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CMS

Recall where we were in December

Using pre-selection cuts we were
dominated by syst error =» exclusion limit
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CMS

Clearly we needed to improve S/B ...

Dan Green presented a detailed rationale, including several
illustrated examples, during the last CMS week. His slides are at

https://indico.cern.ch/conferenceDisplay.py?confld=157054

Conclusion in December: Tightening the cuts would help, but
individual cuts are highly inefficient .....

To improve the analysis qualitatively we have )
[ Optimized a simple likelihood (for each Mu) to reduce syst
M Finalized optimized cuts for each My, nJet, lepton category
M Computed trigger efficiency and data/MC efficiency SFs

krz[ Recomputed systematics and exclusion limits )
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cMms

Optimization of likelihood

( CMS AN AN-12-008 )

Multivariate optimization and background estimation for
the Standard Model Higgs boson search in H-WW — fvjj
decay

Apply cut to the likelihood
Abstract  output. Use mww to set limit.

We present a study of the multi-variate optimization for the Higgs boson search in the
H -WW-— fvyjj final state in the gluon fusion production mechanism. Using a com-
plete set of mostly un-correlated variables we optimize each Higgs mass points sepa-
rately to distinguish between the Higgs signal and the dominant W+jets background.
We are able to achieve S/B ~ 7% at the most optimal mass value My = 400 GeV
in 2-jets events. This optimization corresponds to Higgs signal efficiency of about
32% and background rejection rate of about 95%. We also develop a data-driven tech-
nique to derive 4-body my,; invariant mass shape for W+jets background. For this
we use events in the upper and lower sidebands of the m;; distribution to extract the
4-body mass shape for events in the signal region 65 GeV < mj; < 95 GeV. Using this
data-driven technique we are able to keep the systematic uncertainties (dominated
by background shape systematics) to within 4%. This analysis note complements the
documentation of the main analysis in AN-11/110.
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Understanding event kinematics
4+ Use full kinematics of event

(matrix element) to discriminate
between signal and background

+Kinematics [at LO] described

by
{mww, mjj, 01, 82, 0%,0,d>}

e myy fixed by kinematic fit,
one DOF lost (pzv — M)

01, 62,®: helicity angles

0*,d,: production angles
02 range = [0,T1] (cannot distinguish g-qbar)

Kalanand Mishra, Fermilab

There are five
angular degrees of
freedom
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Use a complete set of observables to optimize Z

4+ Set of observables mostly

e {01, 02, 6%,0,02} + {qg (j1), qg (j2)} uncorrelated
+ {pTww, yww} + {lepton charge}

4+ Exclude mww, mjj from set of observables
 mww for limit computation
 mj for sideband extrapolation

4+ Separate MVA output in 4 categories for each
mass point: 170-200 GeV (every 10), 250-600
GeV (every 50)

e WW—pvjj in 2- and 3-jet category
e WW—evjj in 2- and 3-jet category
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Inputs, example

ihiH = 400 GeV: muon

channel, 2-jets categoryl

TMVA Input Varlables: WWpt

(1N) dN 1571

TRRTI FTRTI FPUT] FRNTY ITRTI FPTNY FYTe:
WO-flow (5,B): 10.0, 0.00% /0.0, 0.00%

20 40 60 80 100 120 140 160 180 200 220
Wivipt

TMVA Input Variables: J1QGL

LN B B B B B B B S B B S R B e

(1N} dN /0.0256

WO-flow (5,8): 10.0, 0.00% /0.0, 0.00%

J1QGL

TMVA Input Variables: costheta2

{1/N) dN 10.0204

UO-flow (5,B): (0.0, 0.0)% /0.0, 0.00%

T
05 06 07 08

costheta2

01 02 03 04

TMVA Input Variables: WWy

(1N} dN 10.104

WO-flow (5,B): 10.0, .00% /0.0, 0.00%

(1N} dN 100256

{1/N) dN 10,0812

08 0604 .02 0 02 04 06 0B 1

WO-flow (5,8): 10.0, 0.00% /0.0, 0.00%

s
H
e
£
s
e
e
:
g

costhetaS

TMVA Input Variables: LepCharge

12

o W

10

(1N} dN 10,0512

:
e |
!
H

LepCharge

{(1/N) dN 10,0811

WO-flow (5,8): 10.0, 0.00% /0.0, 0.00%

08 08 -04 02 0 02 04 06 0B 1
costhetat

TMVA Input Variables: Phi

{1/N) dN £0.181

WO-flow (5,B): 10.0, 0.0)0% /0.0, 0.00%

Kalanand Mishra, Fermilab

TMVA Input Variables: Phi2

{1N) dN /0.161

WO-flow (S,B): (0.0, 0.07% J (0.0, 0.00%

Small separation
everywhere, but
individual cuts
inefficient
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Correlations, example

:lmH = 400 GeV: muon channel, 2-jets category

Correlation Matrix (signal) Correlation Matrix (background)

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

Phi2 Phi2

Phi Phi 80
costhetaS costhetaS 60
costheta2 costheta2
costheta costheta

J2QGL J2QGL

J1QGL J1QGL

LepCharge LepCharge

WWy WWy

Wwpt Wwpt
e g, Lepcb;’,;gq"2QGL"°Sth9,§}9rhe,a‘g%e,§g/ Phi e e g, Le"f—‘h.;’,;g?GLJ2°GL°°s'he;§‘}"fhe;§gs'he£g’ Fhiz =
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Likelihood optimization, an example

Optimize the quantity:

Muon, 2-jets and 3-jets categories

cMms

S

\/ B+ ((SSys-background x B)?

Mass Win Cut S € RJ-Wjets RJ-Tot N N « 2" @
Point GeV v (%) (%) (%) Sig Bkg C L H
2j170mu [165, 180] 0.63 0.340 27.15 85.27 8499 4211 2802.47 0.13 0.10 0.15
2j180mu [170,200] 076 0.344 16.69 95.06 94.83 26.33 1627.43 0.00 0.00 0.04
2j190mu [185,210] 0.82 0.340 14.48 97.16 96.95 1260 666.05 0.01 0.00 0.07
2j200mu [190,220] 0.82 0.317 21.27 95.47 95.03 18.37 1169.95 0.00 0.00 0.12
2j250mu  [226, 287] 0.87 0.442 18.30 97.14 96.59 18.06 756.28 0.05 0.00 0.13
2j300mu [265, 347] 0.85 0.562 24.51 96.01 95.26 21.58 697.19 0.17 0.14 0.21
2{350mu_[308, 401] 0.87 0.925 26.59 96.08 95.19 423.20 0.15 0.11 0.20

2j400mu (346, 457

450mu

. [ 0.85
[415, 568] 0.76

88.39

339.33

0.20

0.17

0.22

2j500mu 0.664 52.99  90.52

2j550mu [440,617] 0.89 0.529 26.80 98.29 97.13 453 66.31 0.12 0.06 0.17
2j600mu [462, 663] 0.89 0.396 29.24 98.44 97.28 2.95 51.44 0.12 0.07 0.17
3j170mu [165,190] 0.59 0.305 33.85 84.00 8296 812 423.62 024 0.19 0.29
3j180mu [170,210] 0.60 0.220 38.44 79.60 77.78 9.78 840.62 0.27 0.21 0.33
3j190mu [185,220] 0.59 0.217 41.04 83.33 80.82 7.32 588.08 0.29 0.22 0.37
3j200mu [190,230] 0.57 0.177 5219  77.19 73.22 816 884.43 027 0.22 0.33
3j250mu [216,300] 0.75 0.243 40.61 89.25 84.03 10.11 77320 0.39 0.30 0.48
3j800mu [241,3855] 0.78 0.300 34.70 92.28 8752 993 571.61 044 0.30 0.56
3j350mu [269, 407] 0.79 0.412 36.71 91.58 86.22 12.69 519.09 0.15 0.05 0.28
3j400mu [300, 465] 0.77 0.497 38.69 92.65 86.41 1275 400.52 0.17 0.09 0.25
3j450mu [332, 518] 0.76 0.421 4299 92.62 86.32 9.05 309.79 042 0.29 0.54
3j500mu [362,569] 0.72 0.357 48.75 92.24 8449 697 26679 043 0.35 0.51
3j550mu [398, 616] 0.68 0.245 5576  88.94 80.87 443 286.92 024 0.15 0.35
3j600mu [419,660] 0.78 0.178 48.80 93.46 85.78 240 147.09 0.36 0.28 0.44

Details presented in
H—-WW —lvjj WG meeting
last week by Fan Yang

< An example:

Higgs Signal = 23 £ 20% syst
Background = 341 £ 4% syst
Significance = 23 /N(341+ 14) = 1.2

lllustrates why you need a good
control on the B error, why you
need a larger S/B, and why you
need to MEASURE the B error to
understand the systematics.
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Events / GeV

) . ] CMS
Example: m;j; fit used to get bkg normalization [é
Muons, 2-jets category, My = 600 GeV

CMS Preliminary 2011,L = 4.7 fb'1, s=7TeV
rrrrrrprrrprrrprrrp ettt CMS Preliminary 2011, L = 4.7 fb \Js = 7 TeV

: WW/WZ : — 5:| T I T TT I | I T TT I T I T TT | 1T I T |:
70 y2/dof = 8.225/9 = 0.914 WW+ets — O - e data .
- I top 1 = 45_ E
l I QCD i - ) =
60: W Z+ets 1 @ 35 .
50 e G2
Signal region = ] 1% “ l l l 3
40 not included in fit i le‘ 3 H i ‘ {
30 Visible peak from - '1:} { E
EWK diboson . 284 E
20 - 3F E
10 = 4F  Good description of data 3
_5:I | | 1 1 I 1 1 | 11 | | 1 1 | 11 1 | 11 | 11 I:

0 60 80 100 120 140 160 180 200 60 80 100 120 140 12% (1(%%\?)0(

m; (GeV)
Efficiency corrections applied: see my presentation in H—>WW (lvjj) working
meeting on December 7.
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Events / GeV

C : — . CMS
Example: mww distribution used for limit settlngZ

Muons, 2-jets category, My = 600 GeV

CMS Preliminary 2011,L = 4.7 fb'1,\I§ =7 TeV

18 T [ | L | | L I | L | | L I T T I—_
WW/WZ
16 I W+jets
Il top
14 QCD
I Z+jets
12 * data

10 Plot for events in the

signal region =» 65 <
m;; < 95 GeV. No fit
here. Just stack the
backgrounds together.
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CMS Preliminary 2011,L = 4.7 fb'1, s=7TeV
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Good description of data.

300 400 500 600 700
m,, (GeV)

Normalization of each component came from mj; fit of the previous slide. W+jets
shape in the above plot is derived from data sidebands. Efficiency applied.
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Arbitrary Unit

Improvement in W+jets shape from data
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Entries 336

Mean 3341+ 432
RMS 79.23 + 3.055
Underflow 0
Overflow 0
Integral 0.025
12 I ndf 13.01/ 11
Prob 0.2927
Constant -0.2773 + 0.3485
Slope -0.01511 + 0.00106

— _“____.__ ‘

_300 400 500 600 700

myj (GeV)

Still derive W+jets
shape from data

CMS

sidebands as before:

a . SBrLow + (1—-0a) . SBHigh

But, now parametrize this
shape (using an exponential)

to get smooth curve.

Uncertainty in the parameter
determines the shape syst.
Check coverage by assuming
extreme values of a: [0, 1].

Kalanand Mishra, Fermilab
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Events / GeV

Second example: another mass point

140

120

100

80

60

40

20

Muons, 2-jets category, My = 400 GeV

CMS Preliminary 2011, L = 4.7 fb'1,\f§ =7 TeV

CMS

CMS Preliminary 2011, L =4.7 fo'Ns = 7 TeV

WWWZ 351
x?/dof = 8.912/9 = 0.990 B W+jets 7 K
Il top ] 305
Visible peak from =(Z)fj?e?ts i -
EWK diboson o data 1 25F

i Signal region = 15

not included in fit 0

llllllllll

0
60 80 100 120 140 160 180 200 300 400 500 600 700

m; (GeV)
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Good description of data.

WW/WZ
B W+jets
il top
B QcD
I Z+jets

* data

m,; (GeV)
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Events / GeV

_ CMS
Third example: different channel/ mass point [é
Electrons, 2-jets category, My = 500 GeV

CMS Preliminary 2011,L = 4.7 fb'\Ns =7 Tev |CMS Prelliminary 2|O11 L= 4|.7 fb'\s |= 7 TeV
LA T L T T T T T T T T T T
250 ~ WWWzZ | - WW/WZ
| x?/dof = 10.807/9 = 1.201 B W+jets - _ B W+jets
- . I top i 50 N Il top
oo0~ Visible peak from mEaco | - =QCD
- : I Z+jets . . Z+jets
I [EWK dl:boson . dota - 40 * data
150 .
———— Good description of data.

100 244 | Signal region =

not included in fit
50

0
60 80 100 120 140 160 180 200 300 400 500 600 700
mjj (GeV) m|vjj (GeV)
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An example of other systematics: JEC/JER

» Compare to the (almost) pure top control sample: Use hadronic W from top

* Exactly four jets - two b-tagged and two anti-btagged events
* Use the anti-btagged jets to reconstruct the hadronic W
* Compare the fits of the sample vs MC

M—pul-h.:a" ITL di=21 .T" \;-nTw T3 oo 3 200 T —r - —
200" 3 3 ; 3
E e P 3 3 = Osta Fit Paramater O 180k MG Fit Parameter e
180':—# B 3 o 180F- “ Mean : 83198 1 0.T38 =) 3 l‘ Mean 277220196 J
160 E-“_»g‘;—:—: 4w 180F Sigma - 11138 £ 1.217 w  180F Sigrea - 10.5812 0532
E ™ I~ - - - =
1oE- == 38 W ¥ *E E
120 ——— § 120F * § 120 =
100¢ 1@ 100F i W 100 1 =
E 80F- { 3 ¥ s E
:gg— *’ ' i :35— .' '.N —E
-:- ’ * ‘ :_ . 'N. . _:'
20 # *o"o’u’h Wl 208 e, E
: 0: \J ht AL Er s vy ¢18 P8 Ayyq 1‘".:...':'1"A """ .

=0 1co 150 200 20 30C ] 0 100 180 200 250 300 o0 £ 100 150 200 250 300

Invariant Mass of Two Antl-biaged Jets [GeV] Invariant Mass of Two Anti-btaged Jets [GeV] Invariant Mass of Two Anti-btaged Jets [GeV)

¢ The difference in JES is propagated to our templates and makes a negligible
impact
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Statistics-only limit: muon 2-jets only
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Limit after full syst: muon 2-jets only
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Statistics-only limit: mu+ele 2-jets only
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[L|m|t after full syst: mu+ele 2-jets only
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CMS

Summary

A This time we do not want to miss the Moriond deadline. We
were stuck so far due to large systematic uncertainties. Focus
sharply on reducing the syst error.

e Optimized a simple likelihood for each My
e Use dijet mass (mj) to derive normalization as before
e Improved data-driven estimation of W+jets shape for mww

M Reduced syst = improved exclusion limits
e have preliminary result for muon channel 2-jets category
e work ongoing to complete analysis of other three categories

M Working on documentation in parallel

M Will reproduce all results using the agreed-upon PAT-tuples
with other groups, hopefully in a week’s time scale.
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