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Precision Z Transverse Momentum Spectrum:

@ Z pr spectrum very precisely measured - O(%) uncertainties.
ATLAS: 2309.09318

@ Precisely calculated in theory - resummation up to N3LL'/N4LL.

@ Shape of Sudakov peak has strong sensitivity to ag = use Z pr
spectrum to extract aig value: ATLAS 2300.12086: as(my) = 0.1183 4 0.0009 .

@ Many theoretical uncertainties relevant:
perturbative, non-perturbative, PDFs, —
QED, flavour thresholds, ...

rel. difference [%]

. = 0.117

@ Must carefully propagate these effects
into aug uncertainty, shape effect = B —
correlations are fundamental.

15 20 25
ar |GeV]

= Aas =1x 1073 (i.e. 0.118+0.001) requires O(1%) theory control
of pr spectrum, but whether 0.5% or 2% depends on correlations.
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2. Overview

Our STUdy: TC, G. Marinelli, F.J. Tackmann, 2506.13874

@ Aim: Answer Question - What is the expected theoretical uncertainty
in extracting ag from Z pr?
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OUI’ STUdy TC, G. Marinelli, F.J. Tackmann, 2506.13874

@ Aim: Answer Question - What is the expected theoretical uncertainty
in extracting ag from Z pr?

@ Method: Asimov test - use pseudodata:

» Theory Inputs: SCETIib resummed only contribution.

» Pseudodata: Central prediction with as(Mz) = 0.118,
MSHT20aN3LO PDFs.

» Experimental uncertainties and correlations of the ATLAS 8 TeV Z py
measurement (72 bins - 9 gr in [0,29]GeV and 8 Y in [0.0, 3.6]).

ATLAS: 2309.09318

‘7 See 2506.13874 for more details.
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2. Overview

OUI’ STUdy TC, G. Marinelli, F.J. Tackmann, 2506.13874

@ Aim: Answer Question - What is the expected theoretical uncertainty
in extracting ag from Z pr?

@ Method: Asimov test - use pseudodata:

» Theory Inputs: SCETIib resummed only contribution.
» Pseudodata: Central prediction with ag(Mz) = 0.118,
MSHT20aN3LO PDFs.

» Experimental uncertainties and correlations of the ATLAS 8 TeV Z py
measurement (72 bins - 9 gr in [0,29]GeV and 8 Y in [0.0, 3.6]).

ATLAS: 2309.09318
@ Examine key sources of theoretical uncertainty, consistently drop
subleading effects (power corrections, flavour thresholds, QED, etc) in
both pseudodata and theory.

‘7 See 2506.13874 for more details.
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2. Overview

OUI’ STUdy TC, G. Marinelli, F.J. Tackmann, 2506.13874

@ Aim: Answer Question - What is the expected theoretical uncertainty
in extracting ag from Z pr?

@ Method: Asimov test - use pseudodata:

» Theory Inputs: SCETIib resummed only contribution.

» Pseudodata: Central prediction with ag(Mz) = 0.118,
MSHT20aN3LO PDFs.

» Experimental uncertainties and correlations of the ATLAS 8 TeV Z py
measurement (72 bins - 9 gr in [0,29]GeV and 8 Y in [0.0, 3.6]).

ATLAS: 2309.09318
@ Examine key sources of theoretical uncertainty, consistently drop
subleading effects (power corrections, flavour thresholds, QED, etc) in
both pseudodata and theory.
@ This talk:
@ Perturbative Uncertainty (MHOU). 7‘7
@ Non-Perturbative Uncertainty J
e PDFs. Work in Progress...
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3. Perturbative Uncertainty

Perturbative Uncerfainty
from Missing Higher Orders
(MHQOs)




3. Perturbative Uncertainty

Perturbative Uncertainty fromm MHOs:

@ Typically evaluated by scale variations, consider a perturbative series f
know up to NLO, we want to estimate uncertainty from unknown f5:

f=f+af +a’fHh+..
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3. Perturbative Uncertainty

Perturbative Uncertainty fromm MHOs:

@ Typically evaluated by scale variations, consider a perturbative series f
know up to NLO, we want to estimate uncertainty from unknown f5:

f="fh+af) +a?f + ...
Af = f(a(u) — Fa(Xu, 1/X)) = fibga(u)® = O(a?)

a(xp)=a(p)+boa(n)?+0(a()®)
v The scale variation gives us Af ~ O(a?) as expected!
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3. Perturbative Uncertainty

Perturbative Uncertainty fromm MHOs:

@ Typically evaluated by scale variations, consider a perturbative series f
know up to NLO, we want to estimate uncertainty from unknown f5:

f="fh+af) +a?f + ...
Af = f(a(u) — Fa(Xu, 1/X)) = fibga(u)® = O(a?)

a(xp)=a(p)+boa(n)?+0(a()®)
v The scale variation gives us Af ~ O(a?) as expected!

v Easy to implement.
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3. Perturbative Uncertainty

Perturbative Uncertainty fromm MHOs:

@ Typically evaluated by scale variations, consider a perturbative series f
know up to NLO, we want to estimate uncertainty from unknown f5:

f="fh+af) +a?f + ...
Af = f(a(u) — Fa(Xu, 1/X)) = fibga(u)® = O(a?)

a(xp)=a(p)+boa(n)?+0(a()®)
v The scale variation gives us Af ~ O(a?) as expected!

v Easy to implement.
X Uncertainty proportional to lower order, Af ~ f1bg = f.
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Perturbative Uncertainty fromm MHOs:

@ Typically evaluated by scale variations, consider a perturbative series f
know up to NLO, we want to estimate uncertainty from unknown f5:

f=fh+afl +a%fh+ ...
Af = F(a(p)) — Flalxp, 1/x)) = hibga(u)® = O(a?)
a(xp)=a(p)+boa(n)?+0(a()®)
v The scale variation gives us Af ~ O(a?) as expected!
v Easy to implement.
X Uncertainty proportional to lower order, Af ~ f1bg = fs.

X No guarantee it's accurate, uncertainty might not °
include true value:

Thomas Cridge Theory Uncertainties on ag from Z pr



Perturbative Uncertainty fromm MHOs:

@ Typically evaluated by scale variations, consider a perturbative series f
know up to NLO, we want to estimate uncertainty from unknown f5:

f="fh+af) +a?f + ...
Af = fla(n)) — Fla(Xp, 1/X)) = fbga(u)? = 02

a(xp)=a(p)+boa(n)?+0(a()®)
The scale variation gives us AT ~ O(a?) as expected!

Easy to implement.

Uncertainty proportional to lower order, Af ~ fibg = f5.

x X NN

No guarantee it's accurate, uncertainty might not °
include true value:

J—
X Doesn't tell us the shape, that's why we envelope \\
it = problematic for shape effects/correlations! s s
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Perturbative Uncertainty fromm MHOs:

@ Typically evaluated by scale variations, consider a perturbative series f
know up to NLO, we want to estimate uncertainty from unknown f5:

f="fh+af) +a?f + ...
Af = fla(n)) — Fla(Xp, 1/X)) = fbga(u)? = 02

a(xp)=a(p)+boa(n)?+0(a()®)
The scale variation gives us AT ~ O(a?) as expected!

Easy to implement.

Uncertainty proportional to lower order, Af ~ fibg = f5.

x X NN

No guarantee it's accurate, uncertainty might not °
include true value:

J—
X Doesn't tell us the shape, that's why we envelope \
it = problematic for shape effects/correlations! o5 1 =}

X Not statistical, cannot be profiled to reduce/improve uncertainty.
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3. Perturbative Uncertainty

Perturbative Uncertainty fromm MHOs:

@ Typically evaluated by scale variations, consider a perturbative series f
know up to NLO, we want to estimate uncertainty from unknown f5:

f= fo + Oéf] +Oé2f2 + ...
Af = (o) — Flalxpu, 1/X)) = Hbga(u)® = O(?)

a(xp)=a(w)+bga(11)?+0(a(1)3)
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Perturbative Uncertainty from MHOs - scales:

@ Compare scale variations against ag variation on spectrum (left).

@ Each scale variation is a 100% correlated correlation model across the
Pr spectrum.

T T T
NILL profile scale var.
— Hro 4

K

— matching 1

~— resummation

rel. difference %]

pp — Z (8 TeV), SCETIib

-3 MSHTaNSLO, 80 < my < 100 GeV, [Y| < 1.6 |

4 5 071520 25 B
ar [GeV]
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Perturbative Uncertainty from MHOs - scales:

@ Compare scale variations against ag variation on spectrum (left).

@ Each scale variation is a 100% correlated correlation model across the
pr spectrum. Fit ag for each scale variation.

T T T T
" R : : : : : : : T
NILL profile scale var. Z pr Asimov, SCETIib NALL profile scale var.
Hro 7 0.120] \SHTaN3LO, 8 TeV ATLAS bins and unc.
JI . . .
nr N o
= — matching B .
= — resummation 0119 . e
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/ pp — Z (8 TeV), SCETIib
—3F 4 ® ppo ¢ matching exp. uncertainty
MSHTaN3LO, 80 < my < 100 GeV, |Y| < 1.6 0.116p 1y o resummation x x2/ndof > 1.5
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Perturbative Uncertainty from MHOs - scales:

@ Compare scale variations against ag variation on spectrum (left).

@ Each scale variation is a 100% correlated correlation model across the
pr spectrum. Fit ag for each scale variation.

@ As shape dictates the ag value, each scale variation results in a
significantly different aig depending on precise (wrong) correlations.
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NILL profile scale var. 7 pr Asimov, SCETIib NALL profile scale var.
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2R\ \ — matching 1 .
= - Fesumimation 019 . e e
< ] - . .
s N LI o o
g £ o.11 .
] = x . B
5] .o
=] 8 - * . .
3 0.117 . — ©
/ pp — Z (8 ToV), SCETIib .
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Perturbative Uncertainty from MHOs - scales:

@ Compare scale variations against ag variation on spectrum (left).

@ Each scale variation is a 100% correlated correlation model across the
pr spectrum. Fit ag for each scale variation.

@ As shape dictates the ag value, each scale variation results in a
significantly different aig depending on precise (wrong) correlations.

4 T T T T T
NILL profile scale var. 7 pr. Asimov, SCETIb NALL profile scale var,
31 Hro 1 0.120[ \SHTaN3LO, 8 TeV ATLAS bins and unc. 1
= ny N . s .
o2 — matching B .
b — resummation 0.119 . ot . .
g 1 Smmmmmmmm———— === . .
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E o 0.117 . B . )
pp — Z (8 TeV), SCETIib - ) ,
-3 § 4 0.116 ® ppo ® matching exp. uncertainty
MSHTaN3LO, 80 < my < 100 GeV, |Y| < 1.6 o2 o puy * resummation x X?/“dof 2 1.5
_ ] . . | i |
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@ Even if each variation were a reasonable  sumofenvelopes: Aper = 2.43 x 10~
. . . -3
estimate how do we combine them? total envelope:  Apere = 1.73 X 10
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Perturbative Uncertainty froon MHOs - TNPs:

@ True source of uncertainty is the unknown higher order coefficients,
not some unphysical scale, not something proportional to lower order:

NNLO : f =fy+ af) + o’ + a3f; + ...

@ It is their appearance within the higher order structure (which we
often know partly - channels, colours, etc and know almost completely
in the resummation case here) that provides the correlations.

See F.J. Tackmann
2411.18606
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3. Perturbative Uncertainty

Perturbative Uncertainty froon MHOs - TNPs:
@ True source of uncertainty is the unknown higher order coefficients,
not some unphysical scale, not something proportional to lower order:
NNLO : f =fy+ af) + o’ + a3f; + ...

@ It is their appearance within the higher order structure (which we
often know partly - channels, colours, etc and know almost completely
in the resummation case here) that provides the correlations.

@ Therefore must include the higher order structure as function of
unknown coefficients 6:

2+1 Cf = 2 3 See F.J. Tackmann
N LO: f fO + Ozf] + « f2 + « f3(93) i 18600
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3. Perturbative Uncertainty

Perturbative Uncertainty froon MHOs - TNPs:

@ True source of uncertainty is the unknown higher order coefficients,
not some unphysical scale, not something proportional to lower order:

NNLO : f =fy+ af) + o’ + a3f; + ...

@ It is their appearance within the higher order structure (which we
often know partly - channels, colours, etc and know almost completely
in the resummation case here) that provides the correlations.

@ Therefore must include the higher order structure as function of
unknown coefficients 6:

2+1 Cf = 2 3 See F.J. Tackmann
N LO: f fO + Ozf] + « f2 + « f3((‘)3) a1 10600

@ The variation of the “theoretical nuisance parameters” (TNPs)
within the higher order structure provides the MHO uncertainty.
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3. Perturbative Uncertainty

Perturbative Uncertainty froon MHOs - TNPs:

@ True source of uncertainty is the unknown higher order coefficients,
not some unphysical scale, not something proportional to lower order:

NNLO : f =fy+ af) + o’ + a3f; + ...

@ It is their appearance within the higher order structure (which we
often know partly - channels, colours, etc and know almost completely
in the resummation case here) that provides the correlations.

@ Therefore must include the higher order structure as function of
unknown coefficients 6:

2+1 Cf = 2 3 See F.J. Tackmann
N LO: f fO + Ozf] + « f2 + « f3( ) oa11 18606

@ The variation of the “theoretical nuisance parameters” (TNPs)
within the higher order structure provides the MHO uncertainty.
v" TNPs,
and are implemented within the higher order structure and
therefore encode correct correlations.
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3. Perturbative Uncertainty

Perturbative MHOU via TNPs in pr Resummation:

@ Consider pr-resummation case, leading power Pr dependence at small
pr is known to all-orders, e.g. in SCET:

d
pTd_;T = [H x By ® By @ S](as, L = log(pr/my)) + O(p2/m2)

More details in e.g. 2006.11382, 2411.18606 and references therein.
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3. Perturbative Uncertainty

Perturbative MHOU via TNPs in pr Resummation:

@ Consider pr-resummation case, leading power Pr dependence at small
pr is known to all-orders, e.g. in SCET:

d
prd—gr = [H x By ® By @ S](as, L = log(pr/my)) + O(p2/m2)

@ Each piece is resummed by renormalisation group evolution:

L
F(as. L) = F(as) exp] /O Al {Tas(YIL + 4 [0s(L)])

More details in e.g. 2006.11382, 2411.18606 and references therein.
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3. Perturbative Uncertainty

Perturbative MHOU via TNPs in pr Resummation:

@ Consider pr-resummation case, leading power Pr dependence at small

pr is known to all-orders, e.g. in SCET:

d
prd—gr = [H x By ® By @ S](as, L = log(pr/my)) + O(p2/m2)

@ Each piece is resummed by reno[malisation group evolution:
Flas. 1) = Flas)expl | al'{Tas(L)L + ¢ [os(L)]}
@ Structure of higher orders known, each piece has its own perturbative

expansion, e.g. at NNLL:
Fas) = Fo + ashy

[(os) = (g + (as)?T + (as) o

wr(0s) = (as)vro + (as)®ve

More details in e.g. 2006.11382, 2411.18606 and references therein.
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3. Perturbative Uncertainty

Perturbative MHOU via TNPs in pr Resummation:

@ Consider pr-resummation case, leading power Pr dependence at small

Pr is known to all-orders, e.g. in SCET:

d
pTd_gT = [H x By ® By ® S](as, L = log(pr/mz)) + O(p2/m2)

@ Each piece is resummed by reno[malisation group evolution:
Flas. 1) = Fas)expl | al'{TTas(L)L' + ¢ [os(L)]}
@ Structure of higher orders known, each piece has its own perturbative

expansion, e.g. at NNLL:
Boundary Conditions ——— F(as) = FO + asF-l

__T(es) = (ag)lo + (as)?M + (as) Ty
1 (0s) = (as)vro + (@s)* Ve

Anomalous Dimensions

More details in e.g. 2006.11382, 2411.18606 and references therein.
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3. Perturbative Uncertainty

Perturbative MHOU via TNPs in pr Resummation:

@ Consider pr-resummation case, leading power Pr dependence at small
Pr is known to all-orders, e.g. in SCET:

d
pTd_gT = [H x By ® By ® S](as, L = log(pr/mz)) + O(p2/m2)

@ Each piece is resummed by renormalisation group evolution:
L

Flas. 1) = Fas)expl | al'{TTas(L)L' + ¢ [os(L)]}
@ Structure of higher orders known, each piece has its own perturbative

expansion, e.g. at NNLL:
Boundary Conditions ——— F(as) = FO + asF.l + CY%FQ(Q)

o Tas) = (as)o + ()T + (as)®Ty + all3(6)

5 (05) = (as)yro + (as) e + 8vr2(6)
@ Each perturbative expansion has unknown higher order coeffficient =
actual sources of MHOU, vary them as TNPs = “N2+TLL".

More details in e.g. 2006.11382, 2411.18606 and references therein.
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Perturbative MHOU via TNPs - Our setup:

@ 7 TNPs, implemented at N3*TLL, 1 for each NALL ingredient:

» Soft function, S » Cusp anomalous dimesion I
» Hard function, H » Non-cusp anomalous
» Beam functions, Bgg, Bgg dimensions v,,, 7,.

(Uncertainties in units of 10_3).
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Perturbative MHOU via TNPs - Our setup:

@ 7 TNPs, implemented at N3*TLL, 1 for each NALL ingredient:

» Soft function, S » Cusp anomalous dimesion I
» Hard function, H » Non-cusp anomalous
» Beam functions, Bgg, Bgg dimensions v,,, 7,.

@ Varied within full N*LL structure (left below) = correct theory
correlations, physical shape information.

SCETIlib N*+LL pp — Z (8 TeV)

sL MSHTaN3LO, 80 < mu < 100 GeV, Y| < 1.6 ]
= Toup == S
2 % Tn ~" Bgg ]
% By

rel. difference [%)

5 10 15 20 25 30 (Uncertainties in units of 1073).
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Perturbative MHOU via TNPs - Our setup:

@ 7 TNPs, implemented at N3*TLL, 1 for each NALL ingredient:

» Soft function, S » Cusp anomalous dimesion I
» Hard function, H » Non-cusp anomalous
» Beam functions, Bgg, Bgg dimensions v,,, 7,.

@ Varied within full N*LL structure (left below) = correct theory
correlations, physical shape information.

@ Fit as to each variation of Ag = 1 (right below): (“Scanning”)

4,

I I [ [ ] SCETIib N*+1LL Z pr Asimov
SCETIib N3+1LL pp — Z (8 TeV) exp. uncertainty | (ATLAS 8 TeV unc.)
3L MSHTaN3LO, 80 < my < 100 GeV, |Y| < 1.6 ] total
N ~ Leusp === S — By,
§ E T e “= Byq Bug
g — B
z T a9 [ s
g ---H
c H
g 4 .
S B 4+
! | | | | TR, R 3
-1 5 10 15 20 25 30 0.116 0117  0.118 0.116 0.120 (Uncertainties in units of 107°).
ay(mz)
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Perturbative MHOU via TNPs - Our setup:

@ 7 TNPs, implemented at N3*TLL, 1 for each NALL ingredient:

» Soft function, S » Cusp anomalous dimesion I
» Hard function, H » Non-cusp anomalous
» Beam functions, Bgg, Bgg dimensions v,,, 7,.

@ Varied within full N*LL structure (left below) = correct theory
correlations, physical shape information.

@ Fit ag to each variation of Ag = 1 (right below): (“Scanning”)

4,

e I [ [ ! SCETIib N*+ILL Z pr Asimov, X
SCETIib N3+LL pp — Z (8 TeV) exp. uncertainty | (ATLAS 8 Tev we)|  Each TNP is an
3L MSHTaN3LO, 80 < my < 100 GeV, |Y| < 1.6 ] total
= independent source of
SN = Leusp ==~ 8 —_— By, P
g of w77 Ba ~— 1 B, | uncertainty, fully
g W By
£ - H ] — 1 S| correlated across pPr
° H
CR S Nl I I S L R spectrum => combine in
e e T b1 % | quadrature: Agorar = 1.75.
. L L L L L L L b e -3
- 5 10 15 20 25 30 016 0.17 0.118 0.119 0.120 (Uncertainties in units of 107).

as(mz)
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Perturbative MHOU via TNPs - Profiling:

@ On the last slide we scanned each TNP separately and absorbed all of
its change into aig, “Scanning’”.

See 2506.13874 for more details!
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3. Perturbative Uncertainty

Perturbative MHOU via TNPs - Profiling:
@ On the last slide we scanned each TNP separately and absorbed all of
its change into aig, “Scanning’”.
@ As the TNPs are real physical parameters, we can instead profile them
= i.e. fit them all simultaneously + ag, accounts for correlations
amongst TNP impacts.

See 2506.13874 for more details!

Aay(mz) [1077]
—0.3 —0.2 —0.1 0.0 0.1 0.2 0.3
T T T T

N**'LL vs NLL Z qr Asimov

W1 post-fit Aa,| (ATLAS 8 TeV unc.)

A0, =1
By e
By, -

§| et

H e

W e

T v P Y
Teusp ——————  *

| | . .
-1.5 -1.0 =0.5 0.0 0.5 1.0 1.5
post-fit constraint
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Perturbative MHOU via TNPs - Profiling:

@ On the last slide we scanned each TNP separately and absorbed all of
its change into aig, “Scanning’”.

@ As the TNPs are real physical parameters, we can instead profile them
= i.e. fit them all simultaneously + ag, accounts for correlations
amongst TNP impacts.

@ This is “Profiling”, also enables data to constrain amount of TNP

variation and reduce MHOU uncertainty: et 250613874 for more detaiel

Aa,(mz) 1079
—0.3 —0.2 —0.1 0.0 0.1 0.2 0.3
T T T T
NHILL vs NALL Z qr Asi = ¢ ] T T
0 post-fit Ac,| (ATLAS % SCETIlib N**!LL vs NYLL post-fit
= 3l pp — Z (8 TeV) )
By, 7z MSHTaN3LO, 80 < my, < 100 GeV, |Y| < 1.6
£ 2N YW S total
< Ve,
° 2 Y 7 By total pre-fit
H o 4
2
W —f 2
O
-]
Y| P— | izt
Tow| +————f—— & | B
_ | I , L
B g e X O W R 5 10 20025 30

post-fit constraint
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Perturbative MHOU via TNPs - Profiling:

@ On the last slide we scanned each TNP separately and absorbed all of
its change into aig, “Scanning’”.

@ As the TNPs are real physical parameters, we can instead profile them
= i.e. fit them all simultaneously + ag, accounts for correlations
amongst TNP impacts.

variation and reduce MHOU uncertainty:

Aay(mz) [1079)
—~0.3 —0.2 —0.1_0.0

0.1 0.2
T

0.3

T T
N**'LL vs NLL
1 post-fit Aa,

F *

(ATLAS

e
ol

T
Zq

—

L L
5 —1.0 =0.5 0.0 0.5

post-fit cons

aint

Thomas Cridge

rel. difference to central NLL[%)]

Xy Yu

SCETIlib N**!LL vs NYLL post-fit

pp — Z (8 TeV) |

MSHTaN3LO, 80 < my < 100 GeV, Y| < 1.6
== Peusp ~=~ H By,
--- 5 total

T = Byq

total pre-fit

@ This is “Profiling”, also enables data to constrain amount of TNP

See 2506.13874 for more details!

SCETIlib
profiled against N*LL|

Z pr Asimov
(ATLAS 8 TeV unc.)

+0.47
—-0.50

N3HILL

N2HLL —e—y 1000
62

0117 018 0110

as(mz)

0.116 0.120



4. Non-Perturbative Uncertainty

Non-perturbbative
Uncertainty
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4. Non-Perturbative Uncertainty

More details in:

Non—perTurbOTive UncerTOinTy: TC, G. Marinelli, F.J. Tackmann, 2506.13874

@ Much of sensitivity to ag comes around the Sudakov peak =
sensitivity to non-perturbative effects.

@ For 1/br ~ gr > Aqcp can systematically expand in OPE:

fcx, br, 1, @) =F"(x, br, 1, @) x {1 4 B/ () + X510 22+ 0N}
0
@ Transverse-Momentum @ Collins-Soper (CS) Kernel
Dependent (TMD) PDF (rapidity evolution)

@ We keep both contributions up to quartic with additional parameters
Noo, Moo determining by — oo behaviour.

@ Choose interpolating functions for non-perturbative contribtions to CS
kernel 52°"°(b;) and TMDPDF frene(br) satisfying Collins Rogers:

7R (hy — 0) ~ b2,  Fi"(b; — c0) ~ const

10¢ (Funplr = 0)) ~ b7 10g (nplbr = o0) ) ~ by

Thomas Cridge Theory Uncertainties on ag from Z pr
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4. Non-Perturbative Uncertainty

More details in:

Non—perTurbOTive UncerTOinTy: TC, G. Marinelli, F.J. Tackmann, 2506.13874

@ Previous results shown were with fixed non-perturbative model (and
parameters) in the fit (top point).

@ Fit simultaneously non-perturbative N3+ILL vs N'LL Z qr Asimov
L. — profiled TNPs | (ATLAS 8 TV unc.)
parameters and ag (blue) or joint N oo
with TNPs (red). 1o nonp. 1 —0:06:—0250
@ Fitting also CS kernel parameters 4, x,, 0.24)+0.69
. . + lattice —re——i 1024, .
Increases uncertainty. —0.26,—0.72
. +1.41
@ CS Kernel can be constrained by Asasda| o>
lattice data (P. PIsBI SCET Workshop .
Aoy | +0.19,+0.67
2024) . ’ —0.19,—0.71
Ao =17%0.5 | I I I
7, = 0.09 +0.03 0.115 0.116 0.117 0.118 0.119 0.120 0.121
»=0.09 %0,

as(mz)
44 =0.007 £ 0.007

@ Fitting non-perturbative together with TNPs reduces constraints and
enlarges uncertainty.
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5. PDF Uncertainty

PDF Uncertainty
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5. PDF Uncertainty

PDF Uncertainty in determining as from Z pr:
@ PDF Uncertainty also significant on ag from Z pr, e.g. “scanning”:

0.121 N3LL’ SCETlIib scale variations for as

e PDF members PDF uncertainty
0.120
_ o9 AaEPF ~ 10.4 x 104
N .
. . S °
e
o . e
3
0.117
0.116 Y = [0.0,0.4,0.8,1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6]
8TeV, Z pr, ATLAS binning, pZ < 29 GeV
SCETIib preliminary
0-115 10 20 30 10 50
Nyar
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5. PDF Uncertainty

PDF Uncertainty in determining as from Z pr:
@ PDF Uncertainty also significant on ag from Z pr, e.g. “scanning”:

0.121 N3LL’ SCETlIib scale variations for as
¢ PDF members PDF uncertainty

0.120

0-119 AakPF ~ 104 x 107

0.118

ag(mz)

0.117

Y = [0. .4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.
0116 [0.0,0.4,0.8,1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6]

8TeV, Z pr, ATLAS binning, pZ < 29 GeV
SCETIib preliminary

10 20 Nv:: 40 50
@ But, new precise Z pPr data can also constrain PDFs = profile to

constrain PDFs simultaneously with ag.

0.115,
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5. PDF Uncertainty

PDF Uncertainty in determining as from Z pr:
@ PDF Uncertainty also significant on ag from Z pr, e.g. “scanning”:

0.121 N3LL’ SCETlIib scale variations for as

e PDF members PDF uncertainty
0.120
_ o9 AafPF ~ 104 x 1074
N .
. . S °
e
= 5 .
3
0.117
ote Y = [0.0,0.4,0.8,1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6]
8TeV, Z pr, ATLAS binning, pZ < 29 GeV
SCETIib preliminary
0-115 10 20 30 10 50
Nyar

@ But, new precise Z pr data can also constrain PDFs = profile to
constrain PDFs simultaneously with ag. Relies on 2 assumptions:
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5. PDF Uncertainty

PDF Uncertainty in determining as from Z pr:
@ PDF Uncertainty also significant on ag from Z pr, e.g. “scanning”:

N3LL’ SCETIib scale variations for as
¢ PDF members PDF uncertainty

0.121

0.120

0.119 AafPF ~10.4 x 107

0.118 5 2ese

ag(mz)

0.117

Y = [0.0,0.4,0.8,1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6]
8TeV, Z pr, ATLAS binning, p% < 29 GeV
SCETIib preliminary

10 20 30 40 50
Noyar
@ But, new precise Z pr data can also constrain PDFs = profile to

constrain PDFs simultaneously with ag. Relies on 2 assumptions:

0.116

0.115,

@ The PDFs are not altered significantly (i.e. central values
moved < 1o and uncertainties not substantially changed).

@ PDF uncertainties, representing constraints of previous data in
PDFs, are consistently included alongside the new data (Z pr).
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5. PDF Uncertainty

PDF Uncertainty - Tolerance in Profiling
@ Naively profile, construct joint 2 for PDF and new data:

2 _ 2 2
Xtotal = Xnew data + XpDF

new data

= Y OB+ TS0 -+ Y T 4y 0P
ij=1 k I P

Thomas Cridge Theory Uncertainties on ag from Z pr



5. PDF Uncertainty

PDF Uncertainty - Tolerance in Profiling
@ Naively profile, construct joint 2 for PDF and new data:

2 _ 2 2
Xtotal = Xnew data. + XPDF

new data
_ = PDF yPDF\~—1(1y _ F. PDF »PDF PDF 2
= > Oi—E+ Y PHCTO -5+ ) TP ) @
ij=1 K I Kk
N3LL’ SCETlIib scale variations for as

0.121
e PDF members PDF uncertainty
0.120
0.119 AafPF ~ 4.3 x 1074
N
£ e e e — = Large uncertainty reduction
. — - cenet sen®asg -
;:E T e E from profiling the PDFs!
0.117
0.116 Y = [0.0,0.4,0.8,1.2,1.6, 2.0, 2.4, 2.8, 3.2, 3.6]
8TeV, Z pr, ATLAS binning, pi < 29GeV
SCETIib preliminary
0-115 10 20 30 10 50
Noar
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5. PDF Uncertainty

PDF Uncertainty - Tolerance in Profiling
@ Naively profile, construct joint 2 for PDF and new data:

2 _ 2 2
Xtotal = Xnew data. + XPDF

new data

= ) @&+ TN O -F+ Y O Y O
ij=1 P / p

0.121 N3LL’ SCETlIib scale variations for as

e PDF members PDF uncertainty
0.120
0.119 AafPF =~ 4.3 x 107
EED B S P S = Large uncertainty reduction
T BT AR e from profiling the PDFs!

0.117
Y = [0.0,0.4,0.8,1.2,1.6,2.0, 2.4, 2.8, 3.2, 3.6]

8TeV, Z pr, ATLAS binning, pZ < 29 GeV
SCETIib preliminary

10 20 30 40 50

Noar

@ Issue - Last term Zk(GEDF)Q represents y2 penalty to move PDF away
from its previous best fit, given by constraints of data in PDFs.

@ But many PDFs (MSHT, CT) use a “tolerance” so PDF uncertainty

given by Ax2 # 1, but instead Ay? = T2

0.116

0.115,
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5. PDF Uncertainty

PDF Uncertainty - Tolerance in Profiling
@ Naively profile, construct joint 2 for PDF and new data:

2 _ 2 2
Xtotal = Xnew data + XPDF
new data
- E: _E E:PDFPDF -1n _F }:PDFPDF 2:2 PDF 2
= Dy — Ej + F O )C/j Oy —E + I—j, 0,=")  + T @, )”.
ij=1 K I Kk
o121 N*LL/ SCETIib scale variations for as
« PDF members PDF uncertainty

0.120
0.119 AaLPF x~ 4.3 x 1071
oiis -, T . = Large uncertainty reduction

ag(mgz)

from profiling the PDFs!

0.117

Y = [0.0,0.4,0.8,1.2,1.6,2.0,2.4, 2.8, 3.2, 3.6]
8TeV, Z pr, ATLAS binning, pZ < 29 GeV
SCETIib preliminary

10 20 30 40 50

0.116

0.115,

Noar

@ Issue - Last term Zk(GEDF)Q represents y2 penalty to move PDF away
from its previous best fit, given by constraints of data in PDFs.

@ But many PDFs (MSHT, CT) use a “tolerance” so PDF uncertainty
given by Ax2 # 1, but instead Ay? = T2 = need to include factor TE.
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5. PDF Uncertainty

PDF Uncertainty - Tolerance in Profiling

@ What effect does this have for our asimov Zo7 pseudodata?
@ First PDF uncertainty: Main impact of data is on gluon uncertainty:

Thomas Cridge Theory Uncertainties on ag from Z pr



5. PDF Uncertainty

PDF Uncertainty - Tolerance in Profiling

@ What effect does this have for our asimov Zo7 pseudodata?
@ First PDF uncertainty: Main impact of data is on gluon uncertainty:

LOF E
5
£ oo
Z
Z PRELIMINARY
>
o Q=100 GeV -
2 —— MSHT20 aN3LO profiled T=1
> ~—— MSHT20 aN3LO profiled T=3
(.4 — MSHT20 aN3LO profiled T true e
R 11T B W W V¥ B W W W W 111 M S W R 1171 B R R T
10° 107! 107° 107 10!
T

@ Still significant constraints placed on gluon even with tolerance factor
correctly included = precision data.
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5. PDF Uncertainty

PDF Uncertainty - Tolerance in Profiling

@ What effect does this have for our asimov Zo7 pseudodata?
@ First PDF uncertainty: Main impact of data is on gluon uncertainty:

Lo =
3
Eo0s
jas]
1%}
= PRELIMINARY
>
o Q=100 GeV -
B —— MSHT20 aN3LO profiled T=1
> —— MSHT20 aN3LO profiled T=3
(.4 — MSHT20 aN3LO profiled T true -
¥ 1T S B N ¥ 1V R W N 11 R covnnl 0
10°° 107 107 107? 107!
X

@ Still significant constraints placed on gluon even with tolerance factor
correctly included = precision data.

@ By including the Tolerance you satisfy assumption 2 from earlier.
@ In addition, tolerance (correctly!) reduces both pull on central value
and uncertainty reduction, making you less likely to fail assumption 1.
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5. PDF Uncertainty

PDF Uncertainty - Tolerance in Profiling Preliminary!
@ How can | propagate this to aig uncertainty? Suggestion:
@ Two-step profiling:
@ First profile PDFs including factor of T2 to correctly account for
existing PDF uncertainties = obtain consistently profiled PDFs.

@ Then perform fit with Ax? = 1 and obtain PDF uncertainty by
scanning profiled PDFs as new input set.

Thomas Cridge Theory Uncertainties on ag from Z pr



5. PDF Uncertainty

PDF Uncertainty - Tolerance in Profiling Preliminary!
@ How can | propagate this to aig uncertainty? Suggestion:
@ Two-step profiling:
@ First profile PDFs including factor of T2 to correctly account for
existing PDF uncertainties = obtain consistently profiled PDFs.

@ Then perform fit with Ax? = 1 and obtain PDF uncertainty by
scanning profiled PDFs as new input set.

N3LL’ SCETIlib scale variations for ag
o PDF members PDF uncertainty

0.121

0.120

0.119 AafPF = 7.4 x107*

by ry Ll a"a
0.118* oo v—5 5w [t =

ags(mz)

0.117

Y = [0.0,0.4,0.8,1.2,1.6,2.0,2.4,2.8, 3.2, 3.6]

8TeV, Z pr, ATLAS binning, p% < 29GeV
SCETIib preliminary
0115 10 20 30 10 50

Nvar . . .
@ PDF uncertainty on ag enlarged relative to incorrect profiled T = 1
case but still reduced substantially relative to “scanned” case.

Thomas Cridge Theory Uncertainties on ag from Z pr
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6. Conclusions

Conclusions
@ Precision Z pr data can determine ag with competitive theory precision.
@ However to do so requires more analysis of theoretical uncertainties.
@ Scale variations are however insufficient to gauge theoretical uncertainty
on shape effects = use Theory Nuisance Parameter approach.
@ Profiling TNPs allows reduction of perturbative MHO uncertainty.

@ PDF uncertainty reduced by profiling = must do consistently with
tolerance, even then significant constraints can be placed on the PDFs.

More information in our paper: T.C., G. Marinelli, F.J. Tackmann 2506.13874.
More details on TNPs generally in F.J. Tackmann 2411.18606.
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6. Conclusions

Conclusions

Precision Z pr data can determine ag with competitive theory precision.

However to do so requires more analysis of theoretical uncertainties.

@ Scale variations are however insufficient to gauge theoretical uncertainty
on shape effects = use Theory Nuisance Parameter approach.

@ Profiling TNPs allows reduction of perturbative MHO uncertainty.

@ PDF uncertainty reduced by profiling = must do consistently with
tolerance, even then significant constraints can be placed on the PDFs.

@ To come:

» Evaluation of other sources of subleading uncertainty: heavy quark
masses, non-singular contribution, fit to real data!l

More information in our paper: T.C., G. Marinelli, F.J. Tackmann 2506.13874.
More details on TNPs generally in F.J. Tackmann 2411.18606.
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6. Conclusions

Conclusions

@ Precision Z pr data can determine ag with competitive theory precision.

@ However to do so requires more analysis of theoretical uncertainties.

@ Scale variations are however insufficient to gauge theoretical uncertainty
on shape effects = use Theory Nuisance Parameter approach.

@ Profiling TNPs allows reduction of perturbative MHO uncertainty.

@ PDF uncertainty reduced by profiling = must do consistently with
tolerance, even then significant constraints can be placed on the PDFs.

@ To come:

» Evaluation of other sources of subleading uncertainty: heavy quark
masses, non-singular contribution, fit to real data!l

Thankyoul!
Any Questions?

More information in our paper: T.C., G. Marinelli, F.J. Tackmann 2506.13874.
More details on TNPs generally in F.J. Tackmann 2411.18606.
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7. Backup Slides

Backup Slides

Note: T. Cridge wishes to thank the Research Foundation-Flanders (FWO) for support under project number:
12E1323N and grant K121925N.

Thomas Cridge heory Uncertainties on ag Zpr



Theory Nuisance Parameters:

Theory input: N**LL+NNLO

e (SCETIib and DYturbo)
@ Where have TNPs been utilised so far? R YYST )
§fows e,
» Our work on ag from Z pr. g0 =2y ]
z = Other

CMS myy 2412.13872

» MSHT20 approximate N3LO PDFs

» CMS my, determination. i
(slightly different form, same spirit). 0

j
» Investigation of fixed order uncertainties. 5 R p
Resum. TNP. Nonpert.
0130 1 Top MO GeuqBpegn = = ay \ .

40 50
p" (Gev)
0.126

o122 |

a(M?) 0118

0.114

0.110 |

0.106 |

Ervubads Pt sl v,

W) 6] prib ) (6] W)

TC et al, MSHT20aN3LO + ag, 2207.04379, 2404.02964, etc. Lim, Poncelet, 2412.14910

@ In general important as theory uncertainties come to dominate,
particularly where shape effects and/or theory correlations are vital.
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Our Study:

@ Aim: Answer Question - What is the expected theoretical uncertainty
in extracting ag from Z pr?

TC, G. Marinelli, F.J. Tackmann, 2506.13874

@ Method: Asimov test - use pseudodata with the experimental
uncertainties and correlations of the ATLAS 8 TeV Z p; measurement
and examine key sources of theoretical uncertainty: ATLAS: 2309.00318
@ Perturbative Uncertainty from Missing Higher Orders (MHOU).
© PDF Uncertainty.

© Non-perturbative Uncertainty. ATLAS: 230012086
Experimental uncertainty +0.44)
mostly given by fitting the nonperturbative PDF uncertainty +0.51)
model parameters A (Scale variation uncertainties +0.42)
.../ Matching to fixed order 0 -0.08
strong correlation between agand PDFs: ¥ Non-perturbative model +0.12  -0.20 :
agseries of PDFs in the range 0.114 < ag(m,) < 0.120, F‘;g"l‘;]‘;‘“del +°<4°0 1;"29
uncertainties Hessian profiled [MSHT20aN3LO] g"LL approximation 1004
fit repeated for each scale variations: Total +091 -0.88
0.11786 < ag(m,) < 0.11870, range’s envelope N
§ i Inunits of 107
as the missing higher order uncertainties

@ Other sources neglected for now - okay as it's an Asimov study.
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7. Backup Slides

Unprimed vs Primed Counting:

Boundary cond. Anomalous dimensions | FO matching
Order (FO singular)  ~; (noncusp) Teusp, 3 | (nonsingular)
LL 1 - 1-loop -
NLL 1 1-loop 2-loop -
NLL’ (+NLOy) s 1-loop 2-loop R
NNLL (+NLOg) ag 2-loop 3-loop ag
NNLL’ (+NNLOy) o? 2-loop 3-loop a?
N3LL (+NNLOy) a? 3-loop 4-loop a?
N3LL' (+N3LOg) @3 3-loop 4-loop ol
N*LL (+N3LOy) a? 4-loop 5-loop al

e Resummation order is uniquely specified by perturbative order of boundary
coefficients and anomalous dimensions (each is convergent on its own)

® Can show that with these ingredients, all (next-to)"leading logarithmic terms
afL* ™ inIn(do/dgr) are captured forall k > 1

® At “primed” orders, boundary conditions are included to ai higher in addition

> Improves residual dependence on boundary scales

> Ensures integral of (reexpanded) matched spectrum is N™LO cross section
Slide from J. Michel, LHC EWWG p7 benchmarking 2022
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7. Backup Slides

Resummation Formulae:

Leading-power terms factorize into hard, collinear, and soft contributions:

[Collins, Soper, Sterman '85; many different formulations] Ta,b = (Q/Ecm)eiy
do’sing

2 x 2 —
aQavays = 2 Har(@'s 1) X [BaBuS(Q% s 20, Prs 1)

[BoByS] = /d?ﬁa APy A%, 6P (By — Ko — Ry — )

X Ba(mav Eav K, V/Q) Bb(mbv Ebv 122 V/Q) S(E“ [22] V)
dng iET'ﬁTB 2 = b
(2‘“_)2 € a(mﬂ-a br, p, V/Q) Bb(mb9 br, p, V/Q) 5( OT 5 s V)

A%br 5 = _
(2_“_;2 e brPr faT]\ID(a:at bT! Ky Ca) be]\ID(mb, be Ky Cb)

® forby < 1/Aqcp, beam functions can be calculated in terms of collinear PDFs:

dz x
Bi(e,br, wv/Q) = 3 [ 2 Ty (2,00, 1m,0/Q) £5(2, 1) + 0% Aden)
J
® Equivalent relation holds for TMD PDFs (coefficients often called C; ;)

Slide from J. Michel, LHC EWWG p7 benchmarking 2022
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7. Backup Slides

Perturbative MHOU via TNPs - Profiling Analysis:
@ Profile N2*'LL against (largely) known N4LL:

Aay(mz) [10~°]
—04 —0.2 0.0 02 04
T

T T
T N2HILL vs NLL Z qr Asimov

10 T T T T
X gt SCETIlib NZHILL vs NLL post-fit E W) post-fit Acy,| (ATLAS 8 TeV unc.)
3 4 pp— Z (8 TeV) | Abdn=1
E 7k MSHTaN3LO, 80 < my < 100 GeV, |Y| < 1.6 3 qu ——
= —= Teup --- H B
Z 6k cusp a9 ] By
“é 50 —lan --- 8 total E

E e

: 4E> — 7, = By total pre-fit 3 s
‘; 3f H ————
<
£ . S T
o 1
= k7
= 0 n — g
3 1 Taw S ——

5 | . . . . . | | .

‘0 5 10 15 20 25 30 -1.5 -1.0 —=0.5 0.0 0.5 1.0 1.5
qr [GeV] post fit constraint

@ pr spectrum pulled towards “true” N4LL (left) and uncertainty driven
by data constraints. Theory over-constrained = sign of need for
higher Order theory. More details in: TC, G. Marinelli, F.J. Tackmann, 2506.13874

@ TNPs strongly pulled towards correct values % (right).
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Changing Prior Theory Constraint:

What happens by changing the prior theory constraint?

, . (e N3+1 . 4
Using now 0, = 0+ Af, with AG, = 1,2,4 (FIN?*LL against N*LL data)
SCETIib N**'LL Z pr Asimov > profiling substantially reduces the
against N'LL (ATLAS 8 TeV unc.) dependence on theory constraint
1051 (with scanning, a, unc. directly depends on
Abn = 4 —0.47 choice of A6),)
+0.49 > the effect relative to the theory constraint
Aby = 2 I —0.48 strongly depends on the power of the
experimental constraint
+0.47
Aln=1 ] —0.50 > only slight difference in the uncertainties
when relaxing the TNP constraint
1

! | ! I 1
0.116 0.117 0.118 0.119 0.120
as(mz) More details in: TC, G. Marinelli, F.J. Tackmann, 2506.13874

Slide from G. Marinelli, SCET 2025
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Results at different orders:

SCETIib Z qr Asimov

profiled against N‘LL| (ATLAS 8 TeV unc.)
440 _d +0.41
NTILL N —0.37
341 - +0.47
N*LL —0.50
340 ey 10.44
N*PLL P —0.43
NZHILL 10.66
—0.62

IS NP I P I | PN I

0.116 0.117 0.118 0.119 0.120
as(mz)

@ Here profiling TNPs only and against N?LL, see later for profiling
TNPs + non-perturbative.

More details in: TC, G. Marinelli, F.J. Tackmann, 2506.13874
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TNP Distribution for Boundary Conditions:

F0) =4C4CY ' (n-1)10)

0.7
Mentries = 21

w=—0.24+024
oc=11210

e
fa(ny =5)
2loop

-
fi(ng=5)
1loop

relative count
relative count

Fitto a Gaussian with § # Oand A, = 1

v

Ty
fs(ny=5) 3

relative count
relative count

-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

6!
Slide from G.AMarinelli, SCET 2025
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TNP Distribution for Anomalous Dimensions:
1a(0,) = 2C(4C" 0;

0.8

0.6

0.4

relative count
relative count

0.2

0.8 T / 0.8 T
Tentries = 24 ~3(ny = 5) Thentries = 8 ~a(ng =5) ]
p=—0.29+0 4 1oo p=—0.69 + 51oop ]

‘50'6 o =0.96 £ 0.14 P ‘50'6 o=099+0 p,
E S 1
204 g 04 b
g g ]
@ o 7
=02 =02 B

o
Slide from G.AMarinelli, SCET 2025
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TNP Distribution for Anomalous Dimensions:

How tovary 6,?
a ag\? as\’ ag\* ag\’
AD: y(ag = —p+ (=) n+ (=) n+ (=) nu+ (=) s+0(al
7(ag) ir 71 ( 47[) I¢) ir 73 iz Ya in s (as)
a\" 4.0 56.2 474.9 2824.8 42824.1 —ml2
.. S
factorizing out (—)
4n 5.3 36.8 239.2 141.2 70000.0 | .
2.0 7.0 14.8 22.1 83.6
factorizing out 2 - 4"
2.7 4.6 7.5 1.1 136.7
1.5 1.8 1.2 0.6 0.8
factorizing out C,C}{
2.0 1.5 0.6 0.03 1.3
> Iterate this game with different functions and do some “statistics”: — | 0,=0%1

look at known n—loop coefficients from population sample here

Slide from G. Marinelli, QCDOLHC 2024
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More details in:

Non—perTurbOTive UncerTOinTy: TC, G. Marinelli, F.J. Tackmann, 2506.13874
@ Much of sensitivity to ag comes around the Sudakov peak =
sensitivity to non-perturbative effects.
@ How does the non-perturbative model effect the theoretical
uncertainty? Enters in two places:

» Collins-Soper (CS) Kernel for » Transverse-Momentum
rapidity evolution: Dependent (TMD) PDF:
Rlbp) =72 (B30 4 72 F®D = Foen®) (1)
PR .
72mP(by) = —Amfb(zb%ib%) In (Frng(br)) = = A brf<A2 bt b3>
@ We take take f,(X), f(X) and utilise 6 parameters (cf 4 in ATLAS, all
in TMD):

f (A—Zlﬁ + A—4b;> = tanh (ﬁb% + ﬂb}‘) A, A and Ay, A, quadratic/quartic small by coefficients
4 oo 4 4 Age » A determine b — oo behavior

o

) Fp°"P (b — 0) ~ b2, 57 (br — o) ~ const
log(fronp (b1 — 0)) ~ b2 log(fronp (b1 — 00)) ~ br
Collins, Rogers 1412.3820

A 5 A
f(;\\—zbr + A—‘b;> =2tanh (%br + A—‘b;
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Constraints on Non-Perturbative Parameters:

> parameters fitted 1, 4, Ay, A, + lattice QCD constraints

T T
SCETIib Z pr Asimov
(preliminary) (ATLAS 8 TeV unc.)
A including lattice
4
Ao
H—e—A
A4
Az —_—
n 1 n n n n n n n n 1 n
—50 0 50
% uncert.

*note no PDF dependence included for this plot Slide from G. Marinelli, SCET 2025
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More details in:

Post-fit constraints on N3*TLL: v a. wmein, ro. Taceman, 250813678

@ Profile N3*'LL TNPs against N4LL whilst simultaneously fitting
non-perturbative parameters + including lattice constraints:

Aag(mz) [1079)
—0.6 —0.4 —0.2 0.0 0.2 0.4 0.6
T T

T T T T

— T T

X SCETIib N3*1LL vs N“LL post-fit NHHLL vs NILL Z qr Asimov

= pp — Z (8 TeV) W0 post-fit Aa,| (ATLAS 8 TeV unc.)

= . MSHTaN3LO, 80 < my < 100 GeV, |Y| < 1.6 A, =1

Z )

= A2 TNPs Az ——
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@ N3+TLL pulled towards “true” NALL values *.

@ Data now also constrain non-perturbative params so therefore less
constraint on TNPs.
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PDF Uncertainty - Tolerance in Profiling Preliminary!

@ Neglecting the T2 tolerance leads to pulling and constraining the
global PDFs too much, inconsistent with the global PDF fit.
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PDF Uncertainty - Tolerance in Profiling Preliminary!
@ Neglecting the T2 tolerance leads to pulling and constraining the
global PDFs too much, inconsistent with the global PDF fit.

@ E.g. generate pseudodata = [« * gluon] and compare profiling with
full global PDF fit including this data:

Ratio of Theory to Data with x? Values

108
Alphas x Gluon

a(Mz)=0.118 Q = 100GeV

) ]
—e— Input theory (x* = 11.75)
—#— Output fit theory (x¢ = 8.54)

—4— Output profiled theory, T=
—+— Output profiled theory, T=3 (x2 = 9.07)
—¥— Output profiled theory, T=dyn (x: = 9.53)

Theory / Data
i

10 107 100 10
X
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PDF Uncertainty - Tolerance in Profiling Preliminary!

@ Neglecting the T2 tolerance leads to pulling and constraining the
global PDFs too much, inconsistent with the global PDF fit.

@ E.g. generate pseudodata = [« * gluon] and compare profiling with
full global PDF fit including this data:

Ratio of Theory to Data with x? Values

108
Alphas x Gluon

a(Mz)=0.118 Q = 100GeV

N /\ &
—e— Input theory (x* = 11.75) \/
—#— Output fit theory (x¢ = 8.54)

—4— Output profiled theory, T=1 (x¢ = 4.47)
—+— Output profiled theory, T=3 (x2 = 9.07)
—¥— Output profiled theory, T=dyn (x: = 9.53)

Theory / Data

10 107 100 10
X

@ 7 =1 (i.e. no tolerance included) pulled much more than T = 3 or
T = dyn (latter is using actual MSHT20 tolerances).
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PDF Uncertainty - Tolerance in Profiling Preliminary!

@ Neglecting the T2 tolerance leads to pulling and constraining the
global PDFs too much, inconsistent with the global PDF fit.

@ E.g. generate pseudodata = [« * gluon] and compare profiling with
full global PDF fit including this data:

Ratio of Theory to Data with x? Values

108
Alphas x Gluon

a(Mz)=0.118 Q = 100GeV

/\ &
—e— Input theory (x* = 11.75) \/
—#— Output fit theory (x¢ = 8.54)

—4— Output profiled theory, T=1 (x¢ = 4.47)
—+— Output profiled theory, T=3 (x2 = 9.07)
—¥— Output profiled theory, T=dyn (x: = 9.53)

Theory / Data
i

10 107 100 10
X

@ 7 =1 (i.e. no tolerance included) pulled much more than T = 3 or
T = dyn (latter is using actual MSHT20 tolerances).

@ 7 =3 and T = dyn much more consistent with global PDF fit result.
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Overview of Uncertainties Comparison

Uncertainties of Perturbative Origin:

" . Absolute uncertainty on cs(m5) in units of 10~3
Perturbative uncertainty y s(Mz)

ATLAS our estimate of expected size
Scale variations +0.42 +2.43
NALL* approximation +0.04 -
NALL approximation - +0.75
Flavor/quark masses +0.40 — 0.29 +1.32
Total +0.58 — 0.51 +2.87

Table: Comparison of perturbative uncertainties on as(mz) between ATLAS and an estimate of the expected size.
Other Uncertainties of Concern:
@ Non-perturbative effects: non-perturbative model does not reproduce
correct OPE - lack of CS kernel quadratic and quartic terms
(quadratic part just cancels out part from b, prescription).

@ PDF uncertainties from profiling underestimated due to lack of

inclusion of PDF tolerance.
More details in TC, G. Marinelli, F.J. Tackmann, 2506.13874 section A.2 and work in progress!
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