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Measuring « (m,) from low ¢ Drell-Yan spectrum

22 LHC as precision machine: Drell-Yan has a special role

many SM parameters studied from it: sin” @, my, PDFs, ..., and obviously o (1)

22 Description of the gspectrum at ©(1%) level precision requires
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22 LHC as precision machine: Drell-Yan has a special role
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Asimov Fits

Asimov fits: standard procedure to estimate expected uncertainties in a fully controlled setting,
rationale similar to the closure tests

> using pseudodata (or Asimov data, or toy-data)

> results of the fits not affected by statistical fluctuations and possible subleading/higher-order effects present
in the real data

—> theory model correctly describes pseudodata with a minimum »* = 0 (or very close)

> study the dominant sources of uncertainty and their impact on the extracted «;
can neglect subleading effects:

—> affecting the small g spectrum at few-% level, their associated uncertainty is subdominant
with respect to the dominant ones
In practice:

—> still necessary for fitting real data nonsingular, quark mass and EW corrections

neglected in our pseudodata and theory model
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Asimov Fits for a (m,) from Z g, spectrum
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—> SCETIib N**'LL and N*LL only resummed contribution

Relative uncertainty
o

—> Data defined as central theory prediction [a, = 0.118]
[fixed nonp. params discussed later, MSH'T20aN3LO PDF set]

— Using ATLAS exp. uncert. and complete correlations
|arXiv:2509.09518 |

Relative uncertainty
| | | | 1 o 6‘;
|||||I'I'lrl'l'l1'l1'l1 ||||I'I'l1 llllﬂ" ||||I'I'I'1 lllﬂﬂﬂrITﬂﬂl[-rmﬂl[_I‘lﬂﬂl[_TTﬂﬁlr_ﬁm

—> 72 data points in ATLAS binning:

-_Ll.l.l.ll‘ llllm‘ lnnm‘ llluu‘ llllllﬂ_‘ml L Ll L L1l L L1l

9 g, binsin [0,29] GeV for each 8 Y binin [0.0,3.6] 28<ly| <356
[integrated in g, Y and Q]
—= Using Minuit (and Minos) as minimizer for the fit "’ PR "’ TR
P, [GeV] P, [GeV]
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https://arxiv.org/abs/2309.09318

Perturbative uncertainty: scale variations

For a differential spectrum, each bin is a separate prediction as it is a separate measurement
With scale variations:

—+Ag

P13

P23

l P12
\
scanning over & s ? correlation?
> 1> X > b| 1
{
l

|
scales 0 " ? shape?
| \ C |
_..AS }- . C

22 Scanning over scale variations that fill the band is like scanning over several ad hoc correlation models

—> scale variations cannot give the correct shape (and therefore correlation):
that’s why we take envelopes!

—> to get correct correlation: breakdown into independent uncertainty components required
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Perturbative uncertainty: scale variations

Fitting only a(m,) as a concrete example:

4T T T

—r T T 1 1 1 1 T 1 1 T T 1 L L L B B L B B B L LB B B B
N4LL profile scale var. - - Z pr Asimov, SCETIlib N“LL profile scale var.
3 — MFO — 0.120 | MSHTaN3LO, 8 TeV ATLAS l;ins and unc. . j
— My - . S ‘
o 2 — matchi - : -
S TS 0.119} . — s . . -
o o, = 0.119 — resummation - o .
S IS ONNNL e . - ° .
- i N ® ® @ .
) S -
= 0 0.118 oLlo-o o PP
< \'; . ) PY ® »
% i S & o o °
T —1F £/ NS e e ————— o ¢ ¢
I . |
= _of | 0.117_— . . ® 7
= . o ) [ J o
pp — Z (8 TeV), SCETIib - - , ,
_3 _ - o upo © matching exp. uncertainty
_ MSHTaN3LO, 80 < my < 100 GeV, |Y| < 1.6| 0.116[ 4; o resummation  x2/ndof > 1.5 -
T s T 10 15 20 25 30 0 5 10 15 20 25 30 35 40 45
QT [GeV] Nvar
. Absolute uncertainty on as(myz) in units of 10—3
Sum envelopes of different types: Agc e = 2.43 YO s(mz) '
Nai | Perturbative uncertainty | ATLAS ‘23 Our estimate of expected size
1 n : —
alve Chvelope Ascale .73 Scale variations +0.42 +2.43
This is not our final expected perturbative uncertainty! more in the backup slides

x Scale variations are just insufficient for this purpose!
*uncertainties in units of 1073 5/17.


https://arxiv.org/abs/2309.12986

Theory Nuisance Parameters (TNPs) in a nutshell

E] Parametrize the uncertainty by the missing highest pii:ce/ true value of the series coeffs.

N*LO: fPa,0y) = [y +af, +a* [, +a’f; (0)

: : “—Jeading source of unc.
using theory nuisance parameters 0, ;

»> 0 have physical true value 6’An, such that fn = fn(é’n) .. and therefore encode correct theory correlations

2> TNPs well-defined parameters with true but unknown value
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Theory Nuisance Parameters (TNPs) in a nutshell

Parametrize the uncertainty by the missing highest pif:ce/ true value of the series coeffs.
N*LO : fP*Ya, 0y = fy+af, +a’ [, +a’f; (65)

“~—leading source of unc.

using theory nuisance parameters 6, ;

»> 0 have physical true value 6’An, such that fn = fn(é’n) .. and therefore encode correct theory correlations

>> TNPs well-defined parameters with true but unknown value

To define 6, , account for the internal structure of / : resummed g spectrum case

do 2 o :
¢ — = |HxB, ® B, ® S] ( ag, L =1Ing,/ mz) L0 qr :leadmg power g dependencei
dgr ms : known to all orders :
Lo e
F = 1{H, B, S} solution to RGE equations F (aS, L) = E‘F(aS Eexpj dL’{{F[aS(L’)]EL’—{yF [aS(L’)]}}
---------- ‘ O """"""""" ’0-----------------’.

boundary conditions anomalous dimensions
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Theory Nuisance Parameters (TNPs) in a nutshell

Identify a parameterization that captures correlations and tightens the theory constraint

n n+1
a a
Fla) =1+ (—S) F, y(ag) = (—S> a
> ’; 4 > 2 4

n=0
F ) =4CA4C)" \(n-1)06/ v (07) = 4C(4C )" 6"

where C. leading color factor, C X‘l leading n—loop color factor
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Theory Nuisance Parameters (TNPs) in a nutshell

Identify a parameterization that captures correlations and tightens the theory constraint

n n+1
04 04
Flag) =1+ (—S> F, y(ag) = (—S> v,
> ’; 4r > 2 dr

n=0
F ) =4CA4C)" \(n-1)06/ y.(07) = 4C(4C,)" 67

where C. leading color factor, C X‘l leading n—loop color factor

With these normalizations, expected natural size \é’n\ <] —> 0,=0x1

0.7:| [T 1 | [T T 1 | [ 1T T 1 | [T T 1 | [T 1 - 0.7:| [T 1 | 1T 1T 1 | [T T 1 [ 1T T 1 | 1T 1T 1 | [T T 1
= entries — 89 n =5 - = entries — 98 _ n
0.6 = fnlng =35) - 0.65 ™ Yn(1y
- M = —0.16 = 0.1 . - M = —0.17 = 0.1
e 0.5 0 =0.94+0.07 ||| = 2 0.5F o0 = 1.+ 0.07
2 TN - 2 N .
© 0.4 vd N\ ] © 0.4 TN ]
> o3 N : 2 ok SN z
S 0.3 / \ —] =S 0.3 / ‘\ ]
= - / . = - l_ .
S 0.20 / E 020 7/ \ -
- N N VE e rﬂq .
0.0 ' ' | 0.0 — =
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2
of sl

[look at other known n—loop coefficients from population sample ] 717



Perturbative uncertainty: TNP scanning

4r—————7 7 T 7 T T T T T T T T T T T
SCETIib N3+!LL pp — Z (8 TeV) -

MSHTaN3LO, 80 < my; < 100 GeV, |Y| < 1.6 _

rel. difference [%]

»> Breakdown into independent sources of uncertainty, varying each TNP by A@, = = 1(68% CL)

encoding bin-by-bin correlation

—> caveatfor B ;: F,(z,0,) = 3/20, F (z), DGLAP splitting functions not yet varied [WIP]

*uncertainties in units of 10~ 8/17.



Perturbative uncertainty: TNP scanning

4: ! ! ! ! [ ! ! ! ! ! ! ! I ! ! ! ! I ! ! ! !
SCETlib N3+1LL pp — z (8 TeV)

MSHTaN3LO, 80 < m; < 100 GeV, |Y| < 1.6 __

rel. difference [%]

»> Breakdown into independent sources of uncertainty, varying each TNP by A6, =

encoding bin-by-bin correlation

0.116

—> caveatfor B ;: F,(z,0,) = 3/20, F (z), DGLAP splitting functions not yet varied [WIP]

»”> Repeat the a fit for every TNP variation [scanning or off-set]

Sum in quadrature: A®P*t = 1.75

*uncertainties in units of 10~

pert
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N3TILL pre-fit Z qr Asimov
exp. uncertainty | (ATLAS 8 TeV unc.)
total
¢ :
. B, .
Only fitting ag
T Bag 3+1
Dataas N°"'LL
9 S
| g | ata,=0.118
@ ’YV
- o
N ot Lo
0. 117 0.118 0.119 0.120
as(myz)
+ 1(68% CL)
= e e s s s s EsE s sSsE s s s s S S S S s e ... .- i

Indication that SCETlIib scale

variations are realistic [A

scale

= 1.73]



Perturbative uncertainty: TNP profiling

»> Profiling: fitting a, together with all TNPs
—> TNPs are proper parameters, included in the fit with Gaussian constraint §, = 0 % 1

—> allows data to constrain TNPs and thereby reduce theory uncertainty , 5.(m,) [10'
S Z

103102101 00 01 0.2 0.3

4: ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! o [ [
‘ . ‘ N3+ LL Z gt Asi .
- SCETIib N3HT1LL post-fit pp — Z (8 TeV) ] post-bt " $ (ATLAS(gTTeV iLT? ' Only fitting Ag
3:_ MSHTaN3LO, 80 < my < 100 GeV, |Y| < 1.6 _ =1 Data as N3+1LL
S ——. —_— - ... B o[¢ :
2 Lcusp H Bog _ ata, = 0.118
§ T Yu --= 5 total : B qq -
% Yy T B, total pre-fit - S | 4
= - grey:
% H ® .« e
. _ TNP down variation
0 R s — . a | i | dashed grey:
— x | 3 : TNP up variation
[ ] ! cusp I . d
o % 10 15 20 25 30 | 5110105 00 05 1.0 L5
gr [GeV] post bt constraint
. . . . . expect
2> Reduction in the uncertainty as expected: induced correlation between «, and TNPs! AP =0.45

pert

*uncertainties in units of 10~ 9/17



Perturbative uncertainty: TNP profiling

> Profiling lower order against higher order Data: central N*LL prediction at &, = 0.118

—> simulates the fit to real data, which contains the all-order result - $.(m,) [20' 3

10310217101 00 0.1 0.2 0.3

4 ' ' ' ! | ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! o ' [ [
=) r _ N3*1LL vs N “LL Z Asimov
S, " SCETIlib N 3*1 LL vs N “LL post-pbt ] post-bt " $ (ATLAsquTev unc.)
; 3l pp " Z (8 TeV) =1
. MSHTaN3LO, 80<m j; < 100 GeV, |[Y|< 1.6 - | o
— - B qg |
E - : L,
=
3 s =
o
g T |
CICJ ' o *
o !
= u 0
T). i ! cusp l & l *
=~ | L1 | | | . A AR RN RN BTN R
15 5 10 15 20 25 30 | 15T 107105 00 05 10 15
gt [GeV] post-Pt constraint

»> N3*ILL pulled toward correct true values [ %]

- . , expect __+0.47
> post-fit prediction for g spectrum driven by constraints from data pert ~ —0.50

*uncertainties in units of 10~ 10/17



Perturbative uncertainty: TNP profiling with different A9,

Data: central N*LL prediction at a, = 0.118

»> Change the prior theory constraint: using now ¢, = 0 = Ag_with Ag, = 1,2, 4 and fit again

SCETIlib N S*1LL Z pt Asimov
against N “LL (ATLAS 8 TeV unc.) —> the effect relative to the theory constraint strongly depends
0 o1 on the power of the experimental constraint
I "n=4 /| 047
—> data reduces dependence on theory constraint and
associated potential bias
+0 .49
b "n =2 P | 0.48 . . . .y .
—> only slight difference in the uncertainties when relaxing the
TNP constraint
+0 .47
' n =1 c 1 0.50
Precise theory constraint does not matter here
oo b by e by by Lo o by v by

0.116 0.117 0.118 0.119 0.120
| s( mz ) [ post-fit constraints on TNPs ]

*uncertainties in units of 10~ 11/17



Nonperturbative uncertainty

For Aqgep < 1/by ~ qr << O, can systematically expand nonperturbative effects in an OPE

~

f(ill' bT7u7 Q) (f( )(:E bThu’? Q)J{]-_'_

resummed perturbative part

At large b, no constraint from OPE, following

Collins and Rogers '14:

7gp(bT — 00) =

— const X by

— const

-
ble’ [AZZ( )+)‘C
-

br@7 | R
o] - O(henb?)

nonperturbative contributions to the CS kernel and TMD PDF

At small b

12/17.

fP(x, by) = 14 Ay () b7 + O(Aep b
7:0(br) = 25 by + O(Ngyep, by)


https://arxiv.org/pdf/1412.3820

Nonperturbative uncertainty

For Aqgep < 1/by ~ qr << O, can systematically expand nonperturbative effects in an OPE

fi(xabTauw Q) f( ) 33 bTa/*l'a QJ{1+bT [AQZ( )_|_)‘C bTQ] | O(AéCDb%")}

bo
resummed perturbative part nonperturbative contributions to the CS kernel and TMD PDF
At large b, no constraint from OPE, following Atsmall b :
Collins and Rogers '14:
- B 2 4
In f?p(x, b, — 00) = — const X by fnp(x br) =1+ A, (x) by + @(AQCD b)
7."(by — 00) = — const 7:0(br) = 25 by + O(Ngyep, by)

Every nonperturbative model has to satisfy the OPE expansion!

A B A, Ay ; . by 5 Ay,
JP(by) = exp| — A by tanh| — by + — b7 2;/ P(by) = — A, tanh [ —b7 by
AW AW Aso Ao
No prior constraint + Lattice QCD* constraints [details in Peter’s talk]

A » A determine by — oo behaviour, 4, 4, A, 4 quadratic/quartic small b; coefhicients
*MIT, RQCD235, LPC 12/17



https://arxiv.org/pdf/1412.3820
https://indico.physics.lbl.gov/event/3051/contributions/9673/attachments/4926/6849/2025_03_13_SCET_Ploessl.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.114505
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.074519
https://link.springer.com/article/10.1007/JHEP08(2023)172

Nonperturbative uncertainty

fit unc. only: fitting only a, and nonp.
profiled TNPs: a, + nonp. + TNPs

NS*TLL vs N 4LL Z g1 Asimov
— probled TNPs (ATLAS 8 TeV unc.)
— no TNPs
no nonp _ | +0 .06, +0 .47
' ' 0.06,! 0.50
I 11
L 2,41 2,4 +0 .24, +0 .69
+ lattice 1 0.26,! 0.72
) +1 .41
| 24" 2| mme——————————»
1 1.41
o +0 .19, +0 .67
’ 1 '0.19,! 0.71

T S K S N SR R N A A R N N N T M A N SN N
0.115 0.116 0.117 0.118 0.119 0.120 0.121
| s(m Z)

*uncertainties in units of 10~

Data: central N*LL prediction at a, = 0.118

—> TMD PDF + 4, and no further constraint leads
to an unstable fit

——> CS kernel constrained by lattice QCD data allows to a
joint fit between CS and TMD nonperturbative!

—> this is possible especially thanks to the constraining
power of the data!!!

[ATLAS ‘23 nonperturbative model comments

153/17
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https://arxiv.org/abs/2309.12986

Nonperturbative uncertainty

»> Fitting nonperturbative and including Data: central N*LL prediction at &, = 0.118

lattice QCD constraints 4 %(m ) [10' 7]

A 1 06! 04! 0.2 0.0 0.2 04 0.6
—_— I [ ! ! ! ! [ ! ! ! ! [ ! ! ! ! [ ! ! ! ! [ ! ! ! ' L e e I T T T T T T
S [ SCETIb N 31 LL vs N“LL post-bt _ N3+ LL vs N 4LL Z gt Asimov
_ i pp " Z (8 TeV) 1 post-bt # %;| (ATLAS 8 TeV unc.)
= 3B, MSHTaN3LO, 80<m ; < 100 GeV, |Y|< 1.6 #$, =1
.\ .
A e |, TNPs : "o ——0k—
g 5 —— 1, [ nonpert. ] 4 | A
- - #o ]
v --- 1, B TNPs # nonp. - i, -
e 1 — 14 i B qg »
§ qu | C——%
o [ M NrTTe———— o S *
L0 H % o
Tj_ | | © *
E) | - ! U | * ® .
| 10 30 !CUSp ||||I:||||I||||T||||I||||I:||*||
dr [GeV] 1'1.511.0! 0.5 O. 0.5 1.0 1.5

post bt constraint

»> N*HLL pulled toward correct true values [*]

expect __+0.24
Anp

»» Data now also constrain nonp. params., therefore less constraint on TNPs —_0.26

14/17 .



PDF uncertainty

Fitting only a (m,):

P RELIMINARY (if it was not clear (:)

0.121 :
o PDF members PDF uncertainty
0.120}
0.119; | 1 BDF | 104" 10**
\
N °
: ® e ° ®
_E/O.llS_'“,‘, e % mgu'ﬁ.lul‘—‘%w”“m—
N ® ee
0.117}
| Y =[0.0,0.4,0.8,1.2,1.6, 2.0, 2.4, 2.8, 3.2, 3.6]
0.116¢}

| SCETIib preliminary

o115t — . . .

' 8TeV, Zpr, ATLASbinning , p% < 29GeV

|||||

0 10 20 30 40

*uncertainties in units of 10~

Data: central N°*!LL prediction at &, = 0.118

—> A%’;Ct = 1.04 through scanning

[scanning/off-set over PDF eigenvector variations]
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PDF uncertainty

Fitting only a (m,):

P RELIMINARY (if it was not clear (:)

0.121 _
| o PDF members PDF uncertainty
0.120}
0.119} | 1 PDF | 43" 10%4
- |
N = .
| . . .
50.118_"“,. o0 o M‘%‘o’—‘@""“’m—
p) ° o®
0.117}
) 116:_ Y =[0.0,0.4,0.8,1.2,1.6,2.0,2.4,2.8, 3.2, 3.6]
(8TeV, Zpr, ATLASbinning , p% < 29GeV
| SCETIlib preliminary
O%—""10 20 30 40 50

*uncertainties in units of 10~

Data: central N°*!LL prediction at &, = 0.118

—> A%’;Ct = 1.04 through scanning

[scanning/off-set over PDF eigenvector variations]

N A;’glgct = 0.43 through incorrect profiling (fitting @ +PDFs) T

[exploiting the precision data to constrain also PDFs]

15/17



PDF uncertainty

Fitting only a (m,): Data: central N°t'LL prediction at a, = 0.118
PRELIMINARY (if it was not clear (:)

0.121

e PDF members PDF uncertainty .
| —> AZPE — 1.04 through scanning
0.120¢ PDF
| [scanning/off-set over PDF eigenvector variations]
0_119'_ Il gDF 1 4.3" 1074
— | expect __ ° 0 :
5 ‘ —> AL = 0.43 through incorrect profiling (fitting a+PDFs) —_—
_ e - % sve00® 0,0 " 0,0 04 qe0000%0000 — ° ° o ° - .« e ¢ o . T
— DB e e w T [exploiting the precision data to constrain also PDFs]
0117 : : oy o ,
a Profiling requires: More details in Tom’s talk!
0 116:- Y =[0.0,0.4,0.8,1.2,1.6,2.0,2.4, 2.8, 3.2, 3.6]
8TeV, Zp 1, ATLASbinning , p% < 29GeV PDFs central value and uncertainties not substantially changed
| SCETIlib preliminary
OMS—"30 20 30 40 50
N var PDF's uncertainties included consistently alongside the new data (Z g;)

>> Large reduction in the uncertainty, just because we are including the wrong tolerance (T') factor

*uncertainties in units of 10~



PDF uncertainty

Fitting only a (m,): Data: central N°t'LL prediction at a, = 0.118
P RELIMINARY (if it was not clear (:)

0.121

e PDF members PDF uncertainty

| —> A%’E“ = 1.04 through scanning
0.120}

[scanning/off-set over PDF eigenvector variations]

0_119:_ L1 EPF L 7.4 1074
S . —> APP = 0.43 through incorrect profiling (fitting a,+PDFs) S
%0-118 Ceses > gs R A e S [exploiting the precision data to constrain also PDFs]
B 0.117:-

| —> A;g)lgct = (.74 through profiling (fitting a,+PDFs)
0.116! Y =[0.0,0.4,0.8,1.2,1.6,2.0, 2.4, 2.8, 3.2, 3.6]

8TeV, Zp+, ATLASbinning , pZ < 29 GeV and considering the correct tolerance
| SCETIib preliminary
017020 30 40 50

»> Adding the correct tolerance reduces both pull on central value and uncertainty reduction!

how to propagate it to a, uncertainty? Two-step profiling

More details in Tom’s talk!

*uncertainties in units of 107> 16/17



Summary and next steps

Correlations are fundamental for the interpretation of precision measurements:
having meaningful theory uncertainty is as important as having meaningful experimental one!

Theory Nuisance Parameters perfect candidate to describe theory uncertainty and correlations

Highly relevant and needed for the extraction of a, from the Z g, spectrum:

first applications work as advertised, very promising for the actual o, fit!
Moving to real data: many things we need to add
—> nonsingular contribution [work in progress]

—> quark-mass effects: can generate a bias on a, [work in progress]

—> QED/EW corrections

expect
Aas —|+ 0. 5S1ng TNPs +??()nons . ??? m, s ???QED/EW |i| 0. 3n()np * O’7PDFS |

perturbative uncertainty nonperturbative uncertainty+ PDFs

*uncertainties in units of 10~ 17/17
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TNPs for Boundary Conditions

F0,)=4CA4C) '\n-1'¢

0_7 T T 1T 1 | 1T T 1 | T 1T 1 1T 1T 1 | T 1T 1 | T T T ] 0_7 - T 1T 1 | 1T T 1 | T 1T 1 1T 1T 1 | 1T 1T 1 | T 1T 1 E
0.6 E_ Nentries — 21 fl(’I’Lf = 5) _: 0.6 f_ Nentries — 25 f2(nf — 5) _;
*50.5_—021.12i0 E = 050 o =0. :
B . Q — |
3 04 = ; 0'45 E
Q — . Z = E
£ 0.3F - s 03 :
g 0.2:— E = 0. - -
0.1 ;— —; 0.1 E_ _E
. - 0.0° -
0.0
| 3 | 2 11 0 1 2 3 | 3 | 2 11 0 1 2 3
Af . : b7
% Good fit to a Gaussian with @, ~ 0 and A6, ~ 1 :
0_7 T T 1T 1 | 1T T 1 | T 1T 1 1T 1T 1 | T 1T 1 | 1T T 1 . i T 1T 1 | 1T T 1 | T 1T 1 1T 1T 1 | 1T 1T 1 |_I T 1 ]
0.6 E_ Nentries — 27 fS(nf — 5) = / 0.8 B nentriesOZS']Y-z:I: . f44(’ri'{)gp5) -
' g pu = —0.05 + Sloop - . - = —0. . -
§ 05F 0 = 0.64+0 = = 0.6 -
- . 5 :
3 0.4 B ; -
S - - > -
2 - - 2 0.4
= 0.3 — = |
= - - = -
2 0.2¢ E . B
0.1F = :
:I | | | | I: 0.0 | |
0.0
| 3 | 2 11 0 1 2 3 ! 3

0] 18/17.



TNPs for Anomalous Dimensions

relative count
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Post-fit constraints on TNPs at different A9,

Data: central N*LL prediction at a, = 0.118
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Post-fit constraints on TNPs become even more consistent with true values!
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On perturbative uncertainty

Absolute uncertainty on as(myz) in units of 1072

Different N*LL countings:

Perturbative uncertainty | ATLAS 25 Our estimate of expected size
boundary conditions anomalous dimensions | Scale variations +0.42 -2.43
resummation order h b, 3 7% Pij LTesp) B | NALL* approximation +0.04
NSLL/ a3 (Q) a3 (bo/br) o o N4LL’ approximation -0.75
N4LL a3 (Q) a’(bg/br) o a; Flavor /quark masses +0.40 —0.29 -1.32
N4LL* a(Q)  ad(by/br) + X(Q) ol a; Total +0.58 —0.51 -2.87
N4LL o}(@)  ad(bo/br) o %
N°LL as(Q) o (bo/br) o oy

. . , no consistent way to estimate
N*LL* more comparable to N*LL, so it is not formally equivalent to N*LL’! 4

the §, and b, uncertainties!
Treatment of flavor/quark masses in ATLAS extraction:

Primary effects: quark-masses in initial state bb, c¢ — Z/y*

vary variable-flavor massless description and associated threshold scales
—> just a rough indication of the expected order of magnitude of mass effects

Secondary effects: quark-masses in virtual b and c loop + ¢ — ¢¢ in the final state

not really clear what is done for the secondary ones
*uncertainties in units of 107 21/17


https://arxiv.org/abs/2309.12986

On nonperturbative uncertainty

ATLAS ‘23 nonperturbative model:

) 5 -

Snp(br) = exp|—g;(br) — gk (br) In oz’ ———> accounts for f*P(x, b;)
0- l

g b7
g;i(br) = L |
V1+A0%

gr (br) = 90{1 — exp

sign(q) [1 — exp(— \q\b%w)] , —> nonpertubative model for TMD PDF

1 Cras(by/bs) b%w-
qgo T b2

lim -

} —=> nonpertubative model for CS kernel

does not account for flavour or x dependence in TMD part [fit in several rapidity bins]

does not reproduce the OPE expansion at small b [g (our A,) and g (our A) fitted,

o no contribution from A, ]
does not have parameters to encode the nonp. contribution to the CS kernel :

In(b;-Q) replaced by In(Q/ Q) [shifting In(bQ,)) into nonp. TMD]



https://arxiv.org/abs/2309.12986

PDF uncertainty: two-step profiling

Very generically:

_ (6, — 0)*
Xiotal = Z i) 2 Ci 0 —(4) + 2 AG? ’ 2 T,
2 data theory model i l k

(containing also PDFs!)

To propagate the PDF uncertainty on the Pol:

First profile PDFs including T factor to account for existing PDF uncertainties

—> obtain consistently profiled PDFs

Perform a fit with Ay? = 1 and obtain PDF uncertainty by scanning profiled PDFs from step 1 as
a new input set

—> PDF uncertainty on o, enlarged relative to incorrectly profiled 7"= 1 case,

but still reduced substantially relative to the simple scanned case
| WIP]
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