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Standard TMD formula

collinear PDFs at scale y, =~

OPE matching coefficients Cy;
Perturbative part : /\ e
b:(br)

Sudakov factor — perturbative evolution

+ \

Fie,brp) = Y (Cpy ® FDX, b 1) 500 e8xbrlogmlio £ (. by

b.

bmax 1'25 —— Doy = 2€77E

1-05 perturbative (52(} ’ e I <p,<0Q

or 0= e min —

: non

b . _/Q—s GeV perturhaia For p=po=1 GeV TMD(x, br; uy) = PDF(x; uy) fp(x, br)
min [ ‘B

"7Q=20Gev.




Standard TMD formula

collinear PDFs at scale y;, ==
b.(by)

OPE matching coefficients Cg;
Perturbative part : [\ Qe e

Sudakov factor — perturbative evolution

+ \

Fie,brp) = Y (Cpy ® FDX, b 1) 500 e8xbrlogmlio £ (. by

Focus on NonPerturbative part :  evolution \

intrinsic wave function

D

14}

bmax 1'25 Do = 2€77E
! perturbative Do~ Ts 1<, <0

0.8 = bmin =
Q=2 GeV 7

For p=pio=1 GeV TMDC(x, b uy) = PDF(x; o) fap(x, b7)

0.6F

non
perturbative

04l
bmin o
0.2j

“““““““““““““




NonPerturbative functional form

PV17 fit

A. Bacchetta et al., JHEPO6 (2017) 081, arXiv:1703.10157
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NonPerturbative functional form

PV17 fit

A. Bacchetta et al., JHEPO6 (2017) 081, arXiv:1703.10157
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. _ } not much constrained by fit
A — weight of second Gaussian



NonPerturbative functional form

PV17 fit

A. Bacchetta et al., JHEPO6 (2017) 081, arXiv:1703.10157
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g> — nonperturbative evolution
N, = g,(X) — mid-x width of TMD
o — low-x width of TMD

a — high-x width of TMD

. _ } not much constrained by fit
A — weight of second Gaussian



PV1/7 nonperturbative parameters

PV17 fit
A. Bacchetta et al., JHEPOG6 (2017) 081, arXiv:1703.10157
Data from: SIDIS Drell-Yan Z-boson production
Hermes , Compass FermilLab Tevatron: CDF , DO

8059 pts , 11 parameters , x2/dof = 1.55 = 0.05

0.13+£0.01 028006 0.17+0.02 295+0.05 0.86z=0.78

g EAg N, £AN, d6xAc a =+ Aa A+ Al

\——

all standard deviations at 68% confidence level



Sensitivity coefficients of PV17 parameters

Yellow Report R. Abdul Khalek et al., arXiv:2103.05419
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Figure 8.30: Expected sensitivities to various TMD PDF and FF parameters, as well as the
TMD evolution as shown for the verious collision energy options and for detected final-state
positive pions. The impact has been averaged over final state hadron transverse momentum
and fractional energy for better visibility.

S, (O?)y;) With Weighted‘average over z, PT,\/E‘
(weights proportional to 1/error of pseudodata)




Sensitivity coefficient and standard deviation

sensitivity coefficient S of object f w.r.t. observable O
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experimental error for O standard deviation for f

1. from PV17, we know a parameter A with error AA

2. if we perform a new measurement that produces on A an error equal to its initial
standard deviation, dA = AA, we expect the error on A to scale as 1/\/5 . We
postulate that this corresponds to S(A) =1



Sensitivity coefficient and standard deviation

sensitivity coefficient S of object f w.r.t. observable O

S(0. ) = <@f>5—@<§> ()
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experimental error for O standard deviation for f

1. from PV17, we know a parameter A with error AA

2. if we perform a new measurement that produces on A an error equal to its initial
standard deviation, dA = AA, we expect the error on A to scale as 1/\/5 . We
postulate that this corresponds to S(A) =1

3. in fact, if A can be ideally considered as parameter and observable, then
AA)—A)A) _ (AA) _

SA AA AA AA
4. the error on A scales as 1/\/5 = 1/\/1 + (S =1).If the new measurement is more
precise, then S >1 and the error is further reduced; viceversa, for S< 1

S(AA) =




Sensitivity coefficient and standard deviation

sensitivity coefficient S of object f w.r.t. observable O

S(0. ) = @f){;@(i) ()
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experimental error for O standard deviation for f

1. from PV17, we know a parameter A with error AA

2. if we perform a new measurement that produces on A an error equal to its initial
standard deviation, dA = AA, we expect the error on A to scale as 1/\/5 . We
postulate that this corresponds to S(A) =1

3. in fact, if A can be ideally considered as parameter and observable, then

AA)—A)A) _ (AA) _

SA AA AA AA
4. the error on A scales as 1/\/5 = 1/\/1 + (S =1).If the new measurement is more

precise, then S >1 and the error is further reduced; viceversa, for S< 1

S(AA) =

5. for n measurements, the error on A should scale as 1/4/1 + S, +.. +5,



sensitivity coefficient (weighted average over z, Pr)
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PV17 fit:

NonPerturbative evolution g-

summing over all (x,Q?) bins

run at /s =28 GeV, m+ — 0.00155  R(g,) = 6.45
run at v/s =44 GeV, mt —> 0.00120 R(g,) = 8.33
runat \/s =63 GeV, m+ — 0.00108  R(g,) = 9.26

runat /s =84 GeV, m+ — 0.00105  R(g,) = 9.52

runat /s = 140 GeV, m+ — 0.00096  R(g,) = 10.36

consistent trend:

larger /s — larger covered (x,Q2)
—> more stringent constraint




NonPerturbative evolution g-

summing over all (x,Q?) bins

PV17 fit: Ag, =0.01 — runat y/s =28 GeV, m* — 0.00155  R(g,) = 6.45
run at v/s =44 GeV, mt —> 0.00120 R(g,) = 8.33
runat \/s = 63 GeV, m+ — 0.00108  R(g,) = 9.26

runat /s =84 GeV, m+ — 0.00105  R(g,) = 9.52

runat /s = 140 GeV, m+ — 0.00096  R(g,) = 10.36

consistent trend:
larger /s — larger covered (x,Q2)
—> more stringent constraint

Caveat

e optimistic upper limit in reduction coeff. R (no correlation between measurements in
different bins)

e exercise biased by rigidity of PV17 functional form; future fits with (many) thousands
points could demand more flexible forms




Max error reduction R for PV17 parameters

Energies

Parameters




Most sensitive (x,Q2) bins: go

PV17 fit: Ag, =0.01 —  summing over all (x,Q?) bins — 0.00155 R(g,) = 6.45

o ?Z B N{ (mid x TMD PDF width) sensitivity coefficient (weighted average over z, Pr)
| S "o (lowx TMD PDF width)

Mg, (nonperturbative evolution)

[ Ngv (mid z TMD FF width)
Y b% M \r (TMD FF nongaussianity) i | | e m . I_I-I | -
-

s =28 Ge\/’ T[+ Vs = 28 GeV
al ot A “HEN TR CRA ue N TR N
Bl R N I SR T Y
1Nt Tl

2 —_— || e
| ._hlll_ll_il_i ul_l__-_l
N N T fosw(@)

l
-24 =22 -2 -18 -16 -14 -12 -1 —-08 —06 —04 —02 0



Most sensitive (x,Q2) bins: g

PV17 fit: Ag, =0.01 —  summing over all (x,Q?) bins — 0.00155 R(g,) = 6.45

summing over all 0% < 10 bins — 0.00218 71% R
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Most sensitive (x,Q2) bins: go

PV17 fit: Ag, =0.01 —  summing over all (x,Q?) bins — 0.00155 R(g,) = 6.45
summing over all 0% < 10 bins — 0.00218 71% R
summing over all 10 < 0% < 100 bins — 0.00216 72% R
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Most sensitive (x,Q2) bins: go

PV17 fit: Ag, =0.01 —  summing over all (x,Q?) bins — 0.00155 R(g,) = 6.45

summing over all 0% < 10 bins — 0.00218 71% R
summing over all 10 < 0% < 100 bins — 0.00216 72% R
summing over all x < 0.01 bins — 0.00306 51% R
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Most sensitive (x,Q2) bins: go

PV17 fit: Ag, =0.01 —  summing over all (x,Q?) bins — 0.00155 R(g,) = 6.45
summing over all 0% < 10 bins — 0.00218 71% R
summing over all 10 < 0% < 100 bins — 0.00216 72% R

summing over all x < 0.01 bins — 0.00306 51% R
summing over all x > 0.01 bins — 0.00177 88% R
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Most sensitive (x,Q2) bins: g

bins

Energies




Most sensitive (x,Q2) bins: g
good options at \/_ = 140, x < 0.01 but also at s =44, 001l <x <1

bins

Energies




Most sensitive (x,Q2) bins: N;

good options at medium-large x and/or at low Q2

bins

Energies




Most sensitive (x,Q2) bins: o

consistent trend: good option at \/_ = 140, x < 0.01 but doesn’t need large Q2

bins

Energies




