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Correction for detector effects not strongly depe
- Regardless, improved theory uncertainties, precision are essen
- Do results match expectation”

- Are discrepancies real”? Are they connected/from common underlying source’?
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H I
Theoretical dependence of mw extraction at hadron colliders III| |

- At e+e-, direct reconstruction of W mass in WW channel 7]
possible, but theory uncertainties still relevant : z
- WW vs. sart(s) is largely independent of theory, depends % 100 a :
on theoretical knowledge of spectrum to infer mwy g
= 50 107 g
- At hadron colliders, mw is not a direct observable | bhh " o 2w verer (Gt
- Hadronic decays of VW cannot be reconstructed with Ll e T
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- prt simplest experimentally, but depends on (unmeasured) W kinematics

- Independent measurement at LHC limited by M
- mrreqguires less theory extrapolation, pbut extremely challenging at high pileup

- ATLAS dominated by prt ~90% power (at < 1/3 pileup in 7 TeV)
- CDF has significantly better resolution due to lower energy, pileup,

combination ~65% from mr

- Machine-learning is promising for improv
focus of short-term CMS measurement

- Understanding of pt™ to extract mw from prt
s a leading challenge of the measurement
- State of the art calculations+auxiliary

measurements+tuning+. .. "

- Bulk of distribution at low values of pt
=>Understanding of this region cr
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- Since the ATLAS my measurement

push the state of the art

- Many calculations at
- NNLO V+j
- Almost equally important

EWWG resummation

benchmarking report,

https://indico.cern.ch/event/

“rogress in resummed calculations crit
NSLL on the market,
KNOWN and matched to

Wishlist for

N resummed ano

S the community effort

pTW modeling

n 2016, major progress has been made to
-O perturbative calculations
ical due to Importance of low pl region
with new results at NSLL', N4LL
‘esummed results

to validate procedures and codes

Currently participating groups and codes
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NangaParbat
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J. Michel
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- “Wishlist” item

- Keep up the excellent
- Do differences constit

sufficient to capture
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reSolve

SCET-based tools:
CuTe-MCFM
SCET1l1b

RadISH

WOrk!
Jte uncertainties” Are indivic

TMD global fit tools (Collins/Soper/Sterman formalism):

Scimemi, Vladimirov "17, 19
Bacchetta et al. '19

Isaacson 17

Direct QCD (Catani/de Florian/Grazzini formalism):
DYRes/DYTurbo

Camarda et al. '15, '19, '21

Coradeschi, Cridge '17

Becher, Neumann 11, '20

Billis, Ebert, JM, Tackmann "17, '20

Coherent branching/momentum-space resummation:

Monni, Re, Rottoli, Torrielli 16, "17, 19, "21

Jal uncertainty procedures

the true uncertainty of our

<Knowledge of the process”
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‘% Non-perturbative effects in mw I I"

Huge progress in resummed and FO perturbative calculations, but very low 3 e ames <o 7
W pr is sensitive to independent, less understood NP effects 2 n T
- Tune to measurements => robust, flexible parameterisation needed o -
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https://arxiv.org/pdf/2206.07598.pdf
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‘% Experimentally constraining theoretical uncertainties I I I

- Experiment always seek to provide results that drive/improve theory 8 7000 ATLAS 5 =8TeV, 2021t
' Lt 3 S N ﬂligel\ébs)zm =
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, . - g g5 T TS
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https://arxiv.org/pdf/1902.04323.pdf
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‘% Experimentally constraining theoretical uncertainties: beyond PDFs I||"

-/ boson Is extremely well understood experimentally
- Can we exploit this to learn more about W production (especially pr)?/

- ldeally posed as a statistical problem: define uncerta

W in a meaningtul way

- "Wishlist” items

- "Recipe” for transporting Z
measurements to VW

- Optimally: well-defined nuisance
parameters that can meaningfully be
orofiled in a likelihood fit
- EXpose parameters of a calculation

that have "true” values

(experimentally determinable)

- Aware of “theory nuisance
parameter’ Implementation in
SCETIib, but not available in public
mplementations

Kenneth Long

Nties which connect underlying parameters of Z and

1.15
1.10
@1.05
2
1.2¢ =
- ATLAS Simulation 1.00
115 E_ \s=7 TeV, pp— W+X, pp— Z+X
1.1 0.95
1'055 0.90
1_
0.95f 21
0.of &= Pythia 8 AZ "-ﬁ_-_- .
F — DyRes 1.0 T § .
0.85F — Resbos . 1
E—CuTe g :
T v b v v vy v by v v v by oy bvo o by v by _\
0% "5 10 15 20 25 30 3 4 E
p.“ [GeV. >
::51 K
“ L
o —=1F :
o B
_2_IIIl|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 o 10 15 20 25 30 35
pT[GeV]
F. Tackmann

https://indico.cern.ch/event/801961/contributions/3334772/



https://indico.cern.ch/event/801961/contributions/3334772/

H
‘% Theory vs. experiment for precision results I I I | |

- Optimally, new measurements would e published with -

CMS 359" (13 TeV)
. D . = _FT SRR T s L BN UL
comparisons to state-ot-the-art predictions. Practically: g wDaa G § b g Meneneme Bomes
- Development cycle of new theoretical predictions often S Thownes | 8
exceeds new precision measurements S . 2 swwee | 3
- Software may not be publicly available leshpEe g
- Jechnical iIssues/resources/time constraints (or laziness) N . ER
mit scope .Of COMPArisons in publishec paper N .
- HepData/Rivet essential for ease of comparison Y e
- "Wishlist” for theorists
- Public codes, open access development highly preferable s = I R S S
e ! 5§ 40- > [ y % 0.06 SCETLI}ZGSQSI%GW—
- Better usability => more likely to be used by non-experts 3 - « loms S = VL0,
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- Native multicore support E - ;o s .
— | = e = _100f SCETLIB :
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‘% Further benchmarking and technical considerations I I I | |

- Benchmarking of resummed predictions is a huge service 1o the field _ CMS, 7TV, Z - pp, ARy,

10 = I T 1 l I ‘ | FEE R | I

- Landscape of other calculations (FO QCD, higher-order EVV, mixed e -
| | . . e . otos -
corrections) 1S pernaps not as vast, but would still benefit from careful 3 ™ - e s e

_ ey B Powheg EW + Photos =

o E — = tfprace EW B

benChmarklng | | . 3 —+— Hprace LO + Photos =

- Difficult for us to know if differences are expected/acceptable or not i | ;_Mmﬁ—

- e.9., discrepancies in NLO EW predictions s Tt SR .

- Computational performance also an overlooked aspect o2 .
- Do we know how fixed order and resummation codes compare in e BREms

A . =

Sp@@pl and efficiency”? ] “— — E

- Multithread vs. MPI7? 9 e =

. , , 0.7 E- =

- DYTurbo developed with performance in mind. Other tools”? e . | =

o
a1
=t
5
a1
N
N
a1
W

Beiod
~ L
<
=

- Experimental use case (e.g., PDF weights in POWHEG MINNLO) can
nammer performance

- Development practices
- Slgnificant software expertise, and relatively higher person power, are present in experimental collaborations
- Jo our knowledge, most theoretical codes don't accept contributions (e.9., pull requests) directly
- We often "ix" things that annoy us
- Challenging to get these modifications into the upstream code. Diverging development cycles make

maintenance and preservation a major headache
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- In the near (and not so near) future, hadron
Ur main probe of mw
N huge theoretical progress in

colliders are o
- (Can envisio
next 20 years
- Enormous ¢

experimental challenges due to
and detector aging
- Mitigate with special runs, detector

- U

ata set will come wi

Looking forward

J|FMAM|J|J|A[S|IOND|J|FIMIAM|]|] |A|S|O|N|D(] |FIM|AM[] ] |A|S|ON|D|] [FMAM[] |J|A[S|ON

__h increaged JIFMAM|]|J|A|S|OIN|D|]|FIMIAM[]|]|A|S|ION|D]] [FIM/AM|J [J|A[S|OIND[]|FIMIAM[]|]|AS|O
Nign-pileup

Shutdown/Technical stop

Protons physics

Ions

Commissioning with beam

Hardware commissioning/magnet training

Upgrades, reconstruction advancements

- FCC-ee anticipates < 1 MeV unc. in mw

- “Wishlis

” tems

- Expe
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mental+theory hadron co

oroviding results that stand the
- Publish/maintain analyses -

me

reinterpreted with improved theory

ture ete- collider provides more direct, less theory-dependent measurement
from threshold scans

ider communities must meet the challenge of
test of t
hat can be

https://doi.org/10.1140/epjst/e2019-900045-4 15

FCC-ee?

FCCee W-pair threshold
. ——m,=80.385 GeV I,=2.085GeV
1 m,,=79.385-81.835 GeV, I'|,=2.085 GeV
___Im,=80.385 GeV, I'\,=1.085-3.085 GeV.

-
\®]

o(WW) (pb)
s

| |
gPSS 160 165 170
s (GeV)



https://doi.org/10.1140/epjst/e2019-900045-4

‘% Conclusions Ill

- The interplay between theory and experiment is critical to the advancement of our
understanding

- Extracting the VW boson mass at hadron colliders requires and exceptional level of interplay between
theory and experiment
- Qur goal Is always to reduce the theoretical dependence of our measurements
- Requires care, validation, and guidance

- We always “wish” for better, more accurate, more precise calculations.

- ... that are tast, easy to use, robust...

- We're In this together: how can experimentalists help”
- Measurements can improve calculations, which can then improve our measurements
- Always valuable to know It additional measurements, auxiliary material, or method of presentation

could benetit the development and validation of theoretical tools

- | he achievaple precision In my at lepton colliders is staggering, but hadron colliders still have a
long road ahead
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