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Introduction —

o Disclaimer: this talk does not include any new or groundbreaking ideas, but maybe a few thoughts for discussion

o We will reinterpret our measurements for a long time

- EWPO observables measured at LEP = part of our combined EFT fits decades later

o The nature of the reinterpretation may change over time
- Even if still EFT, we may consider (more) (higher dimensional) operators, different bases, flavour assumptions, higher order QCD, EW, ..

o Unfolded measurements have already been used extensively in EFT fits (especially outside the expt. collaborations)
- Non-exhaustive examples: Fitmaker [2012.02779], SMEFIT - [2105.00006], EFTHitter [1605.05585]

e Challenges:

- Usually only unfold 1-3 observables simultaneously = lack complete information about the process in question

- Backgrounds often assumed to be SM and subtracted

- For EFT often interested in high energy tails = low stats. = difficult to unfold / Gaussian regime not valid

- Reinterpretation assumes ¢ X A in bin same for SM and EFT

o This talk: a few analysis examples facing these issues
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https://arxiv.org/pdf/hep-ex/0509008

Current EFT approaches
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Fiducial/differential measurements with EFT
interpretation

or matrices

Unfolding, with likelihood fit
L(data | 0i)

vy — Koo)'V — K&) + 6P(5)

< L(data | oi(c;))

L 4
L 4

Can recast from o; to give ¢j, or other
parametrization of o

Direct EFT constraints (w/
optimised analysis)
aka "full-sim"

One direct fit:

L(data | )

x/|Can (in principle) recast from ¢; to

other congruent EFT basis

Often simplified info. made public:
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Discussed extensively in other talks!

E.g. talk from Sergio



https://indico.cern.ch/event/1378665/contributions/5876168/attachments/2842609/4973279/SanchezCruz_NotreDameWorkshop.pdf
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-011/index.html

Example: inclusive jets measurement

e Using unfolded cross section and associated covariance matrix, perform

simultaneous PDF and SMEFT fit using xFitter framework
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e Fit combinations of four quark



https://www.xfitter.org/xFitter/
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How we could reinterpret?

o Let's pretend we want to make a new EFT fit to this data, can we do it?
- Alot of what we need is already public:

ak7_xsec_ybinl 10.17182/hepdata.115022.v2/t21 https://www.hepdata.net/recc (] &~ | JSON

Figs. 6 (down) and 8

The inclusive jet production cross section as a function of the jet transverse momentum~prt measured in |y| < 0.5 for jets
clustered using the anti-k; algorithm with R = 0.7.
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Ingredients needed: CMS,
- Cross section measurements —

- Experimental covariance

- Reference theory predictions
- Theory covariance
- EFT paramterization

Uncertainties divided into fully-correlated (across
bins) components, and partially correlated
(statistical), for which correlation matrices are

provided = can reconstruct Vexpt

ak7_co rre[ations_y 1_y 1 10.17182/hepdata.115022.v2/t25 https://www.hepdata.net/recc (7] &~ JSON

Fig.2

The correlation matrix at the particle level of inclusive jet production cross section as a function of the jet transverse
momentum-~pr for jetsin |y| < 0.5 clustered using the anti-k; algorithm with R = 0.7. It contains contributions from the
data and from the \textsc{PYTHIA}~8 sample used to perform the unfolding. ‘
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EFT parametrization e
7\\%\\\\ \\ \\
o Assume we will generate events with MG5_amc@NLO + our favourite UFO model (e.g. SMEFTsim, SMEFT@NLO, ...)
e Need to implement the fiducial selection & observables
- Best option: RIVET (validated, should match exactly what was defined for the analysis)
e Use the EFT20bs tool to automate some of the steps
EFT20bs/cards/ [PROC]/ T ErT200s/ TOUTPUTY/

import model SMEFTsim_topU31_MwScheme_UFO

/ param_card.dat // run_card.dat /
generate p p > j j NP<=1 @0 ;/ proc_card.dat //
: / reweight_card.dat // pythia8_card.dat /

/ Rivet_[i].yoda /

add process pp > j j j NP<=1 @1 :
R -
: User-edited cards
output Mult‘ijet—SMEFTS'im3 ......................................... T ............................................................... Simulation step (parallel: i = 1..N)
\ 4
Setup Prepare madgraph cards Make Generate Add Transform Showering with Run RIVET Extract scaling functions
HlEjLFSOM ;‘TOdEI (S)_I_bxssezvﬁables process [~ for process gridpack events with MG reweighting weights Pythia8 routines for observables
) sim etc , diff. xs, ...
l EFT20bs/MG5_aMC_v2_X_Y/[PROC]/ EFT20bs/ EFT20bs/
MG5 RIVET / param_card.dat / / obs1.[json/txt/tex] /
Process: ggF, VBF etc Do : :

/ run_card.dat / / gridpack_[PROC] tar.qz / / obs2.[json/txt/tex] /
/ pythia8_card.dat / i : . .

. Default cards created by MG e
EFTZObS e nm s e E R EE R EE R EREEEEE R ER R Rnn e S emsssmssEsEssEEssEEEsEEEEsEEEsEEEssEEEsEEEEsEEEsnnEnnn :
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https://github.com/ajgilbert/EFT2Obs

Theory predictions

o Still one piece missing:

UéMEFT(a = Uél\/[ + Ufnt(a +UESM(E>

N——
NA_2

N——
NA_4

Ingredients needed:

- Cross section measurements
- Experimental covariance

- Reference theory predictions
- Theory covariance

- EFT paramterization

o We only have. LO prediction from our EFT20bs simulation, want state-of-the-art (here NNLO QCD + NLO EWK)

o Most of our differential results come with comparison to theory prediction(s), but these are often not tabulated in HepData

- Really neec

e Not a big problem! Tools exists to
recalculate cross sections

- In this case, fastNLO + interpolation

tables for this measurement

- For other processes, if we have the RIVET
routine we can generate our state-of-

the-art MC and derive systematics
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Ratio to NNLO CT14®NP®EW
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the "theory covariance matrix" = in this analysis the bin-to-bin correlations due to PDFs are clearly important
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https://fastnlo.hepforge.org

Choice of observables —

» For some processes can measure fully differential cross sections, e.qg.qg — £7¢~ at tree level:

d30' T
dm?,de.dy 3 -647m}, ;{ [( + ) Log(T,y) + (1 — c)“Lyg(T y)] 9 (1m0

F (1= e)2Ly(ry) + (14 e Ly(r, —y)] Pi(mar) | [2103.10532]

* Butin general not possible, e.g. VBS (2—6 process)
- Can try to find most sensitive observables for EFT

SSWW-2j OSWW 2]
Op.
. . L L L L P -
- Phenomenological study performed for all main T T J
VBS processes and relevant dim-6 operators: ) — my  — MET o+
3
| Angt At omgt o myt e Vi
- Dn‘fgrent observables provide different sensitivity D e prp omiy i ”
to different operators [JHEP 05 (2022) 039] (3)
CHq A¢jj A¢jj ™y my €+
>
(3) f | g . -
- No single "best" observable for simultaneous fit C(g ’ e Py T PRy P J
Cqq Adjj  Prjz My Pry?
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https://link.springer.com/article/10.1007/JHEP05(2022)039
https://arxiv.org/pdf/2103.10532.pdf

Choice of observables

e One possible solution: measure N x 1D differential cross sections, and reinterpret simultaneously

- Same events in each measurement = account for statistical correlations (e.g. by bootstrapping)

* Example, ATLAS H—yy differential cross sections [JHEP 08 (2022) 027]
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itations: contains less information than full joint PDF, Gaussian approx may not be valid with small event counts
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SMEFT (interference only),A =1 TeV
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H—yy, /s =13 TeV, 139 fb™

— SMEFT (interference only), A =1 TeV

Observed 68% CL -
Observed 95% CL
—— Expected 68% CL -
--=-- Expected 95% CL

Parameter value
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https://link.springer.com/article/10.1007/JHEP08(2022)027

Alternative: "non-trivial" observables
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o Well established that we can build optimal discriminators from

ratios of squared matrix elements (or train a DNN to learn them) CMS 138 fb' (13 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-009/index.html

Another example: Wy differential cross section

e 2D measurement in p1(y) [energy growth] L(data ‘ Gi(cj))

and @s[interference resurrection] :
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Binning limitations

CMS

WE (Fv)

—_
o
IS

— —
(@] o
™ w

< Events / GeV >

)

0 éhhl<

ola]
IE

—_
<
I

138 fb™' (13 TeV)

2

7T

§ = Iq)fl <
—e— Data

3 W(lv)y

[ Nonprompt/misid. y
B Nonprompt/misid. |
B ity

] Z/v*(ee) (e =)
=3 2y (I

[ Single-t +v

3 VVy

[ Stat.+Syst. Uncertainty
--- C,,=02TeV?
—— C,, =-0.2TeV?

Data/Exp.

only ~ 1 event/
bin expected

26/4/24

Alg | (fb/G

Y
T

A®o/Ap

(O_OMGS)/ Omacs

—
<

10* F E3 3
10° F E3 3
3 E E E
25_ ................................................... _E_ .................................................... ;_ .................................................... -
1 ;_.................................’ .................. _;_ ................................. I ................... EE_ ................................................... —
-1 ;_ .................................................... _;;_ ................................................. _;;_ ................................................... 3
-2 400 600 800 1000 1200 1400

1000 1200 1400

200 400 600 800 1000 1200 1400

p! (GeV)

two highest pr
bins merged for

unfolded cross section

138 fb' (13 TeV)

_ + Meagured 3

T 7T 3
§SI¢fI<§:

200 400 600 800

1000 1200 1400200 400

600 800 1000 1200 1400200

P! (GeV)

[0,

0]

«
d[ﬂ/G,
0

[1

[7/3,

S

4
<
()

[200, 300]

[/3,

[0,

500]

[300

[7/3,

1500]
[=)

[500

[n/3,

-[/6,

_[n/6,

/6]

/3]

/2]

, /6]

, /3]

/2]

/6]

/3]

/2]

, /6]

7/3]

/2]

— N
y
\ \\ \
T\\ \\ \ |
-1
CMS 138 fb (13 TeV)
=¥
0.8
0.6
0.4
0.2
0
-0.2
0.4
-0.6
-0.02 0.02 -0.03 -0.02 0.01 0.00 -0.01 0.01 0.00 -0.59
-0.8
0.04 0.00 0.05 0.07 0.02 0.05 0.07 0.01 0.03 038 -0.81
T ¥ § ©® ¥ § © ® & T ® §& -
B B B B B B B B B B B B
S ¢ ¢ 8 ¢ ¢ S & & S & o
L LB L= L) =) L) = L
[150, 200] [200, 300] [300, 500] [500, 1500]

p!xlg | (GeV) bin

Reasonably strong correlations
between |@f bins




< Events / GeV >

0 o o . CMS simuiation 138 fb™' (13 TeV) CMS.
- . ah
Within-bin efficiency g o 3 ~
’>'\ z,[n/es, /3] B \,\\\\\ \\
8 o, [0, /6] 0.0 8 Y S
e Built-in assumption that EFT does not change =5 ©
. X g [w6, w3
response matrix o e 015 > L o7f
O 0 ) 6l CM S —— Baseline
0, [/3, /2] (5 10° + Muon ID
. D oz o  Internal + Muon Trg
o To 1st order, can check selection eff. does not S 8 e S — +PonD
change significantly within each bin ZE ~ [ T
@) 2 5 '.'5:;;_ —— +p" cut
o 0.05 S 10°F "o
. & >
e But could be dependence on other variableswe T == i
integrate over o 0
[150, 200] [200, 300] [300, 500] [500, 1500]
CMS 138 Fiducial p!xl¢ | (GeV) bin ®
W osmi<gh s <3 ki< [
—e— Data _ %
E \Igvé:;z\r(ompt/m?s!d. Y ] Q
= i\il;nprompt/mlsm. I \Z_/
C— Z/v*(ee) (e =) w
1 Ziy(iy
[ Single-t +v
[/ Vvy 1
[ Stat.+Syst. Uncertainty 3
-- C,, =0.2TeV? :
—— C,,, =-0.2TeV?

Data/Exp.

26/4/24

e Backgrounds assumed to be SM-like, but in principle EFT-
sensitive

e We could unfold sum of all contributions to prompt final-

state (building in more assumptions about process

Y
pT

(GeV)

composition and € X A)

A. Gilbert (LLR)



Reinterpretation & summary —

o A big question with reinterpretation is who is doing it, and what information they have!

o Asdiscussed in Kyle's talk, we are making good progress with preserving and releasing statistical models

e Ifin 30 years we can build a new : | BleEi=r Fei(@l | no problem with:

- unfolded binning limitations

- Gaussian approximations

- Lack of systematics information for correlations

- Presence of backgrounds (as long as we split the processes in the same fiducial bins)

o But concerns of efficiency / acceptance dependence remain, as does challenge of building optimal observables

e Do we conclude unfolded cross sections are no longer a useful too for EFT interpretation?
- Clearly not the best we can do, but still provide a common language at the intersection of theory and experiment(s)
» E.g. allow us to benchmark against fixed-order calculation

- Consider it a good insurance option = the underlying machinery is ultimately the same (likelihood model), so the cost of providing
these results is not high

26/4/24 A. Gilbert (LLR)


https://indico.cern.ch/event/1378665/contributions/5901899/attachments/2845116/4974328/LPC-EFT-WS-2024.pdf

