 11 0.696 33.3 0.700 31.2
TOTAL: 924 966.4 875.8
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| relative exp. error .
68 and 90 % C.L. uncertainty

1 1 1 1 1 1 1 |

0.2 04

0.2 0.4 0.8
Z

experiment data # data ZMVFEN GMVFEN
type in fit N; x> N; x°
ALEPH (23] incl. 22 0968 21.6 0.994 23.3
BABAR [13] incl. 39 © 1.019 76.7 1.002  58.2
BELLE [14] incl. 78  1.044 195 1.019 11.0
DELPHI [24] incl. 17 0978 6.7 1.003 9.3
uds tag 17 0.978 20.8 1.003 9.5
b tag 17 0.978 10.5 1.003 7.8
OPAL [25] incl. 21  0.946 27.9 0970 15.9
SLD [26] incl. 28 0938 28.0 0.963 9.5
uds tag 17 0.938 21.3 0.963 11.3
¢ tag 17 0.938 34.0 0.963 19.8
b tag 17 0.938 11.1 0.963 9.9
Trc [27] incl. 17 0.997 31.7 1.006 27.9
uds tag 9 0.997 2.0 1.006 2.0
¢ tag 9  0.997 59 1.006 4.3
b tag 9  0.997 9.6 1.006 10.9
Compass [28] 7+ (d) 398  1.003 378.7 1.008 382.9
HerMmESs [29] 7% (p) 64 0.981 74.0 0.986 69.9
7= (d) 64  0.980 107.3 0.985 103.7
PHENIX [30] w0 15  1.174 14.3 1.167 144
STAR [31] o, 7% 38  1.205 31.2 1.202 33.8
ALICE [32] m° 11 0.696 33.3 0.700 31.2
TOTAL: 924 966.4 875.8
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PDFs as inputs for FFs:

reweighing instead of full combined PDFs and FFs

avoid cumbersome minimization of a large number of parameters
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Conclusions:

Please, oh please, don’t trust Ay? =1
Please, don’t tell me MC sampling is equivalent Ax* =1
Please, don’t trust LO sets (and beware of the NLO)

Please, don’t tell me that heavy quark masses have no effects

SIDIS can actually constrain PDFs, if existing data do, then EIC...
not only competitive, but an excellent cross-check for the standard flavor discriminants

EIC will set a milestone for FFs precision, and their status as precision tools.



Thanks!
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