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Definition of the validation region

©

As a reminder: we compute fake rates in the so-called control region
(CR): same requirements as SR, but no b tagged jets

o | defined the validation region (VR) to be both close to CR and SR: same
definition of SR but exactly 1 b tagged jet

Orthogonal to both CR and SR
Being orthogonal to SR, we can look at data here (not blinded)

©

©

‘ NTh NK Njets ijets

CR| 1 0 >38 0

VR | 1 0 >38 1

SR | 1 0 >8 =>2
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Definition of the validation region

o The VR background composition is similar to the one in the SR: lots of
QCD, non-negligible tt, some tt+X

tttt  tt QCD tt+X
CR 0.09 287.46 6051.20 8.17

VR 098 2321.43 7792.01 78.91
SR 8.79 5389.60 6539.06 162.25

o It looks fine to perform validation in this region
o Compute the QCD yield expected by the FR method in the VR

MC QCD yield FR QCD vyield
exp. yield 7792 12392
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Validation of the FR method

©

©

©

Assumed we are going to fit Hy distribution in this category

o We don't have a BDT here

Perform data/MC agreement for Hy distribution in the VR
Scale the MC QCD shape to yield coming from FR method
Interestingly, using the FR yield enhances the data/MC agreement:
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data/MC

MC QCD yield FR QCD vyield
28% 0.2%
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Remarks on validation procedure

o MC QCD spikes make it hard to decide the level of agreement
o Try to get the shape of QCD from data as well

o Statistics would be increased a lot
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QCD shape estimation: general idea

o First, we need a QCD-dominated region which is sufficiently close to the
SR
o We have it already, it’s the CR used in the FR method
o 96% QCD purity in the CR

o Take the QCD shape from the CR in data

o Correct for kinematic differences between CR and VR using the
simulation

o Take the ratio of Ht shapes in VR and CR, fit it and get a transition
function from CR to VR

o Apply the transition function to the data distribution in CR to get the
final shape in the VR
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Transition function

QCD
uncertainties
o Just compare shapes: in Htau0k
i CMS  simulation preliminary 35.9 fb™ (13 TeV) . e
normalize areas to 1 % 045F ‘ ‘ ‘ E
. o 0.4F DVaIidanonselecnoné U o
o Of course, QCD spikes are 8 ok — Contol slecion on £R method
present here, so we cannot hope 3 o03f E HT in SR
for a precise ratio g 0%F E Uncertainties
] 0.2? E on QCD shape
o Smoothen the ratio by fitting 0.15E E
with a straight line O(()):E 3
. . .y . e ol e E
o This straight transition factor g ssppprEpE——— e
is applied to the Hy 400 600 800 1000 1200 1400

distribution of data in the CR Hr [GeV]
to obtain the final shape
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Corrected data shape

h_QCD_HT_CR
h_QCD_HT _CR
0.25 — —_—
- Entries 11561
N Mean 708.3
: Std Dev 233.8
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o Blue: Ht shape from data in CR; red: Hy shape from data in CR corrected

with CRtoVR transition function

Hy [Gev]
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Validation of the FR method: QCD shape from data

. CMS Preliminary 35.9 b (13 TeV)
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Hy distribution in SR

QCD
uncertainties
in 1tauOL
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o Estimate QCD shape in the SR with identical method as for the VR HT in SR

(See fO”OW|ng S||de) Uncertainties
on QCD shape
o Of course do not plot data here: we are blinded!
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Transition function

QCD
uncertainties
o Just compare shapes: in Htau0k
i CMS  simulation preliminary 35.9 fb™ (13 TeV) . e
normalize areas to 1 B oub ‘ ‘ ‘ E
O] E . =
. E [ signal selection 3 Uncertainti:
o Of course, QCD spikes are § 0.35F — Control selection on PR methad
present here, so we cannot hope 3 02‘2? : E HT in SR
. . LeO | |
for a precise ratio g oE ; 3 Uncertainties
1] : E i | E on QCD shape
o Smoothen the ratio by fitting 015 | E
. . . 0.1 { | ¢ =
with a straight line o 2 ‘ E
. . .y . EL L 1 1 E
o This straight transition factor Y . : —
is applied to the Hy %00 600 800 1000 1200 . 1400

distribution of data in the CR Hr [GeV]
to obtain the final shape
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Corrected data shape

h_QCD_HT_CR
h_QCD_HT CR
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o Blue: Ht shape from data in CR; red: Hy shape from data in CR corrected

with CRtoVR transition function
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Hy distributions: 1tauQL

CMS Preliminary 35.9 b (13 TeV) QCD
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Uncertainties on the QCD shape

o QCD Hy shapes are taken from the CR in data and translated to VR or SR
using the corresponding transition functions (TFs)

o TFs are the result of a fit: ROOT gives you the fitted parameters and the
correlation matrix V of the fit

o In our case, we fitted with straight lines of the form
y=mx+aq,

so the correlation matrix will look like

o2 m
V:[ q p‘g],

Pmqg Om

2 - —
where o, are the variances of the parameters and pgm = pmg are the

correlation coefficients between m and ¢
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Uncertainties on the QCD shape

o In general, pgm = pmq # 0, i.e., some degree of correlation exists between the
two parameters

o This means one cannot shift m and g up and down independently

o Vs a real, symmetric matrix = it can always been diagonalized by means
of an orthogonal transformation

o This means it exists some auxiliary parameter space in which m and q
are fully decorrelated

o One can shift them up/down independently in this space

o Linear algebra theorem: the orthogonal diagonalizing matrix O has the
eigenvectors of V as columns

D=0"YOo=0"V0
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Uncertainties on the QCD shape

o ldea: Starting from the “real” parameters, described by the vector kD
p’ = (g, m), we first transform them to some auxiliary parameters in 1tau0L
~T ~ . lemmi
p’ = (g, m): Foi

ﬁ — Op Uncertainties

on FR method

o In the auxiliary space, the correlation matrix is diagonal and its non-zero
elements are the variances of m, g

52 0
—
p [0 521"

o Now the parameters can be shifted independently, so we define the shifted TFs
in the auxiliary space to be described by

HT in SR

Uncertainties
on QCD shape

Pup = (3 + &g, M+ 5m)

ﬁ;—own = (q - 6?77 m— &r"n)

F. lemmi (IHEP) QCD uncertainties in 1tauOL 16 /21



Uncertainties on the QCD shape

QCD
uncertainties
. - - in 1tauOL
o Finally, we perform the inverse transformation to go back and get the e
e . . . F. lemmi
parameters describing the TFs in the original space
Uncertainties
n FR method
=015 ¢
Pup P:p HT in SR
Pdown = o~ ﬁdown Uncertainties

on QCD shape

©

Now compare nominal shapes with the upwards/downwards shifted shapes
Scale all areas to one: we are interested in the shape differences
o The yield will be coming from FR for all of them

©

The upwards/downwards shapes are what Combine needs to implement
shape uncertainties

©
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q m

Nominal 0.95 -0.00024
Up 1.31 -0.00064
Down 0.59 0.00016




QCD shape uncertainty: VR
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q m

Nominal 1.034 -0.00041
Up 1.42 -0.00083
Down 0.65 -1.3572e-06




QCD shape uncertainty: SR
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