STRENG

REF2020, EDINBURGH

Uncertainties and challenges in ' I'MD extraction

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

7-11/12/2020



do d*b o
Factorization dQ2dde% = 00 f; / 47_‘_ (b qT)Hflfz (Q’ )Ffl +—h, (zla s [y Cl)Ff2<—h2 (xZa s s C2)

Separation of NP effects

-3 do d*b . :
‘Scale-independent o — o Z / e'®ar) . (Q, Q){R[b (Q QQ)]}th(—hl (xl, b)F faha (xz, b) in evolution kernel and TMD
Factors! dQ=dydqy 7 4 T I e
— — (-prescription
E288(200) CMS (7TeV)
E288(300) ATLAS (7TeV) CMS (8TeV) -
CDF (runl) Data selection
£288(400) CDF (run2) ATLAS (8TeV) LHCb (7TeV) '
DO (runl)
E772 DO (run2) ATLAS (8TeV) LHCb (13TeV)
Statistical methods: U0
V7ij — ( g; ,stat + Uz ,unc 52.7 + Z g; ,COrT _7 corr

replicas of exp —

RESULTS
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Dl,f—)h(z7 b) = 22 / Zyz(cf%f' (v, L JLOPE? as(torr)) di ,f'—h (yaUOPE) Dnp(z,b)
fl
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| | fnp(z,b) = exp Al(l —2) +’\2‘”+‘”(1 — ‘”)’\51,2 t~ Ansatz for Artemide
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Dnp(x,b) = exp ( 7:1/21—:_73;((;;;) Zj) (1 . bZ) ,

e ——— . ———— e S —— — —_——_— - - -



Open que

o

o

<

Which data are sensitive to TMD?

Do TMD fits depend on the choice of PDF sets?
Do we have a unique fxe for all sets of PDF?
Do we need to reweigh the PDF sets?

Do fxr models depend of flavor?

Can we give sense to the extraction of PDF when including low qT data?
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We have tested several simple modeles for LHC with/without NP effects 1n

T™MD.

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 | Bwr 8K X Une = exp—Aib?) | X*/dof | x*fdof@ormy || .| D(br.5GeV) 1 Dlbr, M)
1 5.5 (max) | 0.116 +0.002 10~ (fixed) 3.29 3.04 o %
2 | 22+04 |0.032+0.006 0.29 + 0.02 1.50 1.28 . e
Case Byp Co A x>/dof | x*/dof(norm.) 08¢ 08}
3 1. (min) | 0.016 +0.001 10~>(fixed) 2.21 1.99 06} 08}
4 | 30+15 | 0.04+0.02 0.27 + 0.04 1.61 1.36 0af // == Case 2 0af —— Case 2
Case | Bur gk A x*[dof | x*[dof(norm.) || o,/ — T G
5 1.34 + 0.01 0.16 £ 0.01 10_3(ﬁxed) 1.70 1.52 A —=== Cfl(-"]?’i}l ht | Lo -=== Cfl(_l)lﬁ)'fll ht .
6 |243+066 | 0.05=0.02 0.24 + 0.04 1.49 1.28 s 2 : ¢ : 1 2 3 ¢
br[GeV™] br[GeV™]

F. Hautmann, L.S., A. Vladimirov Phys.Lett.B 806 (2020) 135478
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Recent extractions

Name Order Data set Model Comm.
Pavial7 | LO DY +SIDIS Dpert (1, b) + g2 % maX_prescription
SV17 NNLO DY Dpert (i, b) + cob* {-prescription
SV19 NNLO/N®LO | DY+SIDIS Dresum (1, b*) + cobb* (-prescription
Pavial9 | NNNLO DY Dpert (14, b) + g2 % + g2b % maX_prescription

0.6

04+

0.2

: DNp(bT, o= 4G€V)

/
/

SV19 [1912.06532]
SV17 [1706.01473]
Pavial9 [1912.07550]
Pavial7 [1703.10157]

Pavial9 with b,

4 5

Slide from A. Vladimirov



Data sensitivity

(c0) — (0)(0)

. Ao AO .
measures correlation between NP-parameter and cross-section
AO

AOexp.
reweigh the correlation by expected experimental uncertainty and shows feasible
regions

Correlation coefficient = p|o, O] =

Sensitivity coefficient = S[o, O] = p|o, O]

Experimental uncertainty = 1 %

Q[GeV]  mean sensitivity [1%] (0 < |y| < 0.4) Q[GeV] mean sensitivity [1%] (0.4 < |y| < 0.8) Q[GeV] mean sensitivity [1%] (0.8 < |y| < 1.2)
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200. + 0.5 200, 0.5 200.
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0 | l 0 l l 70
45, -+ 0. 45. + 0. 45.
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0. 1. 2.345678.101244.6.202428. 36.42. 50. 60. 75. QO.QT[GeV] 0. 1. 2345678 101244.6.202428. 36.42. 50. 60. 75. 90.qT[GeV] 0. 1. 2.345678.1012246.202428. 36.42. 50. 60. 75. 90.qT[GeV]
Q[GeV] mean sensitivity [1%] (1.2 < |y| < 1.6) Q[GeV] mean sensitivity [1%] (1.6 < |y| < 2.0) Q[GeV] mean sensitivity [1%] (2.0 < |y| < 2.4)
540. 540. 540.
440. L. 440.
350. 350.
0.75
270. 270.
200. 0.5 200.
150. 150.
110. +—0.25110
70. -—l 70.
45. T 0. 45. .
30. R 30. T 30. o
0. 1. 2.3456781012A4.6.20.2428. 36.42. 50. 60. 75. QO.QT[GeV] 0. 1. 2.34567810124.6.20.2428. 36.42. 50. 60. 75. QO.QT[GeV] 0. 1. 2.3.45678.101204.6.20.2428. 36.42. 50. 60. 75. 90.qT[GeV]
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d x
By ilebi—5 / gycf%f’(yaLuoPEvas(ﬂOPE))ff’(—h <§,MOPE> fnp (2, 0)
e

Gaussian?

Matching (Wilson)

Exponential?

coefficient NNLO

Why do TMD depend on PDF set choice?
In principle the TMD is independent but ...

xd(x,Q), comparison xd(x,Q), comparison
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Experimental uncertainty
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Difterences among PDF sets are visible in 1M D physms DY fit from LS, A. Vadimirov JHEP 06 (2020) 137
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Parameters for D ,, Parameters for f1
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7* for several sets
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Predictions coming from fits using different

data sets for W boson qr spectrum

CDF /s =1.8 TeV | DO /s =1.8 TeV | ATLAS CMS ev CMS uv
Number of points 10 10 2 4(3) 4
NNPDF31 0.650 1.845 1.565 7.284 (1.694) | 21.502
HERA20 0.617 2.009 0.853 6.024(0.310) 16.090
MMHT14 0.667 2.166 1.406 | 7.465(1.505) | 21.751
CT14 0.677 2.608 1.324 | 7.974 (1.482) | 21.972
PDF4LHC 0.660 2.061 1.405 | 7.733(1.605) | 22.075
Comparison with CMS data Comparison with CMS data
0.05 L B 0.05 T T T T B
0.041 O.O4i
- B OMS: 1606.05864 - B OMS: 1606.05864
S 0.03 ===t artemide S/ 0.03 ===t artemide
Sk 0 GeV < my Sessssssssans SBs 0 GeV < my e ——
jEO.OQ L > 25 GeV. |1 _ EEO.OQ 7> 20 GeV. |1 _
3 - Dt eV, |nl < 2.5 - 3 - ppr > 20 GeV, |n| < 2.1
0.01 prp—=>WH+X—=etrvet+X 0.01 p+p—>WH+X—>pu+v,+X
0.0 \ L ] 0.0 \ L ]
0 8 16 24 0 8 16 24
qr (GeV) qr (GeV)

D. Gutierrez-Reyes,

S. Leal-Gomegz, I.S.
arXiv: 2011.05351
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Coneclusi

The goal is a consistent description of TMDs
TMD affect QT spectrum at all energies for low qT

Up to now all fits are done with a single model of TMD for all PDF sets and show
differences among PDF sets.

It is not clear where problems are located and the answer can depend on the PDF set.

otudy is progress arXiv:Rl XX.YYYYY
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