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B LEstimate through scale variation, BUT:
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> TMD: (yy, &y) = (4, §) (ettectively reduce to 2 in DY case)

> SCET: (w;, 1) = (up, 1) tor each of the B, H, S tunctions

B Each scale has 1its own “‘central” value

B How to compare different scale variations in different formalisms?
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Example: TMD vs. ¢, scales

B 'The factorisation scale yr present in g, resummation is absent in

the TMD formalism:

TMD: PDFs are computed at the low scale p¢ (varied around pp)

g7 - res.: PDFs are evolved from exactly pp up to pr (varied around Q)

variations of f¢ are typically much larger than variations of gr because
at the energies relevant to the benchmark as(u0) > as(ur)

B A careful (and not trivial) comparison of the Sudakov integral in the
two formalisms suggests that the renormalisation scale g in g,

resummation 1s to be (partly) identified with the scale g 1n the TMD
formalism



Example: TMD vs. ¢, scales



Example: TMD vs. ¢; scales

B In g;- resummation, the Sudakov is computed analytically and written 1in terms of
the functions g:
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B In g;- resummation, the Sudakov is computed analytically and written 1in terms of
the functions g:

/M Q d:j’ [A(as(u')) In (“9) + B(as(u'))] ~ Lgo(a,D)+ Y a?ga(a.D)

n=1
k
= Lgo(asL) + Z a” g, (asL) + O(aft™L™)
n=1

B The series in the r.h.s. 1s truncated according to the log accuracy and the
resummation scale . 1s introduced as follows:
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The explicit y,,, dependence gives an estimate of missing subleading logs




Example: TMD vs. ¢, scales

In g; - resummation, the Sudakov is computed analytically and written in terms of
the functions g:

L Q d:j’ [A(as(u')) In (“9) + B(as(ﬂ'))] ~ Lgo(a,D)+ Y a?ga(a.D)

n=1
k
= Lgo(asL) + Z a” g, (asL) + O(aft™L™)
n=1

The series 1n the r.h.s. 15 truncated according to the log accuracy and the
resummation scale . 1s introduced as follows:

L:In<g> = n(ﬂm>+ln< & >
Hp Hp Hres

The explicit y,,, dependence gives an estimate of missing subleading logs

It the Sudakov 1s computed exactly, no resummation scale appears:

-

@ this 1s what we do in NangaParbat by computing the integral numerically

@ therefore, we have no resummation scale dependence
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Estimate of uncertainties

B 'lTheoretical uncertainty esimate on N3LL:

estimate of subleading logarithmic corrections by including N*LL corrections
in the Sudakov (mimicking resummation scale variations),

variations of u, and p, by a factor 2 up and down w.r.t. Mu,

inclusion of non-perturbative effects as determined in the PV19 fit.
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B 'lTheoretical uncertainty esimate on N3LL:

estimate of subleading logarithmic corrections by including N*LL corrections
in the Sudakov (mimicking resummation scale variations),

variations of u, and p, by a factor 2 up and down w.r.t. Mu,

inclusion of non-perturbative effects as determined in the PV19 fit.
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W mass measurements

B p;y < gpy < resummation + intrinsic-k;

B All analyses assume flavour-independence
Tuning and validation with Z pt data

Tuning of as and intrinsic kr
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POWHEGPYythia gives the best
description after tuning and is

therefore the basis of our central
Varied success with the event generators, model.

but they can still be tuned...

DY Turbo (at N2LL+N2LO) does OK out-of-
the-box for pt < 30 GeV.

£ Would the resulting predlCt'OnSOf'f"§
- W pt distribution be reliable? 4

[M.Vesterinen, CERN seminar, June 202| .
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flavour-dependent widths

Uy | dop | Us | dg S

0.3410.26]0.46|0.59]0.32
0.34(0.46]0.56|0.32]0.51
0.55(0.34]0.33|0.55|0.30
0.5310.49(0.37|0.22]0.52
0.42(0.3810.29|0.570.27
0.4010.52[0.46|0.54]0.21
0.2210.21]0.40]0.46(0.49
0.5310.31{0.59]0.54(0.33
0.4610.46|0.580.40(0.28
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W mass measurements

B But we already know that 1t might be a relevant eftect!

flavour-dependent widths

Set
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dy
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0.34
0.34
0.55
0.53
0.42
0.40
0.22
0.53
0.46

0.26
0.46
0.34
0.49
0.38
0.52
0.21
0.31
0.46

0.46
0.56
0.33
0.37
0.29
0.46
0.40
0.59
0.58

0.59
0.32
0.55
0.22
0.57
0.54
0.46
0.54
0.40

0.32
0.51
0.30
0.52
0.27
0.21
0.49
0.33
0.28

WV mass shifts
AMw—i— AMw—
Set ||mr | pre | pTy ||MT | PTE | DTV
1 -1 |-5| 7 -1 (-3 | 8
2 || -1 [|-15]| 6 01| 5 |10
3|l -111 8 -1 -7 5
4 || -1 |-15| 6 O (-4] 5
51 -11-41] 6 -1 -7 5
6 ||-1|-5]| 7 0| 2 9
71 -1 [-15] 6 -1 -6 5
81-1]0 ]| 8 01| 3 |10
91 -1|-7| 7 0 4 |10
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Resummation scheme

® l.et us start from CSS factorisation:

L HQ)S(Qy 1) [C 1) ® f(110))

dqr
® Arbitrary “perturbative” function: h(p) = h(as(p)) = »  al(p)h™
n—=0
dlnh das(p) dlnh ,dh Qd _,dh
) _ G AP — e ()] S (@) = exp [ [ B s o) ) s
® so that:
d
o~ M@UQ)TH @S (@ ) [C (1) ® F (1))
_ 1 2
L, Q dy _, dh
= Q) 'H@)S@ m)exp | | LB )] ™ 5| | VRGO (e) @F (1)
v Hb S v
H(Q) N — “ | C(m)
S(Q,ub)
® Choosing & = H defines the Catani-de Florian-Grazzini (GdFG) scheme:
Cii) (@) = C(x) =061 — ) B©® = B®©
éf;)(w) = Cz(gl)(w) + %H(l)dijé(l — ) BY — pB® 4 BOH(l)
CO®) = CF(x)+ %H(l)Ci(jl)(m) +% [H@) — E(H(l)f] 3i;0(1—z) B@ = B® 4 g, HD 4 23, [H(z) _ E(H(l))z
2

® Fnough up to N3LL.



TMD scale variations

@ ['MD tfactorisation allows one to obtain the evolution equations:

din F d~y

ding 0 #mF | dinvG o
dinF " dlnpdinC ) ogx "
din+/¢ (1) dln p

&

To solve these equations we need to fix two pairs of (i.e. four) scales:
@ initial scales: (g, (o)
@ final scales: (lL, C)

@ The solution 1s unique and reads:

F(N? C) — R[(Na C) AR (/1’07C0)] F(”DaCO)

R [('u’ C) N (MO’ CO)] — €Xp {K(H’O) In \/\/CE() + /,:: dlil,,, 'YF(Oés(l*l’,)) T 7K(as(ll’,)) In \I«/le:| }

@ lhe question 1s: how do we choose these four scales?



TMD scale variations

@ A sensible choice of the scales 1s important to allow perturbation
theory to be reliable:

s

@ no large unresummed logarithms should be introduced,

f—3

@ cach scale has to be set in the vicinity of its natural (central) value,

=3

@ scale variations (within a reasonable range) give an estimate of HO corrs.

ga»

@ In TMD factorisation (gt < Q) for DY the relevant scales are gr and Q:
@ natural to expect (g \/CO ~ T b;l and (o ~ \/E ~ Q

@ In fact, 1t turns out that (in the MS scheme) the central scales are:

26—’7E
po = /Co = b =pup and p=+/¢(=Q

@ This choice nullifies all unresummed logs. One should thus consider:

po = C P po,  VCo=CPpy, 1= C}”Q, V<2 Q,



TMD scale variations

@ To reason why variations of ¢ have no effect is that:

d !
é x H (%) F1(py C1)F2(py C2)  with

@ Itis easy to see that:
Fy (1, C1) F2 (11, C2) = R [(115 C1) <= (105 Co)] B [(11, C2) <= (105 Co)] F1 (105 Co) F2 (1o, Co)

F(Gi62) = £(@Q
@ The single dependence on {1 and &> drops in the combination:

@ we choose {1 = &2 = Q2 but any other choice such that {152 = Q4 is identical.

@ In addition, in NangaParbat we have chosen to set po = Vo

@ not strictly necessary but probably a conservative choice.

@ At the end of the day, we have two scales to be varied:




