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@ STATUS OF THE EXTRACTION OF UNPOLARIZED TMD: DY, SIDIS (SEE TALK OF A. VLADIMIROV).
@PREDICTIONS FOR UNEXPLORED BOSON SPECTRUM: ERRORS

@PREDICTIONS FOR W (Z) SPECTRUM

@ SURPRISE!!
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Data se

High Energy (only DY):
LHC+TeVatron

Low Energy (DY+SIDIS)
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Unpolarized TMD and data

Fit from DY:
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1T'MD vahdity range
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Non perturbative TMD eftects at LHC

dotest — AoOTMD
dotest + doTMD
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F. Hautmann, 1.S., A. Vladimirov Phys.Lett.B 806 (2020) 135478



Non perturbative TMD eftects at 1.LHC

T™MD.

We have tested several simple models for LHC with/without NP effects 1in

A non-perturbative part on evolution kernel 1s always necessary and 1t 1s
present 1n every code. We tested several possibilities.
Models with an fNP different from 1 give better agreement with LHC data.

Case Byp gk A1 (fvp = exp—1b*) | x*/dof | x*/dof(@morm.)
1 5.5 (max) | 0.116 +0.002 1073 (fixed) 3.29 3.04
2 22+04 | 0.032 +0.006 0.29 + 0.02 1.50 1.28
Case Byp Co A1 x>/dof | x*/dof(norm.)
3 1. (min) | 0.016 + 0.001 1073 (fixed) 2.21 1.99
4 3.0+1.5 0.04 +0.02 0.27 +£0.04 1.61 1.36
Case Bnp g% A1 x*/dof | x*/dof(norm.)
5 1.34 + 0.01 0.16 + 0.01 1073 (fixed) 1.70 1.52
6 243 +0.66 | 0.05+0.02 0.24 + 0.04 1.49 1.28
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Z Drell-Yan pT dependence over a wide mass range
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W production

hil W@ ) > -l

¢ We need to control the ratio qT/Q

The fiducial cross section

do -

dm%dydq% 0

D. Gutierrez-Reyes,
S. Leal-Gomez, I.S.
arXiv: 2011.05351
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W production — hh W W) = 1H0) + @) e

S. Leal-Gomez, I.S.
arXiv: 2011.05351

¢ We need to control the ratio qT/Q
©Q The fiducial cross section
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h]_ h2 % W_l_ W_ % l_l_ l_ _I_ Vl ﬁl D. Gutierrez-Reyes,
S. Leal-Gomez, L.S.

arXiv: 2011.05351

production

T —— w{

We need to control the ratio qT/Q
The fiducial cross section
Relevant intervals (for reference ATLAS 13 TeV)

pp — W~ = ["iy. N°LL+NNLO

pp = W™ = [Ty N*LL+NNLO

pp — W~ = ["iy. N°LL4+NNLO

0171 N [ O B B 70— I S I L B L B B O L B B 70— IR ) L L B
60 L 50 < my < 66 GeV 4 60 - 50 < myp < 66 GeV 60 - 50 < mp < 66 GeV
50 : 66 < myp < 99 GeV 50 : 66 < myp < 99 GeV 50 : 66 < myp < 99 GeV
] QU — pr— I —t (— ol o
D - 1 = - i = - .
g 40— . ~ 40— — g_ 40— —
2 ..F 1 =& ..F 1 =B ..F ]
e SO = = I .
S | = " ] ..S = ~ - =) ‘ = - —
SIS 20 = T 201 Pl > 25 GeV, 30 < p < 50 GeV, || < 2.4 = IS0k | | -
- . . - 30 < pl < 50 GeV, 30 < pf. < 50 GeV, || < 2.4 -
0 P > 25 GeV, ph > 25 GeV, || < 2.4 —: 10 —: 10 i,—l_‘—\_l_‘_ _:
OE I S RS R S N S N W I B R 0 PRI N AN TN T SN T N SN T N S S SN M S T S T oL 1 | v T Tt Lo

0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20

gr(GeV) qr(GeV) gr(GeV)
pp — W™ = 7. N°LL+NNLO pp — W= = =i, N°LL+NNLO pp — W~ — =% N°LL+NNLO
0-12_1 IS O Y I B B 0-12_| N [ I B B O B B 0-25_1 IS I B N B B B B
0.1 RR— 0.1 i P— _ - e
— E 50 < myp < 66 GeV - - E 50 < myp < 66 GeV - 0.2 ﬁ-)(] < my < 66 ((3(2 —]
— B o . Y\ : —- : Sy Y N\ : —_ B 66 < mry < 99 ;L‘ [ 1
[ 0080 . 66 < mr <99 GeV - I .08 B 66 < mr < 99 Gel = Iy - 200 < my < 120 GeV
st - === 99 < mqy < 120 GeV S - === 99 < my < 120 GeV % 015 ]
C N : O N : O " 30 < ph < 50 GeV, 30 < p < 50 GeV, || < 2.4 -
S 0.06 = 0.06 = : !

ol& L 1 &l& ¢ 1 ol & - -
S| F 1 2§ 1 =S ol .
e 0.04— — o 0.04 — o - ’
- |<1 . l . o 1~ ‘<1 n 1 |<1 N i
== = 25 GeV, pl > 25 GeV, <24 = . - 5 —
0.02 5l pr > 25 GeV, pp > 25 GeV, |y —] 0.02 P > 25 GeV, 30 < p. < 50 GeV, || < 2.4 — 0.05 |
0'_1||||||||||1|||||1||1||1- ().”||||||||1|||1||||11||1||" 0. PRI S T N N AN ST Y IR B

0 4 8 12 16 20 0 1 8 12 16 20 0 4 8 12 16 20

qr(GeV) qr(GeV) qr(GeV)

1.3



Theoretical errors...

_Theoretical uncertainties

i p analgsis (classical) ...

Ty

dQ?dyd(q3) 3N, 3@2 47

Hard
Scale
do 47 . P d2b ;
i Zzu ZZ?fG ot (bQ)\CV Q, c2Q) |2 Rf

1ol

S Fel o (b caflore Costions ) Frre 1, (@0, CABOPE Costiions)

Small b
Scale

C2Q Q

L=

CS,LLza Cc;g,u y C1 ,uz

Rapidity
Evolution

14



Scale variations in zeta-prescription
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Matching to PDF scale variation

C . . . .
LOPE = ( bO | 2) cy (Naive, these plots: overestimate in the non-perturbative region)

() . . . .
HOPE — (—064 + 2) (Future plots: error estimate in the perturbative region)

Input of the model
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SCALE VARIATIONS

Spectrum

NNPDF31 REPLICAS (1000)

97
0 1 8 12 16 20

NNPDF31 -
CT1d  eeee
HERA2D  eeee
MMHT14 e
PDFALHC

¢ The first 3 errors are the main ones:
Work in progress to reduce some of them
(scale variation, PDF sets: I. Scimemi : _
talk at DIS2021) e AT

PDF SETS

Ll()t)lt"rl""l'Tl 1
EXTRACTED TMD PARAMETERS © [ o0 o= :

0.998

from vair

0.996 ——11 1 l
0 4 3 12 16 20



‘/‘/ —I_ UNCORRELATED

iy
EPTOFS 111 pT /pT SCALE VARIATIONS

Spectrum

(Corr.)

CORRELATED

¢ Ongoing discussion on correlated Cra L i ol

Une. from s.v.

uncorrelated error

| doy, 1 doy-

Ratio: . N*LL+NNLO

Aoz de?' Aoy dq}!“

1'08llllll['llll]lllllllllll

NNPDF31 REPLICAS (1000)

Unc. from replicas

1.06 Z:66 < Q< 116 Ge\",p‘,f’ > 25 GeV, || < 2.4 —
- W66 < mp < 99 GeV, p.’.,L" > 25 GeV, || < 2.4 -
. 104 .
]
y— - p—
'73 }— —
m 1.02 103 T T 1 I T 1T 1 | L I L 1T T 1 ]
[ - B} 1‘02:_ NNP?I?’IH : ]
; ] = -
1. e — S A
()98 i L1 1 1 | L 1 1 1 | 1 11 1 | L 111 | L1 11 _ E‘TO'QQ;— — =
0 4 8 12 16 20 one :
0()7 | I I 11 1 1 I | I I | l I 1 1 1 I L1 1 l—
0 4 8 12 16 20




UNCORRELATED
SCALE VARIATIONS

- W= WT
F.rrors 1n Pr / P
Spectrum

CORRELATED

¢ Ongoing discussion on correlated Cra L i ol

uncorrelated error

1 dO'w'— 1 dO'n/+
AO'W'— dqr}V_ AO’WH» dq¥/+

1'05III|||III|IIII|IIII|IIII

Ratio:

. N°LL+NNLO

— W66 < myp <99 GeV, py’ > 25 GeV, || < 2.4 —

| NNPDF31 REPLICAS (1000)

W~ :66 < mp < 99 GeV, pi’ > 25 GeV. || < 2.4
1.025 ' Vi o

Ratio
(-

0.975 —
PDF SETS

0'95||||||||||||||||||||||||
0 1 8 12 16 20

1‘1IIIIIIIIIIIIIIIIIIIIIIII

Unc. from s.v. (Uncorr.)

0_9llllllllllllllllllllllll

0 4 8 12 16 20
gr (GeV)

lllllllllllllll]llllllll

= 1.00175

(Cor

Z 1.0005
-
B
&
=
S 0.99925

IIlIIIIIlIIIIII

Lo o b v v v v b vy
| 8 12 16 20

qr (GeV)

099811 |
0

1'015llll[llll]lllllllll]llll

Unc. from replicas

lllllll

4 8 12 16 20)
gr (GeV)
1.0125 _|,‘ 1T 1T I | L l 1T 1T 1 I T 177 | L
- T NNPDF3 |
| T MMHT14 _
= 1.00625+— PDFiLEC ]
% ~ s YT
fa
= B = HERA20 .
(W) | -
z 1. —— —
Z —_’_,—’I .
;;e‘ - B
=
S 0.09375)— ]
0.0R75L—L_L 1 | l [ | I L1 11 | [ | I L1 11
0] 4 b 12 16 20
gr (GeV)



Pythia tunings
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0.05,

0.04

(GeV)™!
g
)
L

dO’u'

1

Aow dq}f
o
o
N

0.01

0.
1.06

Comparison with CMS data

I | |

| |

I

I

- T === CMS: 1606.05864 ]
— === artemide —
— 0 GeV < my —
C pr>25GeV,|p| <25 |
| pHp-oWH X se+ 1.+ X ]
1 | | | l | I I I I I L

| 1 I 1 I l | | l | I I

0.05

0.04

(GeV) ™!
<
o
(W)

(lO'u'

1

Aow dq‘T‘ !
o
O
W)

0.01

0.
1.09
1.03
0.97
0.91

Ratio

Comparison with CMS data

| |

0 GeV < myp

P > 20 GeV, 5| < 2.1

=== CMS: 1606.05864

=== artemide

p+p->W+X-=>p+v,+X

_______________

IlllllllllIIII|III||IIII|IIII|III

ﬂ

= TTTTTTT

,,

2]



Comparison with data

CDF /s =18 TeV | DO /s =1.8 TeV | ATLAS | CMS ev | CMS uv
Number of points 10 10 2 4 4
NNPDF31 0.540 1.485 0.463 1.674 3.165
HERA20 0.469 1.591 0.271 1.563 3.721

Work in progress: S. Leal-Gomez, J.J. Sanz Cillero, I. S., A. Vladimirov
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Conclusions

Breat progrese in the extraction of unpolarized TMD: Predictiong for W, Z euccessful (BMS effecte?)
W production ig included in Artemide. W and DY data at LHC can be largely improved looking at neglected regiong
ot phage gpace and reducing the binning
Ongoing work for reduction of errorg in TMD extraction and predictiong
POF get dependence of TMD ig removed with flavor dependent modelg
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1T'™MD vahdity range

qr/Q 5 0.25
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I'™MD and PDF sets: bias removing

Work in progress with M. Bury, F. Hautmann, S. Leal Gomez, A. Vladimirov, P. Zurita

¢Spread among different sets

1 rd
dy X /
Fyen(z,b) = Z/ ?Cﬁ—f’(ya Ljiops, @s(LOPE)) ffn " HOPE |§
i x
N _ __ - - = |
) )\1(1 — x) + Aoz + £U(]. — ))\5 o "i, L )ox + Sl'(]. — 28))\5 9
‘“ fnp(z,b) = exp | — V1T hazhib? b } fnp(z,b) 70 S - b
b 34 i )
SV19 ansatz: A . BHLSVZ21 ansatz: P —Clef.
| DNP(CE, b) = exp _771Z—|—772( _z) 14+n1— Hﬁ DNP(.CE,b) = m'.h
| T \/1+1m3(b/2)? 22 22 ) |

The non-perturbative ansatz used in previous fits is too rigid:
We need flavor dependence of the ansatz to compensate the differences in different PDF
sets
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T™MD and PDF sets:

preliminary results

PDF x?/N
NNPDF31 | 0.97
HERA20 | 0.90
CT18 0.98
MSHT20 | 0.88

The spread in the fit quality does not depend on PDF sets



