MAPTMD24: New insights on flavor
dependence in TMD extractions

arXiv 2405.13833

Transversity Workshop

Lorenzo Rossi

MAP Collaboration

INFN June éth

Istituto Nazionale di Fisica Nucleare

UNIVERSITA
DI PAVIA




MAPTMDZ24
MAPTMDZ22







TMD factorization — Drell-Yan process

Arnold, Metz and Schlegel, Phys.Rev.D 79 (2009)



https://inspirehep.net/literature/796530

TMD factorization — Drell-Yan process

Arnold, Metz and Schlegel, Phys.Rev.D 79 (2009)



https://inspirehep.net/literature/796530

TMD factorization — Drell-Yan process

Pp

Proton

In q% < 0% and M? <« Q? region:

Arnold, Metz and Schlegel, Phys.Rev.D 79 (2009)



https://inspirehep.net/literature/796530

TMD factorization — Drell-Yan process

In q% < 0% and M? <« Q? region:

Fip(za,zp,qr, Q) = xAxB”HDY(Q;,u)an(QQ)/d\bT\\bT|JO(|qTHbT\)ff(xA,bf_zr;,u, Ca) [} (xB,b7; 11, ()

a

Arnold, Metz and Schlegel, Phys.Rev.D 79 (2009)



https://inspirehep.net/literature/796530

TMD factorization — Drell-Yan process

In q% < 0% and M? <« Q? region:

Fiy(za, 2,971, Q) ZSIJACIJBHDY(Q;M)Z%(QQ)/d\bT\\bT|Jo(|qTHbT\)ff(SEA,b?r;u, Ca) [t (x5, bT; 1, CB)

a

Arnold, Metz and Schlegel, Phys.Rev.D 79 (2009)



https://inspirehep.net/literature/796530

TMD factorization — Drell-Yan process

In q% < 0% and M? <« Q? region:

Fiy(za, 2,971, Q) ZSIJACIJBHDY(Q;M)Z%(QQ)/d\bT\\bT|Jo(|qTHbT\)ff(SEA,b?r;u, Ca) [T (x5, bT; 1, CB)

a

Arnold, Metz and Schlegel, Phys.Rev.D 79 (2009)



https://inspirehep.net/literature/796530

TMD factorization — Drell-Yan process

Py phakn TMD PDFs
.............................................. qT
Proton = ™guark ; —— 3 T
antiquark
Proton
Py
0 2 2 2 S .
In 97 < Q7 and M*° < Q“ region: ~—

Fip(za,zp,qr, Q) = xACL’BHDY(Q;M)ZCa(QQ)/d\bT\\bT|J0(|QTHbT\)ff($A7b?r;ua Ca)f} (xB,b7; 11, ()

a

Arnold, Metz and Schlegel, Phys.Rev.D 79 (2009)



https://inspirehep.net/literature/796530

TMD factorization — Drell-Yan process

Py phekan TMD PDF's

In q% < 0% and M? <« Q? region:

Fip(za,zp,ar, Q) = an;BHDY(Q;M)an(Qz)/d\bT\\bT|JO(|qT\\bT\)ff(xA,’b%;u, () f2 (2, b3 11, )

a

Arnold, Metz and Schlegel, Phys.Rev.D 79 (2009)



https://inspirehep.net/literature/796530

TMD Factorization - SIDIS process

hadron
XL

I UU,T(X - s Hps P]%T, 0 2) — X Z H ?/U,T(Q ?, /42) szdeZPJ_f f (x, ki; //tz)Df1 _)h(Z, Pi; /42)5(2)(Zkl —Pyr+P))

+ Yy (0% Pr) + O(M*/Q%)

Bacchetta, Diehl, et al., JHEP 02 (2007) 2



TMD Factorization - SIDIS process

hadron
XL

I UU,T(X - s Hps P]%T, 0 2) = X Z H ?/U,T(Q ?, /42) szdeZPJ_f f (x, ki; //tz)Df1 _)h(Z, Pi; /42)5(2)(Zkl —Pyr+P))

+ Yy (0% Pr) + O(M*/Q%)

Bacchetta, Diehl, et al., JHEP 02 (2007) 2



TMD Factorization - SIDIS process

hadron
XL

photon

TMD PDF ki

Fyyr(x. 2 pup, Py, Q°) = x Z Hijyy 1(Q% 1) ,[deldzPlf 1 (x, K3; u D0z, P ut5P(zk, — Py + P))

+ Yy (0% Pr) + O(M*/Q%)

Bacchetta, Diehl, et al., JHEP 02 (2007) 2



TMD Factorization - SIDIS process

hadron
P
Fhr

TMD FF S

photon

TMD PDF ki

I UU,T(X - s Hps P,%T, 0 2) = X Z H ?/U,T(QZ, /42) IdszdZPl f (ki; ﬂz)Df %h(Z, Pi; /42)5(2)(Zkl —Pyr+P))

+ Yy (0% Pr) + O(M*/Q%)

Bacchetta, Diehl, et al., JHEP 02 (2007) 2



TMD Factorization - SIDIS process

hadron
P
Fhr

TMD FF S

photon

TMD PDF ki

I UU,T(X - s Hps P,%T, 0 2) = X Z H ?/U,T(Q ?, /42) szdeZPlf f (ki; ﬂz)Df %h(Z, Pi; /42)5(2)(Zkl —Pyr+P))

+ Yy (0% Pr) + O(M*/Q%)

o The dominates in the region where

Bacchetta, Diehl, et al., JHEP 02 (2007) 2



TMD Factorization - SIDIS process

hadron
P
Fhr

TMD FF S

photon

TMD PDF ki

I UU,T(X - s Hps P]%T, 0 2) = X Z H ?/U,T(Q ?, /42) szdeZPJ_f f (ki; ﬂz)Df %h(Z, Pi; /42)5(2)(Zkl —Pyr+P))

+ Yy (0% Pr) + O(M*/Q%)
o The dominates in the region where

O The Y term has been excluded in the MAP analysis |
Bacchetta, Diehl, et al., JHEP 02 (2007) 2



TMD Factorization - structure of TMDs

A HF d,u’
f?(xBa bT; Ui CF) = [C ®f1](x39 baéﬂb*’ ﬂg*)ﬁXp{ J //t' }/(,u’, Z:F)}

b,

(<o )| 02 2V b, Q)

//t%* Qo

Collins, “Foundations of Perturbative QCD”



TMD Factorization - structure of TMDs

A | dp
f?(xBa bTa /’tFa CF) — I|C 48]‘1]()(53, b*’ 'ub*, Iulg*)exp{ J //t, }/('M | Z:F) }

Kb,

(<o )| 02 2V b, Q)

//t;%* Qo

Collins, “Foundations of Perturbative QCD”



TMD Factorization - structure of TMDs

SR

 Collinear PDFs |
' (previous fit) |

, P s
F1Ceg, bri pp, ) = [C B i) (s b aﬂerXp{ J T CF)}

4 C -
o (_z)qu*,ﬂb*)/zl_] b2 (NP(x by ¢, O,)
Uz, Qo

Collins, “Foundations of Perturbative QCD”



TMD Factorlzatlon structure of TMDs

' Collmear PDFs P turbatlve Sudakov

| (previous fit) |

I\/Iatchmg Coeff o

m(per urbatlve calculable |

X (i )K(b*,ﬂbg/z lQ%] ~gk(br)/2 pNP (. bT;CaQO

Collins, “Foundations of Perturbative QCD”



TMD Factorlzatlon structure of TMDs

MatCh'”Q coeff o P& turbatlve Sudakov

M(per urbatlve calculable ,

» Collinear PDFs
| (previous fit) |

| Collins-Soper
kernel |

Collins, “Foundations of Perturbative QCD”



TMD Factorlzatlon structure of TMDs

I\/IatChlng coeff -
u(per urbatlve calculable ,

' Collinear PDFs | P turbatlve Sudakov |

| (previous fit) |

| Collins-Soper
kernel |

NP part of 5
__ Collins-Soper Kernel J

Collins, “Foundations of Perturbative QCD”



TMD Factorlzatlon structure of TMDs

, Collinear PDFs
| (previous fit) |

I\/Iatchlng Coeff o

u(per urbatlve calculable !

P turbatlve Sudakov

l

| 1 —
X[(— i's }l N (x bTaZ.: QO)
\ | i
i | )

\

| Collins-Soper

| NP part of ;
kernel J

__ Collins-Soper Kernel |

Collins, “Foundations of Perturbative QCD”



Collins, “Foundations of Perturbative QCD”

| Collins-Soper
kernel |

TMD Factorlzatlon structure of TMDs

‘ Colllnear PDFS P turbatlve Sudakov

| (previous fit) |

I\/Iatchlng Coeff o

u(per urbatlve calculable ,

}: Non perturbatlve part
| | of TMDs ;!

- . )

Fit extraction

/ part of |
_ Collins-Soper Kernel



MAPTMDZ22

0




MAPTMD22 extraction — starting point

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points

10°
i el ] —— e
. 107
< S E605
g  — E7T72
—— E288
‘~ 10° F — STAR
C - — — PHENIX
| —— CDF
. —— DO
1L LHCb
10 = —— CMS
: ATLAS
. — — HERMES
COMPASS
107° 10— 103

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points

10° ¢
Drell-Yan data 4:_ T =
484 all [/_Z—Z;EJ:Z//;—Z:
i A RO ———————————— -~ —— e
C*;103
¢ — K605
g  — E7T72
a1 102 :_: E288
C  — ?’%%]RNIX
| —— CDF
- — DO
: ATLAS
- —— HERMES
COMPASS
0 e C L C el
1010—5 10—4 103

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points

10° _
Drell-Yan data 4 e =
Py 1o LT TTL YT
C*;103 | |
cg — E605
SIDIS data o ,.|= i
SR B
1547 5
: ATLAS
- —— HERMES
COMPASS
100 C el e .
107° 10— 103

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points

3 -
® Perturbative aocuracy:N LL

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points

3 -
® Perturbative aocuracy:N LL

Accuracy Hand C K and yr YK PDFs/FFs and as evol.
LL I 0 I I 1 I
"""""""""""""""" NL 012 o
""""""""""""""" Ny 1.1+ 2 NnO
"""""""""""""" NNLL 123 _ NnO
NN 2 > s NNLO
N2 T e NNLO+NLO
N2 s ‘. NNLO
""""""""""""""" Nl ' o3 3 4  _nwoO

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points

3 -
® Perturbative aocuracy:N LL

Accuracy Hand C K and yr YK PDFs/FFs and as evol.
LL I 0 I I 1 I
"""""""""""""""" NL 012 o
""""""""""""""" Ny 1.1+ 2 NnO
"""""""""""""" NNLL 123 _ NnO
NN 2 > s NNLO
N2 T s CNNLO+NLO D>
N2 3 . ‘s NNLO
""""""""""""""" Nl ' o3 3 4  _nwoO

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points

3 -
® Perturbative aocuracy:N LL

Accuracy Hand C Kand yr Yk PDFs/FFs and as evol.
LL 0 3
NLL 0 1 2 LO
NLL 1 1 2 NLO
NNLL 1 2 3 NLO
NNLL 2 2 3 NNLO
N3LL 2 3 4 NNLO + NLO
NSLL 2 3 4 NNLO
N3LL’ 3 3 4 N3LO |, A
MMHT2014nnlo

t

;i

J

DSSH

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (lobal analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
3 -
® Perturbative accuracy: N LL

e Normalization of SIDIS multiplicities beyond NLL

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (lobal analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
3 -

® Perturbative accuracy: N LL

e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (lobal analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
3 -

® Perturbative accuracy: N LL

e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

k2 k2 k2

1
1 L L _
x, b7) o< F.T. of (e 714 + \gkie 915 4 \ge 910> g1(z) = N1 (1— 2)> 30

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (lobal analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
3 -

® Perturbative accuracy: N LL

e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

k2 k2 k2

1
1 L L _
x, b7) o< F.T. of (e 714 + \gkie 915 4 \ge 910> g1(z) = N1 (1— 2)> 30

Za bT, Q()) —F.T. <e—Pf/83A(Z) n }‘F PJ2_€ —Pi/gw(z))

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (lobal analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
3 -

® Perturbative accuracy: N LL

e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

, k2 , k2 k2 1
x,bT) x F.T. of (e 914 + Apk’je 91B 4 \ce 910> g1(x) = Ny (1— 2)> 30

Za bT, Q()) —F.T. <e—Pf/83A(Z) n }‘F PJ2_€ —Pi/gw(z))

b7
gx(b7) = —8227

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points

11 parameters for IMD PDF
+ 1 for NP evolution + 9 for

3 -
® Perturbative aocuracy:N LL

TMD FF

e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

k2 k2 k2

1
% br) o I.T. of (6 T+ ApkleT T + Ace glLC) g1(x) = N (1 —2)> 2
Z9 bT, Q()) —F.T. (e—Pi/&A(Z) n /IF PJz_e—Pf/&B(Z))

b7
gx(b7) = —8227

MAP Collaboration, JHEP 10 (2022) 6




MAPTMD22 extraction — starting point

® (lobal analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
3 -

® Perturbative accuracy: N LL

e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

MAP Collaboration, JHEP 10 (2022)



MAPTMD22 extraction — starting point

® (lobal analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
3 -

® Perturbative accuracy: N LL

e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

® Extremely good description: Y 2/ N data — 1 . 06

MAP Collaboration, JHEP 10 (2022)



MAPTMD24




MAPTMD22 MAPTMD24

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points

3 -
® Perturbative accuracy: N LL
e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

® Extremely good description: Y 2/ N data — 1 . 06

2405.13833



MAPTMD22 MAPTMD24

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
Same global data set

3 -
® Perturbative accuracy: N LL
e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

® Extremely good description: Y 2/ N data — 1 . 06

2405.13833



MAPTMD22 MAPTMD24

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
Same global data set

3
® Perturbative accuracy: N LL
e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

® Extremely good description: Y 2/ N data — 1 . 06

2405.13833



MAPTMD22 MAPTMD24

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
Same global data set

3
® Perturbative accuracy: N LL MMHT2014nnlo
DSS14-17 NLO

e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

® Extremely good description: Y 2/ N data — 1 . 06

2405.13833



MAPTMD22 MAPTMD24

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
Same global data set

3
® Perturbative accuracy: N LL MMHT2014nnlo NNPDF31NNLO
DSS14-17 NLO > MAPFF10NNLO

e Normalization of SIDIS multiplicities beyond NLL

® Number of fitted parameters: 217

® Extremely good description: Y 2/ N data — 1 . 06

2405.13833



MAPTMD22 MAPTMD24

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
Same global data set

3
® Perturbative accuracy: N LL MMHT2014nnlo NNPDF31NNLO
DSS14-17 NLO > MAPFF10NNLO

e Normalization of SIDIS multiplicities beyond NLL
Same approach

® Number of fitted parameters: 217

® Extremely good description: Y 2/ N data — 1 . 06

2405.13833



MAPTMD22 MAPTMD24

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
Same global data set

3
® Perturbative accuracy: N LL MMHT2014nnlo NNPDF31NNLO
DSS14-17 NLO > MAPFF10NNLO

e Normalization of SIDIS multiplicities beyond NLL
Same approach

® Number of fitted parameters: 217
Same parameterization

® Extremely good description: Y 2/ N data — 1 . 06

2405.13833



MAPTMD22 MAPTMD24

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
Same global data set

3
® Perturbative accuracy: N LL MMHT2014nnlo NNPDF31NNLO
DSS14-17 NLO > MAPFF10NNLO

e Normalization of SIDIS multiplicities beyond NLL
Same approach

® Number of fitted parameters: 217
Same parameterization

® Extremely good description: Y 2/ N data — 1 . 40

2405.13833



MAPTMD22 MAPTMD24

® (Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
Same global data set

3
® Perturbative accuracy: N LL MMHT2014nnlo NNPDF31NNLO
DSS14-17 NLO > MAPFF10NNLO

e Normalization of SIDIS multiplicities beyond NLL

Same approach
® Number of fitted parameters: 217

Same parameterization , Why does the
® Extremely good description: Y / N data — 1 . 40 )(2 get worse?

2405.13833



2405.13833

MAPTMD24 extraction

Data set X% /Ngat

Collinear sets DY total | SIDIS total | Total
MMHT + DSS (MAP22) 1.66 0.87 1.06
NNPDF + MAPFF (MAP24 FI) 1.58 1.34 1.40




2405.13833

MAPTMD24 extraction

Data set X% /Ngat

Collinear sets DY total | SIDIS total | Total
MMHT + DSS (MAP22) 1.66 0.87 1.06
NNPDF + MAPFF (MAP24 FI) 1.58 1.34 1.40




MAPTMD24 extraction

Data set X(Z) /Ngat

Collinear sets

DY total | SIDIS total

Total

MMHT + DSS (MAP22)
NNPDF + MAPFF (MAP24 FI)

1.66 0.87
1.58 1.34

1.06
1.40

0.5 s MAP24 FI | 0.035 -
MAP22
& o4 0.030 |
<« Q =2 GeV
- 0.025 |
- 0.020 |
o~
= 0.015 |
5 0-2 :
N’
S 0.010 |
0.1
S 0
0.005 |
0.0 - 0.000 |
2 1.2
L ——— - 1.0
0 - - - - - 0.8
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

2405.13833

N MAP24 FI
MAP22

Q = 100 GeV
x = 0.001

2 3
k1| [GeV]




=
30

chi”’(a:; k3 , Q, Q2)

2405.13833

MAPTMD24 extraction

=
N

| Data set X(Z) /Ngat
Collinear sets DY total | SIDIS total | Total
MMHT + DSS (MAP22) 1.66 0.87 1.06
NNPDF + MAPFF (MAP24 FI) 1.58 1.34 1.40
Q=2 GeV z:zzz: Q = 100 GeV
| | | I | 1.2
- —— — e —
0.25 0.50 0.75 |kJ_|1[O(?1rev] 1.25 1.50 1.75 2.00 0 1 Z‘kJ_l [GeV]S 4 5

TMD PDFs are compatible with MAP22



2405.13833

MAPTMD24 extraction

Data set X(Q) /Ngat

Collinear sets DY total |SIDIS total| Total
MMHT + DSS (MAP22) 1.66 0.87 1.06
NNPDF + MAPFF (MAP24 FI) 1.58 1.34 1.40

10



MAPTMD24 extraction

| Data set X(z) /Ngat

Collinear sets DY total |SIDIS total| Total
MMHT + DSS (MAP22) 1.66 0.87 1.06
NNPDF + MAPFF (MAP24 FI) 1.58 1.34 1.40

.~ MAP24 F1
0.4 - | MAP22
Q =2 GeV
0.3 1 z = 0.6
0.2 ;
0.1
0.0 - o
0.0 - : : -
0.0 0.2 0 6 0.8 1.0

2405.13833

4 0.
[P, | [GeV]

10



MAPTMD24 extraction

| Data set X% /Ngat
Collinear sets DY total | SIDIS total | Total
MMHT + DSS (MAP22) 1.66 0.87 1.06
NNPDF + MAPFF (MAP24 FI) 1.58 1.34 1.40
- . 2“2“3” MAPFF1.0nnlo

0.3 1 z = 0.6

® Approx NNLO
® NN approach

® New behaviors

® Smaller uncertainties

4 0.6 0.8 1.0
[P, | [GeV]

0.0 0.2 0.

2405.13833



MAPTMD24 extraction

Data set Nyt X(Q) /N gat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF

2405.13833

11



MAPTMD24 extraction

Data set Nyt X(Z) /N gat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF

2405.13833

Data set Ngax X(Q) /Ngat
DY collider total 251 2.06
Dy fixed target total | 233 1.24
HERMES total 344 0.71
COMPASS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

Data set Ngax X(Q) /Ngat
DY collider total 251 2.06
Dy fixed target total | 233 1.24
HERMES total 344 0.71
COMPASS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

2405.13833

Data set Nyt X(Z) /Ngat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF
Data set Ngat X(Q)/ Ndat
DY collider total 251 2.43
Dy fixed target total | 233 0.75
HERMES total 344 0.95
COMPASS total 1203 0.88
SIDIS total 1547 0.90
Total 2031 1.07
NNPDF + DSS

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

Data set Ngax X(Q) /Ngat
DY collider total 251 2.06
Dy fixed target total | 233 1.24
HERMES total 344 0.71
COMPASS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

2405.13833

Data set Nyt X(Z) /Ngat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF
Data set Ngat X(Q)/ Ndat
DY collider total 251 2.43
Dy fixed target total | 233 0.75
HERMES total 344 0.95
COMPASS total 1203 0.88
SIDIS total 1547 0.90
Total 2031 1.07
NNPDF + DSS

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

2405.13833

Data set Nyt X(Z) /Ngat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF
Data set Ngat X(Q)/ Ndat
DY collider total 251 2.43
Dy fixed target total | 233 0.75
HERMES total 344 0.95
COMPASS total 1203 0.88
SIDIS total 1547 0.90
Total 2031 1.07
NNPDF + DSS

Good agreement

Data set Ngax X(Q) /Ngat
DY collider total 251 2.06
Dy fixed target total | 233 1.24
HERMES total 344 0.71
COMPASS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

2405.13833

Data set Nyt X(Q) /Ngat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF
Data set Ngat X(Q)/ Ndat
DY collider total 251 2.43
Dy fixed target total | 233 0.75
HERMES total 344 0.95
COMPASS total 1203 0.88
SIDIS total 1547 0.90
Total 2031 1.07
NNPDF + DSS

Good agreement

Data set Ngat | X2/Ndat
DY collider total 201 2.01
Dy fixed target total | 233 1.11
HERMES total 344 2.51
COMPASS total 1203 0.99
SIDIS total 1547 1.33
Total 2031 1.39
MMHT + MAPFF
Data set Ndat | X35/Naat
DY collider total 251 2.06
Dy fixed target total | 233 1.24
HERMES total 344 0.71
COMPASS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

2405.13833

Data set Nyt X(Q) /Ngat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF
Data set Ngat X(Q)/ Ndat
DY collider total 251 2.43
Dy fixed target total | 233 0.75
HERMES total 344 0.95
COMPASS total 1203 0.88
SIDIS total 1547 0.90
Total 2031 1.07
NNPDF + DSS

Good agreement

Data set Ngat | X2/Ndat
DY collider total 201 2.01
Dy fixed target total | 233 1.11
HERMES total 344 2.51
COMPASS total 1203 0.99
SIDIS total 1547 1.33
Total 2031 1.39
MMHT + MAPFF
Data set Ndat | X35/Naat
DY collider total 251 2.06
Dy fixed target total | 233 1.24
HERMES total 344 0.71
COMPASS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

2405.13833

Data set Nyt X(Q) /Ngat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF
Data set Ngat X(Q)/ Ndat
DY collider total 251 2.43
Dy fixed target total | 233 0.75
HERMES total 344 0.95
COMPASS total 1203 0.88
SIDIS total 1547 0.90
Total 2031 1.07
NNPDF + DSS

Good agreement

Data set Ngat | X2/Ndat
DY collider total 201 2.01
Dy fixed target total | 233 1.11
HERMES total 344 2.51
COMPASS total 1203 0.99
SIDIS total 1547 1.33
Total 2031 1.39
MMHT + MAPFF
Data set Ndat | X35/Naat
DY collider total 251 2.06
Dy fixed target total | 233 1.24
HERMES total 344 0.71
COMPASS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

2405.13833

Data set Nyt X(Q) /Ngat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF
Data set Ngat X(Q)/ Ndat
DY collider total 251 2.43
Dy fixed target total | 233 0.75
HERMES total 344 0.95
COMPASS total 1203 0.88
SIDIS total 1547 0.90
Total 2031 1.07
NNPDF + DSS

Similar
worsening

Good agreement

Data set Ngat | X2/Ndat
DY collider total 201 2.01
Dy fixed target total | 233 1.11
HERMES total 344 2.51
COMPASS total 1203 0.99
SIDIS total 1547 1.33
Total 2031 1.39
MMHT + MAPFF
Data set Ndat | X35/Naat
DY collider total 251 2.06
Dy fixed target total | 233 1.24
HERMES total 344 0.71
COMPASS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

2405.13833

Data set Nyt X(Q) /Ngat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF
Data set Ngat X(Q)/ Ndat
DY collider total 251 2.43
Dy fixed target total | 233 0.75
HERMES total 344 0.95
COMPASS total 1203 0.88
SIDIS total 1547 0.90
Total 2031 1.07
NNPDF + DSS

Similar
worsening

Data set Ngat | X2/Ndat
DY collider total 201 2.01
Dy fixed target total | 233 1.11
HERMES total 344 2.51
COMPASS total 1203 0.99
SIDIS total 1547 1.33
Total 2031 1.39
MMHT + MAPFF
Data set Ndat | X35/Naat
DY collider total 251 2.06
Dy fixed target total | 233 1.24
HERMES total 344 0.71
COMPASS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

2405.13833

Data set Nyt x% /Ngat
DY collider total 251 2.14
Dy fixed target total | 233 0.68
HERMES total 344 2.72
COMPASS total 1203 0.99
SIDIS total 1547 1.38
Total 2031 1.40
NNPDF + MAPFF
Data set Ngat X(Q)/ Ndat
DY collider total 251 2.43
Dy fixed target total 233 0.75
- HERMES total 344 | 0.95
- COMPASS total 1203 | 0.88
SIDIS total 1547 0.90
Total 2031 1.07
NNPDF + DSS

Similar
worsening

Data set Ngat | X2/Ndat
DY collider total 251 2.01
Dy fixed target total | 233 1.11
HERMES total 344 2.51
COMPASS total 1203 0.99
SIDIS total 1547 1.33
Total 2031 1.39
MMHT + MAPFF
Data set Ngat | X3/Ndat
DY collider total 251 2.06
Dy fixed target total 233 1.24
HERMES total 344 0.71
COMPADSS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

2405.13833

Data set Nyt X(Q) /Ngat
DY collider total 251 2.14
Dy fixed target total 233 0.68
HERMES total 344 2.72
OMPA tota ) .94
SIDIS total 1547 1.38
Total 2031 1.40

NNPDF + MAPFF

Data set Nyas X% /Ngat
DY collider total 251 2.43
Dy fixed target total 233 0.75
- HERMES total 344 | 0.95
- COMPASS total 1203 | 0.88
SIDIS total 1547 0.90
Total 2031 1.07

NNPDF + DSS

Similar
worsening

Data set Ngat | X2/Ndat
DY collider total 251 2.01
Dy fixed target total 233 1.11
HERMES total 344 2.51
DM EPF ota | J.9Y
SIDIS total 1547 1.33
Total 2031 1.39
MMHT + MAPFF
Data set Ndat | X35/Naat
DY collider total 251 2.06
Dy fixed target total 233 1.24
HERMES total 344 0.71
COMPASS total 1203 0.92
SIDIS total 1547 0.87
Total 2031 1.06

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

Data set
DY collider t

Dy fixed targ
‘ HERMES tot
tC

SIDIS total
Total

NNI

Data set
DY collider t
Dy fixed targ

'HERMES to (5
COMPASS t, g
3

SIDIS total

Total 2031

1.07

ss05 13855 NNPDF + DSS

| Data set | Ngat X(Q)/Ndat
251 2.01
233 1.11
344 | 2.51 )
Why us? -
1547 |  1.33
2031 1.39
APFF
A Ndat X(Q)/Ndat
| — 251 | 2.06
233 | 1.24
e% 25 | 092
, 1203 | 0.92
N— 1547 | 0.87
Total 2031 | 1.06

MMHT + DSS (MAP22)

11



MAPTMD24 extraction

2405.13833



Solution:

2405.13833

MAPTMD24 extraction

12



MAPTMD24 extraction

Solution: Flavour dependence

2405.13833

12



MAPTMD24 extraction

Solution: Flavour dependence

@0
@

u,d
i, d

s (sea)

2405.13833

12



MAPTMD24 extraction

Solution: Flavour dependence

u,d

_ +
_— % e O o
iu,d u—r,

s (sea) d—nrn", ...

2405.13833

12



MAPTMD24 extraction

Solution: Flavour dependence

2405.13833

u,d
i, d

s (sea)

u— KT
_|_
U — 7 _
° S—>K+
_|_
d—>7l', d— KT

12



MAPTMD24 extraction

Solution: Flavour dependence

2405.13833

u,d
i, d

s (sea)

u— K+,
_|_
uUu—> 7 _
) S—>K+,
_|_
d—>7l',... d—>K+,...

Negative fragmenting mesons: charge conjugation

12



MAPTMD24 extraction

2405.13833



2405.13833

HERMES

MAPTMD24 extraction
e+p—oe+n+X
e+p—oe+n +X
e+p—oe+K +X
e+p—-e+K +X

+ deuteron target

13



2405.13833

HERMES

MAPTMD24 extraction
e+p—oe+n+X
e+p—oe+n +X
e+p—oe+K +X
e+p—-e+K +X

high sensitivity to flavour dependence

+ deuteron target

13



HERMES

COMPASS

2405.13833

MAPTMD24 extraction
e+p—>e+n+X
e+p—oe+n +X
e+p—oe+K +X
e+p—-e+K +X

high sensitivity to flavour dependence

+ deuteron target

deuteron target & unidentified final state hadron

13



HERMES

COMPASS

2405.13833

MAPTMD24 extraction
e+p—oe+n+X
e+p—oe+n +X
e+p—oe+K +X
e+p—-e+K +X

high sensitivity to flavour dependence

+ deuteron target

deuteron target & unidentified final state hadron

low sensitivity to flavour dependence

13



HERMES

COMPASS

Drell-Yan

2405.13833

MAPTMD24 extraction
e+p—oe+n+X
e+p—oe+n +X
e+p—oe+K +X
e+p—-e+K +X

high sensitivity to flavour dependence

+ deuteron target

deuteron target & unidentified final state hadron

low sensitivity to flavour dependence

qq in the initial state

13



HERMES

COMPASS

Drell-Yan

2405.13833

MAPTMD24 extraction
e+p—oe+n+X
e+p—oe+n +X
e+p—oe+K +X
e+p—-e+K +X

high sensitivity to flavour dependence

+ deuteron target

deuteron target & unidentified final state hadron

low sensitivity to flavour dependence

qq in the initial state

lowest sensitivity to flavour dependence

13



MAPTMD24 extraction - Results y°/N, . = 1.08
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MAPTMD24 extraction - TMD PDFs
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MAPTMD24 extraction - TMD PDFs
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MAPTMD24 extraction - TMD PDFs

Q = 2 GeV
1.2 - X = O.]_

Q =2 GeV
x = 0.01

SIS T
& & S

nw g
n g

fl(makinaQ2)

\:‘,,,,, o

O = —

'0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
k1| [GeV] k1| [GeV] k1| [GeV]

T — — ] - -]

| - - l Y | - 1

Very different k - behaviours!|——»|It changes also by varying x|

\ T 1 f | iy’ |
—_— e ———————— | . e e — e ———————— 15

2405.13833 -

e — e ——— —_— e —



MAPTMD24 extraction - TMD PDFs
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MAPTMD24 extraction - TMD PDFs
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MAPTMD24 extraction - TMD PDFs
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® MAPTMDZ24 will be the first flavour dependent extraction of unpolarized
quarks TMDs in the proton from a global fit

B We are finding significant differences between the flavors in the TMD PDFs.

B We are finding significant differences between different final hadrons in the
TMD FFs.

B We are finding a weak signal between different flavors in the same final hadron.
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N°LL

Data set Naat | XD | X5 | X6

Tevatron total 71 [(1.10(0.07|1.17
LHCb total 21 [3.5610.96 | 4.52
ATLAS total 72 13.54]10.82|4.36
CMS total 78 10.38 10.05]0.43
PHENIX 200 2 12.7611.04 | 3.80
STAR 510 7 (1.1210.26|1.38
DY collider total 201 | 1.3710.28|1.65
E288 200 GeV 30 10.1310.40(0.53
E288 300 GeV 39 10.160.26|0.42
E288 400 GeV 61 |0.11]0.080.19
E772 53 1 0.88 10.20 | 1.08
E605 50 10.7010.220.92
DY fixed-target total| 233 | 0.63 |0.31 | 0.94
HERMES total 344 [ 0.81(0.24|1.05
COMPASS total 1203 [ 0.67 |1 0.27 | 0.94
SIDIS total 1547 [ 0.70 | 0.26 | 0.96
Total 2031 (0.81(0.27|1.08
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Estimations made in sec. 5.3 demonstrate
that including KPCs results in an almost constant increment of the cross-section. The magnitude of

this correction depends on () and z. For typical LHC kinematics, the correction is around 1%, while
at Q ~ 4 — 5 GeV, the correction can reach 100%. Interestingly, the deficiency in normalization

for the TMD factorization at low energies has been reported by multiple groups. One could expect
that these problems will be resolved with the inclusion of KPC(Cs.



