QCD background studies with the ABCD method
for the Inclusive N-Jet SUSY Search (RA2)

* The method derived from the famous "ABCD"

* Treatment of systematic uncertainties

*|ntegration into the common framework for
integration of all backgrounds
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Classical equation for the ABCD method:
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... this holds if the ratio Ns/Na is independent from V!

If variables with a constant ratio are not available
Variable Vi =make an assumption for the shape of the ratio

Extended ABCD method:
ratio r(x) is evaluated in the control regions A,B Neo = Z 7“(.’13)

and applied to the control region D D \

Sum over all events in region D
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ABCD Method applied

Variables and cuts in the RA2 default selection:

Ist jet: pT > 180 GeV, |n| < 2.5,0.05 < EM fraction < 0.95
2nd jet:pT > 150 GeV, |n| < 2.5,0.05 < EM fraction < 0.95
3rd jet: pT > 50 GeV, |n| < 2.5,0.05 < EM fraction < 0.95
Veto on muons and electrons
MET > 150 GeV

(min A (jet 1-3, MET) > 0.3
httops://twiki.cern.ch/twiki/bin/view/CMS/SusyRA2InclusiveNJetProjectTable

> have best QCD separation power
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eStatistical uncertainties:

*Errors on the fit parameters
= Small in the case of low MET control region and exponential fit to min A ratio

eLimited Statistics in control region D
= would be much worse for variables with less QCD separation power than min A

eSystematic uncertainties:

*Effects of the selection cuts and control region definition on the extrapolation

= for jet and MET cuts this is tested with a variation of the Let energy scale
eDeviation of the assumed functional form of the ratio from the trut

= to test: need a data-derived QCD sample (provided from the Smearing Method)

= to evaluate the uncertainty: change the jet undermeasured tail in the

input smearing function(dominant effect)

eContamination from signal and other backgrounds
= Other backgrounds:in MC = [0% effect. Use corrections from other background predictions!?
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10°

sel. matched jets

MC based uncer

*Investigating the uncertainty of the method in MC
*|dea: Change the jet resolution by smearing GenJets
edominant contribution: lower tail in the jet response (non-Gaussian part)

*Smearing function for the Genjets: derived from Calojet response for different pT bins and
modified for two scenarios
*increase tail moderate by reducing the slope by a factor 0.75

eincrease the tail strongly by reducing the slope by a factor of 0.5
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MC based uncert
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QCD estimation for signallregion

aII points are normalised to have the same G:alo ets) truth value
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199 216 £ 13 10.0/ 18 + 85 %

Smeared |

499 618 + 27 14.1 /18 + 23.8%

Smeared 2

876 1110 + 42 389/ 18 +26.7%
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Plans for uncertainty estim:

* Jet response can be fitted in data with a Gaussian + a step function for the tail
» see Matthias' talk today

* Applying the fitted smearing functions to data produces an QCD sample to test the method
» see Sue Ann's talk today

* The ABCD estimation is sensitive to variations of the talil
» a conservative error on the fitted step function can be used to derive the systematic
uncertainty for the ABCD method
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ABCD method imp

Scheme to combine the RA2 background predictions, presented by Christian Auterman:

http://indico.cern.ch/getFile.py/access?contribld=4&resld=0&materialld=slides&confld=73510

http://cmssw.cvs.cern.ch/cgi-bin/cmssw.cgi/UserCode/auterman/RA2/

Here, specialized to ABCD prediction:
| step: Evaluation of ratio function in control regions A,B
. . . . . 2/ ndf .
2. step: Application to control region D, see next slide : b0 oseers 00ross

- p1 -0.0192 =+ 0.00232
23 p2 4.662 + 0.8257

|

Filter:
SUSY RA2 Selection

(without MET and min A cut) _ o *ﬁ***H{«JrJFJ m I ‘ ‘ ‘

700 200" 300' %00

ABCDFunctions.root

Producer:
QCDSmearProd
JES

for systematic uncertainties
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ABCD method |
oJd PAT: JES£5% PAT: Smeared jets

Filter: SUSY RA2 Selection (without MET and min A® cut)

Producer:
QCDabcdProd.cc

< ABCDFunctions.rootj

Filter: SUSY RA2 Final Selection

produces weights
for control region

e MC (closure test)

Analyzer: Analyzer: 3 —— ABCD prediction
FinalPlots.cc FinalPlots.cc :

fill plots for fill plots with weights
signal region i ifrom control region

#
[ finalplots.root J
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e MC (closure test)

— ABCD prediction
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Conclusions &
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® Signal region MHT > 150 GeV, min A > 0.3
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| I I
minA$>0.3 / minA0<0.3

Fit function (exponential)
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