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Introduction

e SM electroweak theory predicts self interaction of EWK gauge
bosons.

e The self interaction of these boson in triple and quartic gauge
boson couplings provides us with important tool to test SM.
o Unitarization of the Higgs boson.
o Background for new physics searches.
o aTGC'’s and aQGC’s to test new physics.

e In this presentation we are going to present production of:
o Wjj —Ltvjj
o Zjj — llyj

e Large cross-section of vector boson fusion allows us to test
triple gauge couplings with high precision.
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Measurement of the Electroweak 7
STDM-2016-09 and JHEP 04 (2014) 031

4

EWK 737 production.

There are different processes that can generate the Zjj.

This analysis puts constraints on the productions of Zjj by:

o Strong

o EW VBF, Z bremstrahlung and non-resonant.

The interference between the two channels is minimal.

In this presentation we are going to focus on |3 TeV results in comparison
with the 8 TeV results.

Strong Zjj production.

}
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-09/
http://dx.doi.org/10.1007/JHEP04(2014)031

Modeling

STDM-2016-09 and JHEP 04 (2014) 031

13 TeV Analysis

e The analysis has been conducted at
V/(5) =13 TeV with [ Ldt = 3.2 fo~!

* PowHeg Box (NLO) and Sherpa (LO) are used for EWK
modeling.

e Sherpa (NLO), ALPGEN (LO) and MadGraph_aMC@NLO
(NLO) are used for QCD modeling.
8 TeV Analysis

e The analysis has been conducted at
V/(5) = 8 TeV with [ Ldt = 20.3 fo~!

e PowHeg Box (NLO) and Sherpa (LO) are used for strong and
EWK theoretical predictions.
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Search Method

STDM-2016-09 and JHEP 04 (2014) 031
13 TeV Fiducial Regions

® Baseline is the inclusive Signal that contains all other fiducial regions.
® EWK-enriched Enhances the EWK contribution by pgi"ance and 0 central jets
® QCD-enriched Enhances the QCD contribution by ptq’f'a"ce and at least one central jet

EWK sensitive region

Object | Baseline | High-mass | High-pr | EW-enriched | EW-enriched, | QCD-enriched
mjj > 1TeV
Leptons Inl <247, pr > 25 GeV, AR; ¢ > 0.4
81 < mgg < 101 GeV
Di-lepton pair
— P& > 20 Gev
Iyl <44
Jets P >55Gev 7 >85Gev P > 55Gev
P >45Gev P2 >75Gev P >45Gev
Dijetsystem | — | mj; > 1TeV — mjj > 250 GeV | mi;> 1TV | mjj;>250GeV |
i terval _ interval
Interval jets - N s 25 ey =© Niet (pr>25 Gev) 2 1
Zjj system — e LS potemee3 < 0.15

= = o5 o EWK sensitive cuts QCD Enriching Cuts
oo _ 191 + 97 +pi” +pi”?|
7

1+ e+
8 TeV Fiducial Regions
® |t is really similar to 13 TeV with different names.

® QCD-enriched — Control region , EW-enriched — Search region
Ismet Siral; 28 Aug 2017
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Inclusive (EWK+QCD) Results

Meas. of the Electroweak Zjj at |3 TeV, STDM-2016-09
e 7jj with EWK+QCD fiducial x-sections are measured using ogq = szdZVbC’Kg

Good agreement with theory among all regions.
X-sections are measured in ee and pu channels and found compatible.
The primary uncertainties are jet energy scale and resolution.

We observe a shape discrepancy in m; distribution due to QCD-Zjj

mis-modeling.
O This is corrected while calculating fiducial x-sections.

2 10° i i > T T

8 ATLAS Preliminary 4 paia 8 10* = ATLAS Preliminary o paa

~ (s=13TeV,3.2fb* [l EW-Zj (Powrec) ~ 10°E (s=13Tev, 321t [ EW-Zj (Powrec)

2 Zjj QCD-enriched region MMM QCD-Zjj (SHERPA 2.2) 2 107 - Zii EW-enriched region I QCD-Zjj (SHERPA 2.2)
g [ Diboson g I Diboson

i) Top quark o 10 Top quark

77777 Data Stat. 0 MC Syst. 7777/, Data Stat. [ MC Syst.

% 3 = ALPGEN *‘MGSJMC % 3 - ALPGEN fMGSfaMC

O 2[®SHERPA 2 B a 2 A 2.

o 1 S 1 7

s, - s, ‘ ‘ / 29
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Inclusive (EWK+QCD) Results

Meas. of the Electroweak Zjj at |3 TeV, STDM-2016-09

—~@— Data (QCD+EW) 77277 SHERPA 2.2 (QCD-Zjj) + POWHEG (EW-Zjj)
—&— Data (EW only) NN MG5_aMC (QCD-Zjj) + POWHEG (EW-Zjj)

—&— Data (QCD+EW) 8 Tev 83388 ALPGEN (QCD-Zjj) + PowHEG (EW-Zjj)
—A— Data (EWonly) 8 Tev I POWHEG+PYTHR8 (EW only Zjj)
POWHEG+PYTHIAR (QCD+EW Zjj)

—o

ofd [fb]

10%E

10° E ATLAS Preliminary; =
F Ys=13TeVv,3.20" : H : :
10 Vs=8TeW 203" | : : e
= Baseline High P, EW-enriched QCD-enriched High mass  EW-enriched
m>1 TeV m>1 TeV

Theory/Data

Fiducial region

® Good agreement between theory and observation
® The other data points will be explained later.
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Inclusive (QCD+EWK) Results

Measurement of the Electroweak Zjj at 8 TeV, JHEP 04 (2014) 031

e The 8 TeV inclusive results are obtained in the same way as |13
TeV.

e Similar same m;; problem are observed.
e The primary uncertainties are jet energy scale and resolution.
e Good agreement with theory among all regions.

Fiducial region g4 (pb) E 10 E ." T T T T T T T 3
baseline 5.88 + 0.01 (stat) £ 0.62 (syst) = 0.17 (lumi) _N; E ATLAS 3
high-pr 1.82 + 0.01 (stat) + 0.17 (syst) = 0.05 (lumi) S o fLdt=203 bt
high-mass 0.066 £ 0.001 (stat) £ 0.012 (syst) + 0.002 (lumi) B o4 (s=8TeV |
search 1.10 + 0.01 (stat) + 0.09 (syst) £ 0.03 (lumi) 1 ot =
control 0.447 £ 0.004 (stat) + 0.059 (syst) £ 0.013 (lumi) g . g
Fiducial region Othoory (PD) o Data 2012 -
baseline 6.26 £0.06 (stat) 1350 (scale) 1332 (PDF) 1332 (model) 101 . .
highpr 192 £0.02 (stat) *L (seale) 2% (PDF) *9% (model) £+ Powheg (Zjj) + Sherpa (VZ) R
high-mass 0.068 £0.001 (stat) *39% (scale) *09% (PDF) +99%% (model) R
search 1.23 £0.01 (stat) *01} (scale) ¥0.08 (PDF) ¥09% (model) §

control 0.444 + 0.005 (stat) T3331 (scale) T32! (PDF) 3922 (model) B

baseline  high P, search control  high masg
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m;; Shape Corrections
Meas. of the Electroweak Zjj at |3 TeV, STDM-2016-09
¢ QCD-enriched and EWK-enriched regions are designed to be
kinematically similar.

* In order to correct the m;; shape mismatch
O On the QCD-enriched region, the background is removed.
O Corrections to W ;j-QCD are extracted.
O Applied to EWK-enriched region.

e Linear fit was used for the data-driven correction.
¢ The difference between quadratic and linear fits are found to
be minimal.

> - - -
3 10'E" ATLAS Preliminary

3" —e— Data S [ Aben @CDZj) | 3
- 10°E {s=13Tev, 321" M EW-Zj (Powneq) § 1.6 =+ MG5_aMC (QCD-Zjj) i
€ 102 k- 2 QCD-enriched region MM QCD-Zjj (SHERPA 2.2) - [ === SHERPA 2.2 (QCD-Zjj) 3
3 E B Diboson < 1.4F Scale and PDF unc. |
o 10 Top quark -2 = 9
E Data Stat. ® MC Syst. 3 k 3
:g E 1 .2;’. B
107'E ]
oF o 1 -
102k £ 1
100k 08 TRt T, 3
10 06 Nt ||| T -
8 3T AN 2G5 aM(}j— 0.4f E
8 2 QSHEHPAQQ :*:i—rf' + 0 2:ATLAS Preliminary B
Q [t = o 200 ““EVs=13Tev,321" “ve
7000 2000 3000 4000 0& v Ty

1000 2000 3000 4000

Dijet invariant mass [Ge'
' (Gl Dijet invariant mass [GeV]
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EWK Zj7 Measurement

Meas. of the Electroweak Zjj at I3 TeV, STDM-2017 **

ATLAS Préliminary

(s=13Tev,3.2fb*

Zjj EW-enriched region
¢ Data

Il EW-Zjj (POWHEG)

I QCD-Zjj (ALPGEN)

Events / GeV

® Zjj EWK contribution is extracted on m;

® |t’s extracted on EWK-enriched region.

® Binned likelihood fit of QCD & EWK m;;
templates are used.

° - i 2000 3000 4000
The QCD background Shape il Dijet invariant mass [GeV]
EWK-enriched is corrected using a data ATLAS Preiminary {§=13Tev, 32 b1

1.5~ QCD (AlPGEN) T
+EW (POWHEG)

0.5 L I

1.5[-QCD (MG5' amicy T
+ EW (Pownec)

1%4»477‘/744;/%%? /; .
0.5 | |

1.5fF QcO (shedpa22) — T T T T T
+ EW (POWHEG)

0.5 .

driven method.

® The cut mj; > 1 TeV is used to enhance the
signal to background ratio by 26%.

® The largest uncertainty is the QCD modeling
uncertainty.

MC/Data MC/Data MC/Data

PR B ./
1000 2000 3000
Dijet invariant mas:

Measurments of Vector Boson Fusion With The ATLAS Detector

Ismet Siral; 28 Aug 2017


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-09/

EWK Zj7 Measurement

Meas. of the Electroweak Zjj at |3 TeV, STDM-2016-09

—e— Data (QCD+EW) 74277/, SHERPA 2.2 (QCD-Zjj) + POWHEG (EW-Z]j)
—O&— Data (EW only) N MG5_aMC (QCD-Zj) + POWHEG (EW-Zjj)
—&— Data (QCD+EW) 8 Tev \ $5888% ALPGEN (QCD-Zjj) + POWHEG (EW-Zjj)
—A— Data (EW only) 8 TeV POWHEG+PYTHIA8 (EW only Zjj)
_ POWHEG+PYTHIA8 (QCD+EW ij)/V
i~} F B : : :
—— 4| L :
25 10° g, : o
E el S
- W LT :
10° : o E E
E : ; # E
10°F P < : E
E ATLAS Preliminary; - : b ’?E
[ Vs=13Tel, 321" : : : - J
10EYs=8TeW 2031 ! i : HEY -
= Baseline Highp, ~— EW-enriched QCD-enriched High mass EW-enriched_
m>1 TeV m>1 TeV
o 1.5F N AN ]
= b N 4 //\ a
a N 2 N
> 1 ~
-
o
2 05
= .

Fiducial region

® We observe a good agreement with the theory.
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EWK Zj7 Measurement

Measurement of the Electroweak Zjj at 8 TeV, JHEP 04 (2014) 031

e Zjj EWK contribution is extracted on
m,;; distribution inside the search

. > Eg T T 3
region. Rlag [La=20sh 4

E E -o- Vs=8Tev 3

e The control region is used for Sk g

t
[+

estimating and constraining the

=
o
UL

background shape using re-weighting. S
e PowHeg signal and data has good . 1:: SR ——
agreement. et el
e The background only §~Z:1;***+ ------------------- :
LT —
0

<=+ unconstrained

hypothesis is rejected > 50

500 1000 1500 2000 2500 3000 35

m; [GeV] 0
Obs:
oEwk = 54.7 £ 4.6(stat) T8  (syst) £ 1.5(lumi) fb
Exp:

oEwk = 46.1 +0.2(stat) 03 (scale) £ 0.8(pdf) + 0.5(model) fb
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Differential Results
Measurement of the Electroweak Zjj at 8 TeV, JHEP 04 (2014) 031

Some of the considered differential observables are:
o myj Ayl |Ad(4, )|, NEE, pEenee
To get the differential distribution in particle level.

|. In differential distribution, BG is subtracted from data.
2. Bayesian unfolding is then applied to get particle level distribution.

PowHeg has better agreement in baseline as it’s NLO.

On search region both PowHeg and Sherpa have good
agreements.
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Differential Plots
Measurement of the Electroweak Zjj at 8 TeV, JHEP 04 (2014) 031

T
ATLAS

T g ES 2 e o
e Jra Z%i"’\'/) 1 o 3k —— A\ Sherpa 2 (QCD + EW)
— e search region | -~ Sherpa 2j (D)
3 F —_— #% Powheg Zj (QCD + EW)
— 3 10%E I - - Powheg Zj; (QCD)
3 10°F
—4- Data (2012) 3 E
[ 3\ sherpa Zj (QCD + EW) N| [ ATLAS
6
Sherpa Zj (QCD) % 10 E [Ldt=2031"
## Powheg Zjj (QCD + EW) - 3 F (s=8Tev
- - - Powheg Zjj (QCD) E ; [ baselineregon ~  Tefo-ee-
L I L L L L 10'E L L
E-1
-1
a7 15E
o
o % 15
3|8
o 1
0 1 2 3 4 6 7 0 500 1000 1500 2000 2500 _ 3000
1ay| m; [GeV]

On both plots we can observe that high |AY'| and Mj; is sensitive to EWK.
On the Mj;; differnatial we can observe modelling problems.

None off the generators can fully describe the modeling.

We have good agreement with prediction.
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aTGC Results

Measurement of the Electroweak Zjj at 8 TeV, JHEP 04 (2014) 031

e Effective lagrangian has been used to set limits on aTGC

L _ T v o_ fu v T nv Az T 27
i = ilar,z (WL WHZY — W, WikzY) + Kywiw, 2 +m,€v W, Wl zve)

e aTGC limits have been set on search region with m;; > 1 TeV

* To preserve unitarity a form factor is used , a($) = e AT
where « is anomalous coupling of interest.

e Two scales have been used. (A = 6 TeV, c0)

aTGC A =6TeV (obs) A=6TeV (exp) A =o0 (obs) A=oc (exp)
Agi .z [—0.65, 0.33] [-0.58, 0.27] [-0.50, 0.26] [-0.45, 0.22]
Az [-0.22, 0.19] [-0.19,0.16]  [~0.15,0.13] [-0.14, 0.11]
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EWK Zjj Measurement Summary

Measurement of the Electroweak 75

Overall all measurements are in good agreement with the theory.

—@— Data (QCD+EW) /2777 SHERPA 2.2 (QCD-Zjj) + POWHEG (EW-Zjj)
—6— Data (EW only) "N MG5_aMC (QCD-Zj) + POWHEG (EW-Zj)

—4— Data (QCD+EW) 8 TeV | 1888888 ALPGEN (QCD-Zjj) + PowHEG (EW-Zjj)
—A— Data (EWonly)8Tev MM PowHee+PYTHIA (EW only Zjj)
[ POWHEGHPYTHIAS (QCD+EW Zjj)

T ; -
= [ s b = T T T
-Eoﬁ 10* s £ 2d 2| ATLAS Preliminary i
E : 3 -% 102 E
g e 8 :
107 H @ 4of -
E e @ L ]
F ERCEVASENITS i g %
r i AN S 20f d
10°E : ; < 5 8
E ATLAS Preliminary: (2= ] ' ¢_§ g 10p E
F H S H H H ~ £ 3
F §= ;qu\eleg'g Ig‘ ; : i : 1 8 ¥ ATLAS EW-Zj ]
10 ¥s=8Tev, <0. : " f i R 1t I PowHEG EW-Zj m >0.25 TeV |
Baseline High P, EW-enriched QCD-enriched High mass ~ EW-enriched 2 ! 1
m>1Tev >1 TeV Il PowHEs EW-Zjj m>1 Tev
1 1 1
g 15 N N s 10 15
o /A\ Centre-of-mass energy \s [TeV]
;‘ B
-
8
£ — H H H H —
£ 05

Fiducial region
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Measurement of the Electroweak 1 ;5
Eur. Phys. J. C (2017) 77:474

EWK W production.

e Similar to VBF Zjj prod., Wjj prod. is composed of:
o Strong

o EWK VBF, W bremstrahlung and non-resonant.
e Similar to Zjj, Wjj EWK contribution increases with m;.

Strong W ;7 production.

Ismet Siral; 28 Aug 2017
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Modeling

Measurement of the Electroweak W jj, Eur. Phys. J. C (2017) 77:474

Ismet Siral; 28 Aug 2017

W3jj is simulated using PowHeg + Pythia8 (NLO)
with data driven corrections.

Sherpa (LO) is also used to validate the signal as well to
estimate the uncertainty of interference between strong and
EWK channels.

For testing unfolded distributions, HE] (High Energy
Jets)(all-order) is also used.

The BG with prompt charged leptons are modeled with MC.

The multi-jet background is estimated using a data-driven
method.

The analysis has been conducted at both
\/(5) =7, 8 TeV with [ Ldt = 4.7, 20.3 fb™"!
o This is the only VBF measurement at 7 TeV.

Measurments of Vector Boson Fusion With The ATLAS Detector
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Search Method

Measurement of the Electroweak W jj, Eur. Phys. |. C (2017) 77:474

. L. . . ng=|M|‘w”
® The analysis has been split into 3 fiducial & w-v |

regions for setting fiducial cross-section
limits. Marked Blue.

® 6 additional fiducial regions have been
implements for differential

ujnn[

measurements. Marked Red. Region name Requirements
Preselection Lepton pr > 25 GeV.
® There is a fiducial region defined to Lepton il < 25
miss > 20 GeV
) . my > 40 GeV
enhance aTGC’s production. o > g0 0a
i > 60 Gev
Inclusive Jetlyl < 4.4
i= Mj; > 500 GeV
E=| Ay, ) > 2
£ | Forward-lepton/ | Forward-lepton ARG > 03
Z | centraljet regioni control region R T
< cen _ 9 .
o M= le =0 Signal region Rl 2 R0
2| Nigion = Nigpton =0 Forward-lepton control region Nisto = 0N =0
5 Central-jet validation region RE SR
= Differential measurements only
Central-jet Inclusive regions Mj; > 0.5 TeV, 1 TeV, 1.5 TeV, or 2 TeV
validation region ! Signal region Forward-lepton/central-jet region Niggton = 0N 21
High-mass signal region Mj;>1TeV, Nt = 1, Nge = 0
Anomalous coupling measurements only )
High-¢? region Mjj > 1TeV, N3, = 1,NES2 =0, pft > 600 Gev

Jet centrality
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107 ATLAS =7 Tev“a 70
Wij signal region ® Daa
. EwW W
M Qcowj
Top quarks
W Mutjets
Zjand dibosons
%2 Uncertainty

EWK W ;5 Measurement

Measurement of the Electroweak 1 j7, Eur. Phys. . C (2017

Events / GeV

® Using the m;; distribution on the signal region, the fiducial
EWK W jj cross-section was measured.

® The primary uncertainties, jet energy scaling and resolution.

1500 2000

Data / Prediction

2500 3000
M

® Similar to Zjj, m;; shape correction has been driven for
QCD-W3jj contribution in forward-lepton control region,
The slopes of the fit were consistent with 0.

————
V=8 TeV, 20.2 15"
- lp. Wi signal region ® Daa
o Eww;
M Qcow
Top quarks
M Multiiets
Zjj and dibosons
%8 Uncertainty

Events / GeV/
g,

® The cross-sections are extracted using a binned likelihood f
fit on m;; distributions in the signal region. w0

Vs ofid . [fb] ofid [fb] Acceptance A ot [fb]

7TeV 144 +£23 (stat) +23 (exp) + 13 (th) 144 +11 0.053 £0.004 2760 + 670
8TeV 159+ 10 (stat) +17 (exp) +20 (th) 198+12 0.058 +£0.003 2890 + 510

Data / Prediction
°
&
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Differential Measurements
Measurement of the Electroweak W jj, Eur. Phys. . C (2017) 77:474

The differential measurements are only done for 8 TeV.

Differential measurements are done in all nine fiducial regions.

EWK differential measurements require m;; > 1 TeV

o For EWK differential measurements, before unfolding in addition to
background, QCD W jj is also removed.

The considered observables that are EWK sensitive:
o Cy, Cj, Mjj, Ay(jr, jo), Nt

jets

The considered observables that are aTGC sensitive:
o ph, i, Ad(j1, j2)
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Differential EWK cross section
Measurement of the Electroweak W jj, Eur. Phys. . C (2017) 77:474

= E 3 £ T T T T T
3 E —e— Data (§=8TeV, 20.2b" i B [ —e— Data s=8TeV, 20.21b"
o [ = Interference uncertainty 1 2 E= Interference uncertainty
§= e, POWHEG+PYTHIAB EW-only { & | POWHEG+PYTHIAS EW-only |
D o3k == ~ SHERPA EW-only s — SHERPA EW-only E|
8 T 3 ]
= f —t— 1 s F ;*'* ]
= ] ©
L b ] 5 [ ==t 1
””””” L 5k |
104 — =10 # —_—
10k 102 N
F ATLAS i [ ATLAS 1
Wij signal region (M“>1 .0 TeV) L Wijj signal region (M“>1 .0 TeV) 4
f . [ PR I BN R N P
k] k] T T T T T T T
8 15 8 15r _ 1
> > s S
g 1 2 1-.|.+jr_H,_§_
2 2
=05 - 0'57\ | | | | | Ll
10° 210° 2 3 4 5 6 7 8
Dijet mass [GeV] Ay(i, 1)

® The over estimation on m; cannot be seen here.

Interference effects becomes much more dominant on low |AY].
® Differential cross section measured for EW-Only W jj processes in various fiducial regions in
agreement with prediction.
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Integrated Differential Cross-Sections
Measurement of the Electroweak W jj, Eur. Phys. . C (2017) 77:474

o E 3 —e— Data (QCD+EW) E
= B e ' POWHEG+PYTHIA (QCD+EW) 1
? E - —e— Data (EW) _
= [} EA= —— Data (EW constrained fit)
m 10°E > ° 3 POWHEG+PYTHIA8 (EW) =
. —— 3 0 g S|
¥ fER G L : s - f
© [EEe . = 3 5 $ A il
=% = — == 5
2 = - f: 3 =Q°7% i
107 £ e 1 kEs ¥ s s |
E £ 'Y H g H 5 > 5
= 2 i S S o $ 3
- 3 s [ A
— } 2 N
10 & ¢ I
E H g g =5
CATLAS i 47 1f
E A " o
[ fs=8TeV,20.2fb" EW Sensitive i
> 157 =
e}
= 1 & t 1
3 | B T
3 0.5 =

Fiducial region

® |Integrated cross-sections are also extracted from each fiducial region.
® FEach region has good agreement with theory.
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aTGC Results

Measurement of the Electroweak W jj, Eur. Phys. . C (2017) 77:474

e Limits on aTGC are set with the fiducial region
mj; > 1 TeV, Ng" =1, N = 0, pf > 600 GeV.
e 39 Events were predicted and 30 events were observed.

e The aTGC’s were modeled using the following effective
Lagrangian.

e aTGC limits of 95% CL is set.
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. . . 2 o
 To preserve unitarity a form factor is used , a(¢*) = @W’

where « is anomalous coupling of interest.
e Two scales have been used.( A = 4 TeV, o)
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aTGC Results
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e Limits on aTGC are set with 95% CL.
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e Conversion to effective field theory are also available.
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Summary

® Understanding of the EWK process is crucial for L Sreonesk X pcton mosstoras ATLAS Preliminry
. urcerany [ N

our understanding and testing of SM. ‘
® Detailed EWK VBF studies have been conducted for -
8,13TeV Zjjand 7, 8 TeV Wyj. ==
® Differential cross-sections and aTGC limits are - '
available at 8 TeV studies for both productions.

® Overall good agreement is found
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m;; Shape Corrections
Measurement of the Electroweak Zjj at 8 TeV, JHEP 04 (2014) 031
e Control and search regions are designed to be kinematically
similar.
* In order to correct the m;; shape mismatch, corrections to
W 3j5-QCD are extracted in control region and applied to
search region.
e First order poly. was used for the data-driven correction.
¢ The difference between second order poly. and first order
poly. are found to be minimal.
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m;; Shape Corrections
Measurement of the Electroweak W jj, Eur. Phys. . C (2017) 77:474
e Control and signal regions are designed to be kinematically
similar
* In order to correct the m;; shape mismatch, corrections to

W 3j5-QCD are extracted in control region and applied to
search region.

e First order poly. was used for the data-driven correction.
* The effect of slope correction of 1%/TeV is approx 0.1 in gy .
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