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« [£1£ control region
- enriched with non-prompt backgrounds

 Estimate the non-prompt yield by MC subtraction

* Reweight the result by OS/SS ratio Rys/ss t0 get a
result for 1£1F

* Typically, 1 < Rps/ss < 2 is chosen

* Most often used in the muon channel only due to

1. Select same-sign events

Q}on-zero electron charge misidentification probability — /

| 2. Subtract prompt lepton MC
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« Correcting the electron charge

* Precise Rys/ss Values can be obtained by

misidentification probability for MC is
possible using Z peak events

S e
8 102? A ;{ul\ph;ser)afe e (+ - ')
3 10F
S
g 10";
10°F
10“‘;
10,5; 4 Data ¥
10'5% - FEWZ (NNLO QCD + NLO EW)
107F
E L L il
§ 1_5:— | Stat.unc. ./ Tot. unc. ( :)‘}7 I ]_l_
> : o— v g e o iél]T
g osft
= 20 30 100 200 1000 2000
[1] m [GeV]
“Same-sign” method
/ Basic idea \ / Improvements \

- method becomes robust even in the

electron channel (outside Z peak)

using data control regions

—~ Even variable Rys/ss is possible to

Qeduce systematic uncertainty
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3. Reweight and use as opposite-sign
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Very simple
Fairly robust with
good reweighting
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complicated

for electron charge
misidentification

Non-constant reweighting
factors can make it more
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Drell-Yan backgrounds

Prompt lepton backgrounds
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lepton backgrounds

@

Isidentification rate
(pass-fail, loose-to-tight)
method

Matrix

method

“epy” method

J
\

-

* eyt sample = only prompt lepton
backgrounds

iy /Nl’i";@z = 2 (ideally)

Basic idea

*In reallty, it is not exact
- extract from MC

~
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- need to be subtracted

Improvements
. Ngﬁs contains non-prompt contributions

—> hon-prompt estimation getting improved (see other methods)

* MC improvements allow using ep sample only for MC validation
bkg MC bk bkg MC

> if N32S/N,, 0" ~ 1, then N9 = N9
- The difference from 1 can be used as systematic uncertainty
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4 Basic idea
« Control regions with inverted lepton track “quality” cuts

(ID working point, isolation, etc.)
—> enriched with non-prompt backgrounds

 Estimate non-prompt by MC subtraction in regions with

* Reweight the events using the “misidentification rate” f
to obtain the result in the signal region:

Npp = LA fif2

1-f 1-f)@A- fz)

* The “misID rate” is measured in a separate control
region as a function of lepton (p-, n)

- Usually, single lepton events or DY Z peak events
\_Wwith a third additional lepton are used

PF —

inverted cuts for one lepton (Npr) and both leptons (Ngg)

“Misidentification rate” method

“Matrix”’ method

14

Improvements

« Template fits can help achieving better estimates of the
“misID rate” and/or the background distribution

e Function fits are often used to obtain smooth functional
forms for the “misID rate”
- symbolic regression tools (e.g., pySR) can be useful

* More statistics allow for more sophisticated “misID rate”
binning and categorization

» More control regions used to evaluate, apply and validate
the “misID rate” in certain analyses
- E.qg., [6] splits the electron phase space into 3 parts and
makes use of ey event samples to get a total of 71 control

P

here, x=1—x
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|| 1. Measure the “misID rate”

2. Apply the “misID rate” on events with
inverted cuts, subtract MC

Basic idea

» Very rarely used in DY analyses, but technically possible

» Extension of the “misidentification rate” method
—> additionally uses the prompt lepton efficiency € to be less reliant on MC

Npp €162 €1f2 fi€2  fifz
Npr | _ | €162 ef fi&2 fife
Nep | €16, €1fy f162 flfz
Nrr &b, &f, fi&: fifo

Ktechnique with appropriate baseline selection

» Events with prompt (R) and non-prompt (N) leptons are related to events with reconstructed leptons
that pass (P) or fail (F) the quality cuts as follows:

* Inverting this matrix allows us to obtain the prompt and non-prompt contributions from signal +

kregions (+8 signal regions)! ) oy | S <
gion distributions:
3. Use in the signal region Nir flfz —flfz —fifs  fifa \ /Npp
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Works well in both ee and up
channels
Simple validation (same-sign)
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Improvements

« All possible improvements to the “misidentification rate” also can apply to the “matrix” method

« Additionally, using an extended likelihood method, including all data used to make the
Kmeasurement, can be employed to improve the matrix method result [7]
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« Somewhat complicated procedure

» Often relies on prescaled triggers

May be tricky to define the phase space
for “misidentification rate” definition
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* Ideally, the most accurate method
(true with very large statistics and
good efficiency definitions)

Can be applied well outside the
scope of non-prompt lepton
background estimation

AN

Very complicated
The matrix is often ill-conditioned
Requires very accurate and precise
tuning of “misidentification rate” and
prompt lepton efficiency

- otherwise, may lead to very large
or negative results
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