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CMS

Z—ee cross section using [L = 1.34 pb~!

Nselected = 463 +21.5
NBackground = 4.6 £ 5.5
Electron offline efficiency:

€Reco = 1.0000 = 0.0060 (stat) £ 0.0055 (syst)
EReco—wPos = 0.9524 + 0.0100 (stat) £ 0.0101 (syst)
ewposHLT = 0.9797 £ 0.0047 (stat) £ 0.0131 (syst)

Dilepton efficiency = 0.9067 + 0.0219 (stat) £ 0.0217 (syst) -
Acceptance = 0.4357 + 1.1% (theory) + 1% (Energy scale) <—| y="

@y*/z X BR(Z—ee) =866.0 £ 45.4 (stat) £ 33.8 (syst) £ 95.3 (lumi) p@

NLO prediction = 970 + 20 pb, NNLO prediction =972 + 39 pb
Observed cross section is 10% lower than prediction !

The only MC ingredient now is acceptance. This will always remain so.
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. . . . = CMS
Simultaneous fit for cross section & efficiency Z

Simultaneous fit to three samples: TT, TF(EBEB), TF(EBEE+EEEE)

NO. NAME VALUE ERROR
1 bkgGammaFailTF_ BB -1.59986e-02 1.17222e-02 i ;
2 bkgGammaFailTF End _9.987426-03 9‘24291e_03} Exponential bkg. shape for the two low purity samples
G 22:2 32?,2;;2_81 Z;Ziggii_gi) Electron offline efficiency in the barrel and endcaps
5 massShiftTF_BB -1.11956e+00 5.14202e-01 )
6 massShiftTF End -1.46626e+00 1.07183e+00} Mass shifts due to electron energy scale
7 massShiftTT -5.44216e-01  2.15923e-01
8 nBkgTF_BB 2.90186e+01  7.50783e+00y # background events in low purity sample
9 nBkgTF_End 4.40033e+01  8.51631e+00
10 resoTF_ BB 6.69634e-02  1.31782e-01 : : .
11 resoTF End 1.64161e-01 2.90844e+00} Gaussian resolution widths
12 resoTT 2.18652e+00 3.11306e-01
(13 xsec 8.89085e+02  4.94679e+01") Z signal cross section (contains ~1% residual bkg.)
PARAMETER CORRELATION COEFFICIENTS
NO. GLOBAL 1 2 3 4 5 6 7 8 9 10 11 12 13
1 0.04917 1.000 0.010 -0.043 -0.005 -0.008 -0.011 0.000 -0.034 -0.010 -0.001 -0.011 0.000 0.019
2 0.85772 0.010 1.000 -0.158 -0.751 0.001 -0.857 0.000 -0.073 -0.661 -0.000 -0.854 0.000 0.481
3 0.49232 -0.043 -0.158 1.000 0.028 -0.005 0.180 -0.000 0.318 0.155 0.000 0.179 -0.000 -0.293
4 0.88548 -0.005 -0.751 0.028 1.000 -0.001 0.856 -0.000 0.037 0.740 0.000 0.853 -0.000 -0.545
5 0.01047 -0.008 0.001 -0.005 -0.001 1.000 -0.001 0.000 -0.004 -0.001 -0.001 -0.001 0.000 0.002
6 0.99837 -0.011 -0.857 0.180 0.856 -0.001 1.000 -0.000 0.083 0.753 0.000 0.998 -0.000 -0.548
7 0.10532 0.000 0.000 -0.000 -0.000 0.000 -0.000 1.000 -0.000 -0.000 -0.000 -0.000 -0.105 0.000
8 0.32270 -0.034 -0.073 0.318 0.037 -0.004 0.083 -0.000 1.000 0.072 0.000 0.083 -0.000 -0.141
9 0.77851 -0.010 -0.661 0.155 0.740 -0.001 0.753 -0.000 0.072 1.000 0.000 0.750 -0.000 -0.474
10 0.00118 =-0.001 -0.000 0.000 0.000 -0.001 0.000 -0.000 0.000 0.000 1.000 0.000 -0.000 -0.000
11 0.99830 -0.011 -0.854 0.179 0.853 -0.001 0.998 -0.000 0.083 0.750 0.000 1.000 -0.000 —0.547
12 0.10532 0.000 0.000 -0.000 -0.000 0.000 -0.000 -0.105 -0.000 -0.000 -0.000 -0.000 1.000 0.000
13 0.61874 0.019 0.481 -0.293 -0.545 0.002 -0.548 0.000 -0.141 -0.474 -0.000 -0.547 0.000 1.000

cross section after bkg subtraction
0 = 880.3 £ 49.5 (stat) + 13.1 (syst) pb
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866.0 £ 45.4 + 33.8 from simple counting
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Events / ( 2 GeV/c?)
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A Acceptance

. CMS
Syst error in Z acceptance due to energy scaleZ

4 The impact of the energy scale on Z acceptance is small.

4 The plot below shows the % change in acceptance vs the change in the EB
energy scale when EE energy scale has already been shifted by -4%.

4 We can safely assign a maximum syst. uncertainty of 1%.

- —40 .
0.010F EE scale alr.eady offset by. 4% r
0.005 e ® .

- ¢ If you look at the point
0.000 L where EB scale is shifted
0,005 & . -2% and EE scale is

- Py shifted -4%, you see that
-0.010 e the acceptance changes
0.015 o by about 1%. So this is the

' - . P € > : . .

s . maximum systematic effect
-0.020 |- L we could have.
'0025 :_ | | | ' ! | ! 1 | | |

-0.05 0.00 0.05
EB Scale Offset
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CMS

Big picture on systematic uncertainty

e Red numbers re-evaluated

muons electrons
2 channel 9
Muon reco/1D/iso Electron reco/ID/iso

Trigger efficiency 14 0.2 Trigger efficiency
Momentum scale and resolution 1.0 0.5 Momentum scale and resolution 1.0
MET scale and resolution 1.0 / MET scale and resolutio

Background subtraction <3.0 / Background syb

PDF uncertainty 13l 1.2
Other theoretical uncertainties 14 1.6 1.6 1.3
Total (without lumi) 4.2 4.8 3.7
Luminosity 11.0 Luminosity 11.0 11.0

[ computed for Pieter’s jamboree talk

Our largest syst uncertainty and
focus of our current effort
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CMS

Efforts at improving electron selection

Comparison of signal and background for electrons in EB
Signal = electrons in Z events chosen randomly

Background = fake electrons from Jet30 triggered events

[Input variable: deltaEta| [Input variable: deltaPhi| [ nput variable: sigmaletaleta | Input variable: hcallso
e —____________________ ————____________ o ;
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< ] © ] o ] -
Q le & e & 1 12
S 5 & & o 15 g
3 1 s 2 = > 1S 1
S 5 2 E s 12
3 2 S 1z £ 1= %
3 1B = & = s 12
s 1s 1s s =
~ S 1 is 1s
10 1S s 18 Je
i i P 1= 1o
o j@ j@ @
40 [ 40 1=
H Y% = 1z iz 13
:7 /// // E 12 13 i
~ 1 T 4% 1% o
1 & e , A is IS 0) 02040608 1 12141618 2
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0 10 20 30 40 50 60 5 10 15 20 25 30 -2 0.4 050. < 1A 1618
nMissingHits
HoverE trackiso ecallso

Correlation among these variables on the next slide >»
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EB: variable correlations

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in % Linear correlation coefficients in % 100

100

1MissingHits 1MissingHits

80

hcallso hcallso 60

ecallso ecallso

tracklso tracklso

HoverE HoverE

igmaletaleta -40 igmaletaleta =40

deltaPhi deltaPhi -60

deltaEta deltaEta

-100 -100

Y/t e, Yeltap, Slo Ho lra, €cg, hegq, MWisg;
ak; app. Mg, Ve, Ckj s lls, Isg,
Slale Hit. lq hj /ela[et rE Iso o o 'Ngy; it

de/tastadeltaphisiglhal Hove,.E . aclr/so ecallso "‘-‘allsO nMiss,-"g
la

Iso variables are quite correlated — H/E is correlated with calo iso.
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CMS

EB: optimization using linear discriminant

| TMVA response for classifier: Fisher |

Results for Fisher coefficients p -gighhl..l...l...I...I...I...I...I...TI"T".".
Variable: Coefficient g 100 (=] Background
deltaEta:  -0.031 g .

deltaPhi: +0.004
sigmaletaleta: -6.617 60

HoverE: -0.160
tracklso: -0.000)can use as atemplate 40
ecallso: -0.002 Variable instead

hcallso:  -0.002 «
nMissingHits: -0.011

0
. -0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 O 0.02 0.04 0.06 0.08
(Oﬁset) ) +0089 Fisher response

III|III|III|III|III|I0—

U/O-flow (S,B): (0.0, 0.0)%/ (0.0, 0.0)%

| Background rejection versus Signal efficiency |

Ranking result (top variable is best ranked) N — A
s ]

Rank : Variable  : Discr. power -;370-99 - T— -
1: sigmaletaleta : 3.648e-03 4 O~ :
2 : ecallso : 2.387e-03 3 "%k s .
3:HoverE  :1.689e-03 gt M
4 : hcallso : 1.556e-03 & F \ ]
5 : tracklso : 2.624e-04 0.96 | -
6 : nMissingHits : 3.260e-05 - \:
7 : deltaEta : 3.672e-07 0.95 |- : -
8 : deltaPhi  :1.453e-08 b VA Melhoo: :

.94 ¢
C P BT

0.5 0.6 0.7 0.8 0.9 1
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CMS

EB: optimized performance

Efficiency (Purity)

| Cut efficiencies and optimal cut value | | Cut efficiencies and optimal cut value |
Signal efficiency ——— Signal purity Signal efficiency ——— Signal purity
S - Signal efficiency*purity e |[ 5= Signal efficiency*purity
ABackgrOlAmd efflclgncy s /\/Sﬁ Background efflclency s /\ ;73 +B

10™

Efficiency (Purity)

1072

For: 1000 SIQnaI and 1000 background
events the maX|mum SN S+B is
30. 662_8 when cu_ttlng at 0. 9184

30,6628 When cuttinig at 0.0184

I B et eree e qreeepeseegeess g see e oo e e s

Lo o —— 1

(2018 0.02 0.022 0.024 0.026 0.028 0.03 0.032 0.018 0.02 0.022 0.024 0.026 0.028 0.03 0.032
Fisher output Fisher output
Y-axis scaled linear Y-axis scaled logarithmic
Possible to achieve 98% purity for 80% efficiency point using an optimal cut.

Fisher Fisher

deltaEta:  -0.026 deltaEta: -0.034

; . deltaPhi: -0.187 deltaPhi: +0.014

Correlatlons between |nput . sigmaletaleta: -0.894 sigmaletaleta: -0.840

. S|g HoverE: -0.265 Bkg HoverE: -0.357

variables and MVA response: tracklso:  -0.005 tracklso:  -0.305

ecallso: -0.347 ecallso:  -0.499

hcallso:  -0.202 hcallso:  -0.350

nMissingHits: -0.233 nMissingHits: -0.042
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. i ] . ] CMS
EB: parallel visualization of variables (signal) Lé
[
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CMS
EB: parallel visualization of variables (backgrd) Z

0.0560 0.0057 0.3023 0.0099 0.0615 7.2727 5.0744 2.5493 1.0000
F - b f

5| & a e ] P 5 e SSRRSRARSS |
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Fisher deltaEta deltaPhi sigmaletaleta HoverE trackiso ecallso hcallso nMissingHits
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CMS

Efforts at improving electron selection in EE |

Comparison of signal and background for electrons in EE
Signal = electrons in Z events chosen randomly
Background = fake electrons from Jet30 triggered events

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

[ Input variable: deltaEta | [Input variable: deltaPhi | [ Input variable: sigmaletaleta | [Input variable: hcallso
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[ Input variable: HoverE | [Input variable: trackiso | | Input variable: nMissingHits |
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Correlation among these variables on the next slide >»
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EE: variable correlations

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in % Linear correlation coefficients in % 1 0 0

100

MissingHits MissingHits
issi i 80
hcallso hcallso 60
ecallso ecallso 40
20
tracklso tracklso
0
HoverE HoverE
-20 -20
igmaletaleta -40 igmaletaleta -40
deltaPhi -60 deltaPhi -60
-80 -80
deltaEta deltaEta
-100 -100

de de Si H tr; ec, he, WY .
ltasta ltapy, ghra/e,al‘;';ers AChisy CAllsg CAllsy Mlssmg,.,it
a s

de de Si H tr ec. h MW
ItaEta tap, hi g’"aleta;:;»';e’ £ Chlgg lso lsg Mlss"igl*lits
Q

Larger correlations compared to the ones in EB.
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EE: optimization using linear discriminant

Results for Fisher coefficients

Variable: Coefficient
deltaEta: -0.085
deltaPhi: -0.000
sigmaletaleta: -2.657
HoverE: -0.270
tracklso: *.—0.000 can usg as a template
ecallso: -0.002 variable
hcallso: -0.003
nMissingHits: -0.013
(offset): +0.101

Ranking result (top variable is best ranked)

Rank : Variable : Discr. power

1 : sigmaletaleta : 3.807e-03

2 : HoverEk : 2.676e-03

3 : ecallso : 1.964e-03

4 : hcallso : 1.963e-03

5 : nMissingHits : 4.358e-04

6 : tracklso : 3.667e-05

7 : deltaEta . 2.224e-05

8 : deltaPhi : 1.706e-07

Kalanand Mishr

| TMVA response for classifier: Fisher |

CMS
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CMS

EE: optimized performance

| Cut efficiencies and optimal cut value |

| Cut efficiencies and optimal cut value |

Signal efficiency

— —— Signal purity
Signal efficiency*purity

S/\S+B

Background efficiency

Efficiency (Purity)

I € 1 aximum S /N'S+B is
L 29.5409 when cuttin Y

0.005 0.01 0.015 0.02 0.025

Y-axis scaled linear

0.03 0.035
Fisher output

Signal efficiency ——— Signal purity
| meemee Signal efficiency*purity
_ Background efficiency s/\'S+B
= - - -
=]
= 1 R
S
=
> .....
O b N
c
2
2
-1
10
1072
, Suitti 0.0068 : :
.IIIIIIII.IIIIIIIl.IILlllllIILII Y P )
0.005 0.01 0.015 0.02 0.025 0.03 0.035

Fisher output

Y-axis scaled logarithmic

Possible to achieve 96% purity for 80% efficiency point using an optimal cut.

Correlations between input
variables and MVA response:

Sig

Fisher Fisher

deltaEta: -0.047 deltaEta: -0.039

deltaPhi:  +0.249 deltaPhi: +0.004
sigmaletaleta: -0.648 sigmaletaleta: -0.797

HoverE: -0.708 Bkg HoverE: -0.539

tracklso: -0.002 tracklso: -0.226

ecallso: -0.160 ecallso: -0.417

hcallso: -0.434 hcallso: -0.417
nMissingHits: -0.386 nMissingHits: -0.160
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. i i . ] CMS
EE: parallel visualization of variables (signal) Z

0.0501 0.0852 0.5148 10765 0.1500 596.5620 66.4766 37.5801 5.0000

Bz676 -0.0787 -0.4995 0.0132 0.0000  0.0000 0.0000  0.0000
Fisher deltaEta  deltaPhi sigmaletaleta HoverE tracklso ecallso hcallso nMissingHits
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CMS
EE: parallel visualization of variables (backgrd) Lé
L]

0.0442 0.01;49 0.1163 0.0298 0.0651 3.3299 3.74-27 3.5286 1.0000
W ] =

s
ORI
o
e
R —G

5 5] o ] S
0.0068 -0.0230 -0.1439 0.0206 0.0000 0.0000 -0.2453 0.0000 0.0000
Fisher deltaEta deltaPhi sigmaletaleta HoverE trackiso ecallso hcallso nMissingHits
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