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Summary so far

* Introduction to MC event generators in data
analysis

 How various particles are reconstructed in the data
* The importance of correcting for detector effects...
e ...but of not extrapolating into unmeasured regions

Jon Butterworth Measurement and Monte Carlo 2
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Correcting for acceptance affects

* AKA extrapolating outside the region we measure into full phase-
space: e.g.
* p;>25GeV > p;>0GeV
* In| <252 n|<eo

* Anyone can do this with their preferred SM prediction
* no detector simulation needed (there’s no detector!)

* But be careful! We do not measure this region!

 Itis a bad idea to contaminate the precious data with the very
theory we are trying to constrain!

Jon Butterworth Measurement and Monte Carlo 3



N

X
—MCne =

Correcting for acceptance affects

Example:
Phys. Lett. B707 (2012) 459

. =177 £ 25 pb

* Run 1: Total tt cross-section reported
* but the measurement is made in the dilepton decay
channel with p:> 25 GeV, || < 2.5, and various cuts on
E.miss, H., jets etc.
* Only 1.7% of tt events are used to measure the tt cross-
section! 98.3% of events are not “seen”.
* Some of this is detector inefficiencies, but a large amount is an
extrapolation to a completely unmeasured region!

Jon Butterworth Measurement and Monte Carlo 4
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Fiducial phase-space

Jon Butterworth Measurement and Monte Carlo 13



Inaccessible. Removed by
Kinematics cuts, and not
part of the fiducial cross
section
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Fiducial phase-space

Irrespective of detector efficiencies and resolution effects
there are particular kinematic regions that we just don’t

measure at all.
We do not have 4 detectors and we can’t go down to zero

A fiducial phase-space is a set

PP 105 of selection criteria that can

CMS - 738m . . _
r B SE NI 700 m be applied t? final-state
ey | et | N T O “truth” particles
T & —491m
E “—=—4-"2"‘ e.g.: Select events with one
SUpErEERg Do .
LEYES — —— —2e8m (and only one) muon with p>
e _|§[Encespr>BarvalEcaL 170 25 GeV, |n|<2.4 and p™iss >
n= 5.31 ﬂH_\ Rl ~————Lo7 g —0.44m 30 GeV.
f = B —000m
E E E E E E E E E
] £ 18 9 598 3 8
‘ﬂ‘_ ‘ﬂ_ -] w = & o (=]
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Fiducial phase-space

there are particu
measure at all.

We do not have 47\ beie A e teiel)

theoretical predictions

| : :
P! can be defined in a -space is a set
fiducial phase-space eria that can
CMS . : region and reliably 5 final-state

. e 173 compared to data in this

S belect events with one
(and only one) muon with p>
25 GeV, |n|<2.4 and pmiss>
30 GeV.
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What is a final-state particle?

Lots of useful advice and discussion here: https://cds.cern.ch/record/202274a _

Recall: ToYV = CToP/m

* electrons: stable
* muons: “stable” (t,=2.2ms, decays after ~1.2 km at 20 GeV)

* taus: unstable (t,=0.3 ps, decays after about 1Imm at 20 GeV)
* neutrinos: stable  (but invisible)

* Quarks, gluons = hadrons: “stable” and unstable = jets

* photons: stable

*  W,Z,H,top: unstable (and not uniquely defined)

R =1082mm

Common choice : T, > 30 ps, after hadronization.

R =554mm

R =514mm

R =443mm
SCT

R=371mm

R =299mm

)
- 4

R = 88.5mm |

R = 50.5mm /
R =33.25mm /

R=0mm

R=122.5mm |
Pixels
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What is a final-state particle?

Lots of useful advice and discussion here: https://cds.cern.ch/record/202274a _

TaYV = CToP/M
Recall: of 0P/

* electrons: stable

* muons: “stable” (t,=2.2ms, decays after ~1.2 km at 20 GeV)

* taus: unstable (ro 0.3 ps decays after about 1mm at 20 GeV)

* neutrinos: stable but |
* Quarks, gluons =2_hadrons: ”stab)e” and unstable - jets

* photons: stable
*  W,Z,H,top: unstable (and not udiquely defined)

R =1082mm

Common choice : T, > 30 pg, after hadronization.

mm d @20 Gev

26,000 1 km “stable” R = 554mm
Ks 90 1m “stable” sz { :Z:::
B 1.5 2 mm unstable el
i 8 x10°° 3.6m unstable

R =122.5mm fp———"""""""""+ =

p,xe|s{ R = 88.5mm /////:
R =50.5mm /
R =33.25mm /

R=0mm
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What is a final-state electron/muon?

* Electrons/muons from hadron decays are typically removed in the data analysis by
isolation cuts / fake removal
v’ Can define “prompt leptons” to be “not-from-hadron decays” and only consider
these : this is more robust and model-independent than asking that the lepton
comes from a certain propagator in the hard process
v" Well defined in Rivet (see tutorial), but you may need to also implement it in
your experiment’s software
* Either define particle-level isolation, or correct for inefficiencies of these
requirements
» It might be worth reconsidering this in specific analyses where proximity to jets
has a large effect on results, for example

Jon Butterworth Measurement and Monte Carlo 20
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What is a final-state electron/muon?

* Electrons and muons emit FSR photon radiation (and lots of it, especially in the
collinear limit, especially for electrons).
» For muons we measure the charged particle track, photon energy is not included
» For electrons we cluster calorimeter cells and most collinear radiation will be
included in the energy measurement

third layer /s hadronic calorimeter

Anx Ap=0.05x0.0245

second layer
AnxAp=0.025x0.0245

first layer (strips)
AyxAp=0.003Lx0.098

presampler

Jon Butterworth Measurement and Monte Carlo 21
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What is a final-state electron/muon?

* Electrons and muons emit FSR photon radiation (and lots of it, especially in the
collinear limit, especially for electrons).
» For muons we measure the charged particle track, photon energy is not included
» For electrons we cluster calorimeter cells and most collinear radiation will be
included in the energy measurement
* We can define lepton momenta as:
1. Born leptons — as if FSR never happened (not what we measure, not actually
measureable...)

born

Jon Butterworth Measurement and Monte Carlo 22



5\’//// A
—MCne =

What is a final-state electron/muon?

* Electrons and muons emit FSR photon radiation (and lots of it, especially in the
collinear limit, especially for electrons).
» For muons we measure the charged particle track, photon energy is not included
» For electrons we cluster calorimeter cells and most collinear radiation will be
included in the energy measurement
* We can define lepton momenta as:
1. Born leptons — as if FSR never happened (not what we measure, not actually
measureable...)
2. Bare leptons — after all FSR (closest to muon measurement)

bare

born

Jon Butterworth Measurement and Monte Carlo 23



5\’//// A
—MCne =

What is a final-state electron/muon?

* Electrons and muons emit FSR photon radiation (and lots of it, especially in the
collinear limit, especially for electrons).
» For muons we measure the charged particle track, photon energy is not included
» For electrons we cluster calorimeter cells and most collinear radiation will be
included in the energy measurement
* We can define lepton momenta as:
1. Born leptons — as if FSR never happened (not what we measure, not actually
measureable...)
2. Bare leptons — after all FSR (closest to muon measurement)
3. Dressed leptons — with the momenta of close-by photons “clustered” into the
lepton momenta (closest to eIectroansurement)

bare
dressed : typicallya AR< 0.1
born cone is used, but a jet algorithm
may be better

Jon Butterworth Measurement and Monte Carlo 24
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What is a final-state electron or muon?

Electron and muon final states can be very different for bare leptons, but
much closer for born and dressed leptons

It is often argued that dressed should be used for both to allow for easy
combination of final states. Also bare versus dressed is much closer for muons
than bare versus dressed for electrons

Similarly, fiducial phase space cuts often harmonized for the two, requiring a
small extrapolation in phase space for one

» But electrons != muons

» We may want to retain sensitivity to differences (cf LHCb...)

» Perhaps it is better to measure both and publish correlations between
uncertainties, and make choices that are best for each individual channel

Jon Butterworth Measurement and Monte Carlo 25



What is a final-state tau?

Recall: unstable (=0.1 mm

Leptonic decays

* The final state particles are
electrons/muons and neutrinos

* Define fiducial phase-space with those
(but we careful to check lepton efficiencies as e.g.
impact parameter cuts can be less efficient for
leptons from taus)

Emily Nurse Measurement and Monte Carlo 26
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What is a final-state tau?

Recall: unstable (=0.1 mm
Vr

2>tV
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Hadronic decays

Final state particles are hadrons (= jets) and neutrinos

Such a definition alone is complicated due to the large number of hadrons not from taus
Experimental cuts reject backgrounds based on features of the jets, which are hard to

replicate at the particle-level

In this case a compromise might be best: require a hadron in the jet to have come from a

prompt tau (this is not quite “final-state based”)
There is not much experience here and more detailed studies would be interesting

Emily Nurse Measurement and Monte Carlo
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What is a final-state photon?

Analyses usually measure prompt, isolated photons
Recall: Prompt means not-from-a-hadron-decay

But photons can be further divided into those from the
hard scatter and those from parton fragmentation

A particle-level isolation criteria is necessary to replicate the isolation applied at reco-level
Note in principle this could also be done for prompt leptons, but it is much less important
Emily Nurse
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What is a final-state neutrino?

Invisible in the detector and existence inferred by p,™Mss

Recall:  EFs=— > pi- > pr— 3 pie— 3 ph— > - > piek

selected accepted accepted selected accepted unused
electrons photons 7-leptons muons jets tracks
L 11 1L 11 11 Il ]
miss, e miss,y Miss, Tha miss, p miss,jet miss, soft
E; ET ET A ET E; ET
L I ]
hard term soft term

* Sometimes the momenta of (prompt?) invisible* particles are summed

* An alternative is to take — the sum of all the visible particles within detector
acceptance, which is closer to what we measure but can be a bit complicated.
E.g. what p; of hadrons are we actually sensitive to?

(More on this later)

See also Rivet tutorial
*neutrinos are indistinguishable from BSM invisible particles

Emily Nurse Measurement and Monte Carlo 29
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What is a final-state parton?

* Partons radiate more partons which hadronize.

* Run ajet algorithm on the final-state particles
» Form a list of particles (this would be clusters / tracks at reco-level)
» Merge the smallest pair according to a “distance” parameter
> lterate

» Algorithms assign each hadron to a jet. The energy/momentum of the jet
represents the energy/momentum of the parton from the hard scatter

e Think carefully about what is included as inputs: Muons? Neutrinos?
antl-!a.d=1.000+100|

Note: Depending on the reconstruction code,
an electron will often form a jet initially. We
remove these jets using overlap removal at
both reco- and truth-level (e.g. remove any
jets with AR < 0.4 from a prompt electron)

JHEP 0804:063,2008

Emily Nurse Measurement and Monte Carlo 30



What is a final-state b-jet

* Recall decay length for a 20 GeV b-hadrons ~2 mm, they are therefore unstable and
not included as final state particle
* However we select them experimentally by making displaced vertex selection cuts

—3  tracks

b jet

------ b hadron

------ impact
parameter

secondary
vertex

light jet

"7

primary vertex

N,

* Common “compromise” is to associate the non-final state b-hadrons to jets.
* If ajet contains a b-hadron it is considered a particle-level b-jet

|\(.J|]th'l

See Rivet tutorial for more details

Emily Nurse Measurement and Monte Carlo 31
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Examples of data analysis

Emily Nurse Measurement and Monte Carlo 32
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Examples: CMS W+jets

224%% Data
. -1
Fiducial phase-space: (Follow data analysis cuts closely) = 22 (13TeV) | —4— Ma_aMC FxFx + PY8 (<2NLO + PS)
. —#— MG_aMC + PY8 (<4jLO + PS
«  Onedressed (AR<0.1) prompt muon with p;> 25 GeV, |n|<2.4 | § (ol —1 e )
H . o itti
* m;>50GeV (using muon and prompt truth neutrino) g = %
e Jets (exclude neutrinos and above muon): anti-k; (R=0.4) - 1E ’B’q!,
. k=] E
with p;>30 GeV, |y|<2.4, and AR>0.4 from the muon s . . ==
221" (13 TeV) 107 =
9103"‘|""|""|""""""|'”"|""|”"_E| 22 -
§ CMS Bvv ) : 10° E CMS s
B 5L antikjets, R=04 B QCD muitjet 1 = antik, (R=0.4) Jets
5 571250 Gev. y¥) <24 B Single 3 10°E p>30Gev, |y"| <24 sy
g DY+jeta ] E W(av) + > 1-jet
'81()6 B = TN BN R BT | L] |
2 Wiuv)+ets ] g 15
105 * Data = R
E 3 & 1 AL AL AL AL L
= Q
10 = 5  F
] g 0.5 =3 syst. + stat. unc. (gen)
3 = . : :
10 = s 1.5
] 8 =
10 g
10 = 0.5;—|Z|Stal. unc. (gen)
g 14 o 150
§ pmereeeet t T e A S
3 o8f z -
-{% 0.6 0-5:_ [) Syst. + stat. unc. (gen)
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
p(j) [GeV] P, (i) [GeV]

Phys. Rev. D 96 (2017) 072005
Rivet: CMS_2017_11610623
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Examples: CMS EWK W+dijet

arXiv:1903.04040 (Submitted to EPIC)

No Rivet routine CMS 35.9 fb™ (13 TeV)
= cow
Data analysis cuts: 1o B
jet 1 p; >50 GeV, jet 2 p; >30 E1g
GeV o
m; > 200 GeV e
p; balance cut 10
p+lepton > 20 GeV, || <2.4 .
Fiducial phase-space: T 06! Jol gy sl UG, evolghiing une.
lv + dijets final state R =
m,> 120 GeV and jet pr> 25 2
GeV F02L .
T 0 05 1 15 2 25
R, BéererOH 6.23 ¢ 0.12 (stat) ¢ 0.61 BOT
(syst) pb

Why such a large extrapolation?

Emily Nurse Measurement and Monte Carlo 34
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1/o.-do_/dH!/GeV

i

tt

Prediction
Data

More recent top results

Eur. Phys. J. C76 (2016) 538
ATLAS_2015_11404878

S L L B B IR I B
- ATLAS Fiducial phase-space
\s=8TeV, 20.3 fb

—_—
e

e Data
—— PWG+PY6 hﬂamp=l‘ﬂt
..... PWG+PYS8 hdamp=rnl
102 e MC@NLO+HW AUET2
—— MadGraph+PY6 P2011C
.......... PWG+HW6 AUET2
Stat. unc.
Stat.+Syst. unc.

10°

105 =
107 E
= =TT =

|||||||||||||| =1 ]

0 200 400 600 800 1000 1200 1400
H! [GeV]

-
C\ERNy
ATLAS 7

EXPERIMENT

Eur. Phys. J. C 78 (2018) 487 CERN-EP-2017-276
DOI: 10.1140/epjc/s10052-018-5904-z 27th June 2018

Measurement of the inclusive and fiducial #7
production cross-sections in the lepton+jets channel
in pp collisions at Vs = 8 TeV with the ATLAS
detector

The ATLAS Collaboration

The inclusive and fiducial 7 production cross-sections are measured in the lepton+jets channel
using 20.2 fb~! of proton—proton collision data at a centre-of-mass energy of 8 TeV recorded
with the ATLAS detector at the LHC. Major systematic uncertainties due to the modelling
of the jet energy scale and b-tagging efficiency are constrained by separating selected events
into three disjoint regions. In order to reduce systematic uncertainties in the most important
background, the W+ jets process is modelled using Z+ jets events in a data-driven approach.
The inclusive #7 cross-section is measured with a precision of 5.7% to be oy (t7) = 248.3 +
0.7 (stat.) + 13.4 (syst.) = 4.7 (lumi.) pb, assuming a top-quark mass of 172.5 GeV. The result
is in agreement with the Standard Model prediction. The cross-section is also measured
in a phase space close to that of the selected data. The fiducial cross-section is oq(t7) =
48.8 + 0.1 (stat.) + 2.0 (syst.) £ 0.9 (lumi.) pb with a precision of 4.5%.
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1/6.-do_/dH'/ GeV

Prediction

i T

tt

Data

More recent top results

Eur. Phys. J. C76 (2016) 538

ATLAS 2015 11404878

L L B L L L L LI B
- ATLAS Fiducial phase-space

10718 =8TeV,203fb" | pya =
= — PWG+PY6 h,, _=m,
. PWG+PY8 h,,, =m,

102 e MC@NLO+HW A

10° ga

104

10'5;
E i e AR STV ."-' 'T'I\-uvuvuvuvuvuvuvuvuvuv_r

0 200 400 600 800 1000 1200 1400

Emily Nurse

H! [GeV]

=
C\ERNY
ATLAS 7

EXPERIMENT

Eur. Phys. J. C 78 (2018) 487 CERN-EP-2017-276
DOI: 10.1140/epjc/s10052-018-5904-z 27th June 2018

urement of the inclusive and fiducial #7
cross-sections in the lepton+jets channel
isions at s = 8 TeV with the ATLAS
detector

The ATLAS Collaboration

and fiducial #7 production cross-sections are measured in the lepton+jets channel
=1 of proton—proton collision data at a centre-of-mass energy of 8 TeV recorded
E ATLAS detector at the LHC. Major systematic uncertainties due to the modelling
e jet energy scale and b-tagging efficiency are constrained by separating selected events
into three disjoint regions. In order to reduce systematic uncertainties in the most important
background, the W+ jets process is modelled using Z+ jets events in a data-driven approach.
The inclusive #7 cross-section is measured with a precision of 5.7% to be oy (t7) = 248.3 +
0.7 (stat.) + 13.4 (syst.) = 4.7 (lumi.) pb, assuming a top-quark mass of 172.5 GeV. The result
is in agreement with the Standard Model prediction. The cross-section is also measured
in a phase space close to that of the selected data. The fiducial cross-section is o4(tf) =
48.8 + 0.1 (stat.) + 2.0 (syst.) £ 0.9 (lumi.) pb with a precision of 4.5%.
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Higgs results

Table 2: Particle-level selections for the fiducial measurements. The photon isolation, ¥, p%/p%, is defined as the sum
of the pr of charged particles within Ar < 0.2 of the photon.

Objects  Fiducial definition

Photons In| < 2.37 (excluding 1.37 < |p| < 1.52), Zp%./p% < 0.05

Jets anti-k,, R = 0.4, pr > 30GeV, |y| <44

Diphoton N, > 2, 105GeV < m,, < 160GeV, pY'/my, > 0.35, p¥’/m,, > 0.25

—_
o

———— T
t ATLAS Preliminary H—yy, {s=13TeV, 139 fo”

I - Data, tot. unc. - syst. unc.
" e

= gg—H default MC + XH i
- NNLOJET @ SCET NNLO ® NLL + XH
==+ XH = VBF+VH+ttH+bbH ]

do, / dp!" [fb/GeV]

107"

1072F

o
o
[«
E
3
e
k=]
T
o T T T H P B B R
0 50 100 150 200 250 300 350
Pl [GeV]

ATLAS-CONF-2019-029
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Higgs results

Table 2: Particle-level selections for the fiducial measurements. The photon isolation, ¥, p%/ p%ﬂ, is defined as the sum
of the pr of charged particles within Ar < 0.2 of the photon.

Objects  Fiducial definition

Photons || < 2.37 (excluding 1.37 < || < 1.52), ¥ p/py < 0.05

Jets anti-k,, R = 0.4, pr > 30GeV, |y| <44

Diphoton N, > 2, 105GeV < m,, < 160GeV, pY'/my, > 0.35, p¥’/m,, > 0.25

= 10— T 71—
> E L
3 t ATLAS Preliminary  H—yy, {s=13TeV
8 I - Data, tot. unc.
S = gg—H default
© o
E
S

107"

107%F

Ratio to default pred.

PR S RS S SR SRS SR S NS S N ST S SN S S S SR S N S
0 50 100 150 200 250 300 350
P’ [GeV]

ATLAS-CONF-2019-029
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Background subtraction (or not?)
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Background subtraction (or not?)

—

£ Fake

/ backgrounds
| (reducible)

|dentical
final state
(irreducible)

Similar final
state |
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Background subtraction (or not?)

—

e These should be subtracted by
y. experimentalists and systematic
/ Fake uncertainties quantified

/ backgrounds
| (reducible)

|dentical
final state
(irreducible)

Similar final
state |

\
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ldentical final-states

e Quantum mechanics tells us processes with identical final states will interfere
and cannot be calculated separately

* Sometimes this is a huge effect and separating out diagrams breaks gauge
invariance

* Other times the effect is quite small and attempts are made to isolate certain
processes
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ldentical final-states example: I*I" VBF

2

) L

T
ATLAS

= 3
@ o J
S o'k JLot=203" JHEP04(2014)031
2 e \s=8TeV 3 .
8oL - seah region Rivet: ATLAS_2014_11279489
= . E
= r —— 2
102§ T e 5
= ——_g 3
10 — =
© —¢ Data(2012) _.__’_#= # 3
1 | —— Background ++ .
E  —+ Background + EW Zjj —+ E
; 1 = Ly [ MR B M R B ';
Wi 52 _|— + -3
Ol s I £
OF  .F —+ E
9% 0] s S
me.Sr_ ’ - e b=
B8 Tmmmm, e
500 1000 1500 2000 2500 3000 3500
mji[GeV]
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ldentical final-states example :
(is actually EWK I*I" plus dijets)
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ldentica

Inal-states example

(is really actually I*I plus dijets)
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Example: ttbar is actually WW+|ets Is
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Background subtraction (or not?)

—

P These should be subtracted by
y. experimentalists and systematic
/ Fake uncertainties quantified

/ backgrounds
| (reducible)

4

Similar final
state

/L, Identical

~ final state
(irreducible)

In general it is dangerous to
isolate certain Feynman
diagrams. In some cases it is a
reasonable approximation but
treat with caution and try to
measure an inclusive
observable too!
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INd

-states example: SoTt-QU
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Emily Nurse

Phys. Rev. Lett. 105 (2010) 022002

Rivet: CMS_2010_58656010

Single Diffractive subtracted off

New J. Phys. 13 (2011) 053033
Rivet: ATLAS_2010_S8918562

Final-state particle definition
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imilar

Events / GeV

Data / SM

Inal-states example: p;

Eur. Phys. J. C 77 (2017) 765

Rivet: ATLAS_2017_11609448

q g

10°
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I T T
ATLAS

\s=13TeV, 3.2fb"
p;“i“ + 21 jet

e Data2015

N Total Syst. Unc.

I MC Z(— vv)+jets

I Data driven pv Bkg
Data driven tv Bkg

[ Data driven ev Bkg

[0 MC Z(— ll)+jets

Data driven Multijet Bkg

q

R

Fiducial phase-space:
p;™ + jet(s)

No charged leptons with |n|< 2.5, p; > 7 GeV

Emily Nurse

p;niss [G eV]
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Events / GeV

Data / SM

qar INAl-States eXdmple: P+

Eur. Phys. J. C 77 (2017) 765

v
Rivet: ATLAS_2017_11609448 q g

T | T T T I T T T I T T T | T T T I T T T

ATLAS e Data 2015

\S 13 TeV, 3.2fb° 1 2\ Total Syst. Unc.

P MC Z(— vv)+jets

I Data driven pv Bkg
Data driven tv Bkg

[ Data driven ev Bkg

MC Z(— ll)+jets

Data driven Multijet Bkg

10°
102 P + 21 jet

10

R

Fiducial phase-space:
p;™ + jet(s)

1?4 S s s e s = charged leptons with |n|< 2.5, p; > 7 GeV
\W\\\\\\ ...... \\\\\\\\\\\\\\\\\\ N [rother

200 400 600 800 1000 1200 1400 W->Iv with “out of acceptance” leptons
PrlGeVl contribute ~ the same as Z>vv!

In this paper: background determined using control regions+MC, and subtracted
Perhaps these W’s should be included as part of the “signal” definition?

» This leaves the data uncontaminated and as close to “what we see” as possible.

» Removes dependence on control regions and MC extrapolation between regions
But be careful of fiducial phase-space definitions: e.g. out-of-acceptance muons should
be included as invisible in a particle-level p;™ss definition!
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icr. R |+ N
—MCne =

Where to compare nature to our
ideas?

Raw
detector
readout

Each specific theory must follow all
implications through to final state particles

Zero model and full detector simulation, including
dependence. specific run conditions and time-dependent
calibrations.
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icr: A ||« N
—MCne =

Where to compare nature to our
ideas?

Reconstructed
Raw objects

detector
readout

Theory must follow all
implications through to final
state and at least some
parameterised
approximation of detector
resolution and efficiency.

Calibrations applied which
may have some dependence
on models, but minimal and
dependence can be

controlled.
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—MCne =

Where to compare nature to our
ideas?

Reconstructed

Raw objects Fiducial
final state

detector
readout

In addition to calibrations,
need unfolding for resolution
and efficiency, though
uncertainties can generally
be controlled.

particles

Need to predict the
exclusive final state.

8/1/2019 JMB, YETI 2019 54



N

Where to compare nature to our
ideas?

'
—MCne =

Reconstructed

Raw objects Fiducial

detector final state F—

particles

readout Intermediates

In addition to previous, need theory :
. . : Can integrate over
extrapolations into unobserved regions, . .
. inclusive phase spaces and
theory background subtractions, and : .
. . . ignore soft/long distance
corrections for soft/long distance physics. ohysics
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Where to compare nature to our
ideas?

Reconstructed

Raw objects Fiducial
final state

particles

detector
readout

In addition to previous, interpret in a particular
(simplified?) model.

Process/Inter
mediates

Need to think
about running
from high
energies, but

not much else...
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—MCne =

Where to compare nature to our

ideas?
(\

Reconstructed

Raw objects Final
state

detector
readout

Process/Inter
mediates

In addition to all previous, interpret in a particular UV complete model.

particles

Have a good
idea, then

play golf.
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—MCne =

Where to compare nature to our

ideas?
(\

Reconstructed
Raw objects

detector

readout Fiducial
final state

particles
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BSM searches : detector corrections

* Typically done at reco-level, the paper sets limits on parameters in a given model by
comparing to reco-level MC predictions

e But data in a given analysis can be sensitive to many BSM theories, how to re-
interpret these?

* Many people working on how to reinterpret reco-level results, e.g. by using fast detector simulation
(can be interfaced with Rivet)

* Another option is to correct for detector effects and allow comparisons with “truth-level” predictions.
Some sensitivity may be lost due to binning but much easier to reinterpret

Distinction between BSM search and SM measurement becomes blurred:

* We measure the data in certain final-states and compare to the best SM predictions.
* We should do this more in regions particularly sensitive to new physics

* Important to stick to the "measuring a final-state” philosophy

See Contur (https://contur.hepforge.org) and Thursday’s tutorial which uses all analyses in
Rivet to constrain BSM parameter space.
Sometimes surprises occur and a certain model pops up in multiple final states we havn’t

thought of yet.
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BSM searches : detector corrections

Eur. Phys. J. C 77 (2017) 765 JHEP 04 (2019) 048
2 1oF- ATLAS R ' = % [ arlas '
EEC C Ys=13TeV 321" R g TE (=13 Tev, 361 10"
10— =1 jet | — s f o
C 1 . © B
8k — S 101
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RN SM + EFT DM (7 €™ Vj, Vi, M_=100 GeV, Ag=0.8 TeV) ] - v Sherpa & NLO EW
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FYI: There are not many BSM motivated measurements like this, get involved!
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BSM searches: backgrounds

« Often backgrounds to BSM searches are predicted using constraints from “control regions”.
These can be:
> similar final states, or
» the same final-state with different kinematic cuts

* This can be very useful, especially when modelling is bad, and can reduce systematic
uncertainties a lot.

q g * q g o g I-
A Z Z
7 BSM signal X 7 SMbackground  *_/ 17" control region I

But it can limit re-interpretation, what if a BSM theory leads to final state particles in
the control region too?
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BSM searches: backgrounds and unfolding

One possible solution:

* Unfold and publish the signal region and the control
region with correlation information

e Control region constraints can then be made for models
that allow it but not for others

These are all quite new ideas, lots of room for studies and analyses, get involved!
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summary

v’ Correct (carefully) for detector effects (maybe even for
BSM searches)

v’ Measure in your fiducial phase-space

v’ Think carefully about subtracting “backgrounds”

v’ Keep the data as clean and model independent as possible
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)
—MCne =

summary

v’ Correct (carefully) for detector effects (maybe even for
BSM searches)

v’ Measure in your fiducial phase-space

v’ Think carefully about subtracting “backgrounds”

v’ Keep the data as clean and model independent as possible

And the rewards will follow
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