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The analysis

* Cadi
o http://cms.cern.ch/iCMS/analysisadmin/cadi?ancode=HIG-12-003

* Hypernews
o https://hypernews.cern.ch/HyperNews/CMS/get/HIG-12-003.html

* twiki
> https://twiki.cern.ch/twiki/bin/view/Main/TempW Wlvjj
* Analysis notes

- AN-2011/110, AN-2012/008, AN-2012/021, AN-
2012/024, AN-2012/029

* PAS
o http://cms.cern.ch/iCMS/analysisadmin/versions?analysis=HIG-12-003
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Outline

* Motivation, production and decay

* Dataset and simulation
* Pre-selection
* Two parallel and independent analyses

e Conservative fit-based ° Advanced MV A-based analysis
o MVA description and

analy51s optimization
o selection o analysis flow
: > backgrounds
- modeling . m, it
° systematiC errors - data driven W+jets shape
o limits ° systematic errors
o limits
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Higgs production
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Higgs decays

* H- WW - 8vjj does a lot

"~ 10 T T T T g ° .
2 L (5= 7Tev S\ : of heavy lifting.
b ;o largest BR x ¢ over most
M
x E QW - gD 3 of the mass range.
®) - .
. N > Using a W mass
1071E WW VIV NG constraint, the decay is
: .' 77 - I'TqQ sufficiently reconstructed
102k ‘ 27 ) T E to produce a mass peak.
: T | { ¢ Principal drawback is the
10° X “ T ] large W+jet background
- ‘x =TT =e, M S .
/WH = FVBb\ N\, v = VdV \t/) > We employ data-driven
[0 il WA d = uast techniques to understand
100 200 300 400 500

and control this process.
M, [GeV]
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Data samples

dataset name

run range

int. lumi

/SingleElectron/Run2011A-Mayl0ReReco-v1/AOD
/SingleMu/Run2011A-Mayl0OReReco-v1/AQOD

160404-153869

211 pbt

/SingleElectron/Run2011A-PromptReco-v4/AOD
/SingleMu/Run2011A-PromptReco-v4/A0D

165088-167/913

930 pb'?

/SingleElectron/Run2011A-05Aug2011-v1/AQOD
/SingleMu/Run2011A-05Aug2011-v1/AOD

170249-172619

368 pb!

/SingleElectron/Run2011A-PromptReco-v6/AOD
/SingleMu/Run2011A-PromptReco-v6/A0D

172620-173692

659 pb'l

/SingleElectron/Run2011B-PromptReco-v1/AOD
/SingleMu/Run2011B-PromptReco-v1/AOD

175832-180252

2512 pbt

 Certified “golden” JSON used
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MC samples

dataset name x-sec (pb) ecz%;ﬂ;m

/WJetsToLNu_ TuneZ2_ 7TeV-madgraph-tauola/Fallll-PU_S6_ START42 V14B-v1/AODSIM 31314 25

/DYJetsToLL TuneZ2 M-50 7TeV-madgraph-tauola/Fallll-PU S6 START42 V14B-v1/AODSIM 3048 11.3

/TTJets TuneZ2 7TeV-madgraph-tauola/Fallll-PU S6 START42 V14B-v1/AODSIM 163 22.7

/T _TuneZ2 s-channel 7TeV-powheg-tauola/Fallll-PU S6 START42 V14B-v1/AODSIM 3.19 81.5

/T TuneZ2 t-channel 7TeV-powheg-tauola/Fallll-PU S6 START42 V14B-v1/AODSIM 41.9 93.0

/T _TuneZ2 tW-channel-DR 7TeV-powheg-tauola/Fallll-PU S6 START42 V14B-v1/AODSIM 7.87 103

/Tbar TuneZ2 s-channel 7TeV-powheg-tauola/Fallll-PU S6 START42 V14B-v1/AODSIM 1.44 05.8

/Tbar TuneZ2 t-channel 7TeV-powheg-tauola/Fallll-PU S6 START42 V14B-v1/AODSIM 2.26 85.9

/Tbar TuneZ2 tW-channel-DR 7TeV-powheg-tauola/Fallll-PU S6 START42 V14B-v1/AODSIM 7.87 41.1

/WW_TuneZz2 7TeV pythia6 tauola/Fallll-PU S6 START42 V14B-v1/AODSIM 47.0 89.9

/WZ TuneZ2 7TeV pythia6 tauola/Fallll-PU S6 START42 V14B-v1/AODSIM 18.2 234

/GluGluToHTOWWToLNuQQ M-XXX 7TeV-powheg-pythia6/Fallll-PU S6 START42 V14B-v1/AODSIM

/GluGluToHToWWToTauNuQQ M-XXX 7TeV-powheg-pythia6/Fallll-PU S6 START42 V14B-v1/AODSIM dgpendson 2 lot

/VBF_HTOWWTOLNuQQ M-XXX_ 7TTeV-powheg-pythia6/Fallll-PU_S6 START42 V14B-v1/A0DsIM| Higgs mass

/VBF HToWWToTauNuQQ M-XXX 7TeV-powheg-pythia6/Fallll-PU S6 START42 V14B-v1/AODSIM

e All MC samples corrected for to account for different pile-up

conditions in data
> 3D pile-up re-weighting technique applied
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Trigger strategy

* Lepton as well as PFMT HLT efficiencies for electron events are
corrected to account for data/MC differences by means of “Tag
and Probe” with Z events

e Same technique is used to measure reconstruction/identification
scale factors

electron trigger paths

run range

HLT_EleZ7_CaloIdVT_CaloIsoT_TrkIdT_TrkIsoT_v*

160404-153869 (May10ReReco-v1)

HLT_Ele32_CaloIdVT_CaloIsoT_TrkIdT_TrkIsoT_v*

HLT Ele25 WP80 PFMT40 v*
HLT Ele27 WP80 PFMT50 v*

165088-167913 (PromptReco-v4)

HLT Ele32 WP70 PFMT50 v*

170249-172619 (05Aug2011-v1)

HLT Ele27 WP80 PFMT50 v*

172620-173629 (PromptReco-v6)

HLT Ele27 WP80 PFMT50 v*

muon trigger paths

175832-180252 (PromptReco-v1)

run range

HLT IsoMul7 v* OR HLT_Mu30_v*

160404-153869 (MaylOReReco-v1)

HLT_IsoMu17_v* OR HLT_Mu30_V*

165088-167913 (PromptReco-v4)

HLT IsoMul7 v* OR HLT IsoMu20 v* OR HLT IsoMu24 v*

170249-172619 (05Aug2011-v1)

HLT IsoMu20 v* OR HLT IsoMuZ4 etaZpl v*

172620-173692 (PromptReco-v6)

HLT IsoMuZ24 etaZ2pl v* OR HLT IsoMu30 etalpl v*
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Pre-selection cuts
* One isolated, high-p lepton

CMS Expafiine N kHC. CERN

““"E:.ﬂ'"? i o pr> 35 (25) GeV for electrons (muons)
mu\gn * High E;™s from 1 neutrino
o Emiss > 30 (25) GeV for electrons
(muons)

o mp(lepton+E,™Mss) > 50 GeV
* Two high pT jets with m;, ~ 80 GeV
o AKS5PFJets with CHS / FastJet corrections

g 25¢ 1 * o pr>30GeV, n<24
g 0zf 2 E o AR(jet-lepton) > 0.3
i ? Nextra—jets = 0’1
015 : * neutrino p, from m,, constraint
oAl 3 * We do a kinematic fit on lepton,E™sS,
: \ hadronic W to improve Higgs mass
0.05

m,, = 190 GeV - resolution and to remove the
- correlation between my,y from m;.

Ll Il | 11 1 . L
900 200 300 200 500 600 700 800 900
Invariant Mass of Ivjj [GeV]
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Control plots - mjj / myj / Ex™ss
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Control plots - lepton
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Fit-based Iimit
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The fit strategy

* Extract a limit on SM Higgs x-section just after common pre-
selections
o lots of events survive: ~20k (~30Kk) events in the electron (muon) channel
o the signal shape is modeled by fitting the MC shapes (double crystal ball)

o the background shape is modeled by a suitable analytic function
(attenuated power law)

* Limit extracted performing shape analysis on mijj spectrum

o data are fitted within the combination tool with a B+uS hypothesis to
calculate the test statistics

- only Higgs mass points within 250 and 600 GeV are considered
* Only few additional cuts applied on top of pre-selections to
enhance S/B:
o centrality cuts: |Niepton| < 1.5, |Njj| < 3., |Ang| < 1.5
o mrt > 50 GeV relaxed to 30 GeV for muons
° veto b-tags
o cut on had. W resonance: (65 < mjj <95) GeV
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Signal modeling

* Signal shape in the limit extraction is modeled with a smooth
function

> Gaussian core with two power laws to describe the leading/trailing
edge (double crystal-ball)

o fitted to the signal MC samples for each mass

|||||||||||||!||||!||||1||||!||||1||||

o T o A N ™ S L DL
b Y| SEas Rem—m—— BRSNS R AEnAE
> a—@l@CtI’ODQ > fmuons
) S
= ?_ggHAI'OO B < 1.s—ggH600
:; 6 : - ?} 1.4
— 5|— . = 1.2~
o °f © |
= =
41— —] [
- 0.8
3 ] -
- 0.6
21— — -
- _ | 0.4 _ |
3 #'simulation "+ E o2 ~ simulation
300 I25[5 - fli[l)[]ll I[I‘l;':l[l} I I‘:ﬂl)[l]l "'1;['} I Ii'l')[l)[)” '550' 600 200 I IS(E)UI I I400 - 500I - Iﬁéﬂl - I?OUI - IBOO
m; (GeV/c?) m,; (GeV/c?)
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Background modeling

* An empirical attenuated power law shape is used to
model the background 7= ! . (500 + G)

1 +e—(x—u)/”r xr -+ a
° U, T, a and n determined from data

CMS prellmmary [z dt - 5.0 fb1 r = 7 TeV. CMS preliminary [Ldt=5.0fb" r = 7 TeV

> o T T > FT T T =

[0} 1 @ n

g 2200 e data ] g 3500 e data T

2 L00fi €lectrons o 2 ¥ muons T

— » —background fit o K — background fit

%] - n %] B B
gt Hesox20 4 € % . H(250)x20

i . ® teoo—y H@50)x20 o ® R T — H(350)x20
fit range: - @0)x20 3 8 pup0f @50)x20
2 w4 L H(500)x20 - -y H (500) x 20 .

180-800 GeV/cs 1z 4 20000 =
1000 - - .

800 4 C .

b|n Slze: 600 — 1000{— —
5 GeV/c? 00 ER: :
- e ] 500— -]

200~ E": ] C 7

—~ Ly <~ gt g s et cshponesed

© 4FT ; =0 4FT I |+ \ \ | =

= gj $¥+ &1+ 4 +' bbb #ﬂ“ et b ot = g+‘_ &+ Sutid 4 4 M++6 ++u. $ e RIE lﬁ
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Systematics uncertainties

background model choice(*) 2-40%
Inclusive cross-section 15-20%
gluon-fusion higgs line shape 10-30%
acceptance uncertainty due to pdfs 1-2%
luminosity 2.2%
jet energy scale and Et™ss 2-3%
lepton efficiencies 1-2%
lepton trigger efficiencies <1%
pile-up <1%
PFMHT trigger efficiency (electron channel) 1-2%
b-tagging <1%

(*) more on following slide
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* We need to determine the  r,

T lfe G/t

11 o=@/~

systematic uncertainty
related to choice of the FB, alt =
background shape
FB, alt —
* Our study:

o We have a set of functions that
describe the MC equally well.

o We consider the differences with
respect to the nominal functional
form as the uncertainty on our
choice.

* The background uncertainty is
converted into an uncertainty
on the signal.
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14+ e (z—p)/7 ' (

(

3 2
] (6033 +bx -I-CCC)

500 + a

T+ a

e—)\lcc + N2€—>\2:L’)

electrons muons
My unc. unc.
250 13% 3.0%
300 17% 4.2%
350 14% 2.6%
400 4.5% 4.6%
450 4.3% 3.2%
500 14% 2.1%
550 24% 10%
600 38% 18%




The limit

=
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3 CMS preliminary [Ldt=5.0fb" {s=7TeV
L||||||||||||| ||||||||||||||||||||||| |||||||||
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@ ------- 95% C.L. Expected Limit

[ +1o0 Expected Limit 7T
[ ] +20 Expected Limit

=

cov s v b b b b b b vy b g |
950 200 250 300 350 400 450 500 550 600
. M,, (GeV)
* Expected exclusion: none
* Observed exclusion: 325 — 400 GeV
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MVA analysis
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Strategy

e (Goals

- Improve the sensitivity by significantly reducing the
background and its inherent uncertainty.

- Extend the mass reach of the analysis down as close to
the kinematic edge as possible.

* We exploit the kinematic information in the event to
discriminate against W+jets production.
- Use TMVA package to build a likelihood discriminator

> A separate discriminator for each of 12 mass points x 2
lepton flavors X 2 jet bins = 48 discriminators
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* The Higgs production and
decay kinematics are

described by {myy, m, 0,,

2 May 2012 WGM - J. Anderson

92’ 9*, d)’ d)l} g_ Z'

° My 1S used to set the limit.

° my is used to normalize the 7\7\7_

béckgrounds. | p X»L O* 6, i 7
We include the lepton sign as oWt p 'y
the background is charge q D,
asymmetric. / ol
y 0, q/

We include p(WW) and yyny
for additional discrimination.

All variables have negligibly
small correlations.



MVA Inputs (muons)
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MVA output

muon, 2-jet, my = 190 GeV
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MVA cut optimization

e We select the MV A cut

value based on running the

. o © L
machinery and using the £ 1.64;
expected limit. g 162

© 16F

Once the optimal cut is

selected for each of the 48 12:
analysis points they canbe |

combined using the

package.

1.52F
standard Higgs combination .}

WGM - J. Anderson

muon, 2-jets, my = 350 GeV

full asymptotic limit setting £ 1.66

II|IIII|II
0.3 04 05 06 07 08
MVA cut



Additional high mass cut

e In addition to the MV A cut

we look at separating gluon-

initiated jets from quark-
initiated jets using a quark-
gluon likelihood
discriminator.

* Here again we optimize this
cut based on the final
expected limit.

We don’t find this cut to be

advantageous for Higgs

masses below 500 GeV.

M=450el2jet

expected limit

D IEE g gt g by e g

i 1QEMMJMmmmemmemL”me:

| M=500,212jet -

(1] 0.1 0.2 0.3 0.4 05

: .bj.waét.bi.1d4.rhé

M=450,muZjet
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Ay EBEJ
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Fitting and limit setting

* The analysis has two major parts
> Fit to the m;; spectrum to determine the backgrounds
o limit setting from my,,, spectrum optimized /- MVA  Signal Mc

d e
MVA Cuts | 17@ining / | Training

Templates Templates

Optimi- | Samples
[MC 58'119'&5] Ntuple Tree zation
: Wadets MC
, mj; Unoptimized Training
Templates my,; templates Samples
| Tvif
|
Background Construct
| ...\ Background ¥
| E—bzdylﬂe_t—Jet) component 4-body ()
| nalysis yields
Data Samples : Optimized m,
Data | templates
QcD
Events | i QCD m,,
|
|
|
|

Selection

Selection ! Analysis
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The fit procedure

* We determine the CMS Preliminary, /L dt = 5.01".\/s = 7 Tev

>
background compositionin § | wwr=saoms e
a 1D, unbinned, maximum > 200, I top ‘
. . . .. i) - QCD N
likelihood fit to the di-jet S Ziiets
Invariant mass spectrum. o * data

* The background shapes are
taken from: 100

o MC for all minor
backgrounds (not for W+jets

and QCD) .
O o 50 100 150 200
data-driven approach for m; (GeV)

QCD (next slides)

o analytic description or MC
for W+jets (following slides)
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* The background yields in the fit are:

o Constrained to the best MC cross-section including error
for all minor backgrounds.

> QCD constrained from the data.

o W+jets is unconstrained.

Process Shape  External constraint on normalization

Wijets MC/data Unconstrained

Diboson MC Constrained: (NLO) 61.2 pb + 10% [47]

tt MC Constrained: (NLO) 163 pb &+ 7% [48]

Single top MC Constrained: (NNLQ) [49-51] £+ 5%

Drell-Yan+jets MC Constrained: (NLO, m;; > 50 GeV) 3048 pb + 4.3% [47]
Multijet data Constrained: Ht fit in data 4 50% (100%) for electron (muon)
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* We derive the QCD shape ¢ The shape is also taken

and normalization from the from this data as the MC is
data. statistics starved.

o invert the isolation

requirements — _
ta Driven Vs MC QCD : Muans - 2Jet Bin |
o relax ID requirements g —we
8 0.4 — Data

o relax the MET cut ‘Eu.ss
We can fit the MET Fosg |
distribution in data to get 5. 4%

the normalization of the

QCD contribution after a1 %JL;
accounting for differences oo + N
due to the MET cut. 0530 20 50 ~s0 70 80 80 300 1O 120

event_met pfmet

o —

2 May 2012 WGM - J. Anderson 33




QCD Et™ss fit results

E 7000 E 2‘200—; I:I Tarnplate Pradiction
S 6000- g 2000 " QCD fractions in data
H snnn—; & 1500_ oum
4unn—; 1 :E: 1 2 jets 3 jets
3000 p 1000 pn electron 6.2 +0.4%) 2.1 40.7%
2000~ oo muon 0.2 H0.4%) 0.0 H0.4%
muons - 2] 200 muons - 3j
1000 ]
] 200
0] 0-

T 1 T 1 T+ NS RERA SRR T 1]
20 40 60 80 100120 140 160 180 200 220 20 40 60 B0 100 120 140 160 180 200 220

(a) MET (b) MET statistical fit errors
only!

%1000 o] o [ remieertesn
% e gi e Uncertainty on QCD
@ 50001~ - Owa @ 1400 | om
1200 normalization
] wiindof = 1.70 1000 yiindof = 2.02
- 2 jets 3 jets
o _* electrons - 2j 400 electrons - 3j electron 50% 50%
i Rl 200 muon >100% >100%
"% % 80 8 'i(ug)ﬁéﬁ T30 100 100 z{I:th?rzn "2 4 0 % '1'(63')1-":& 140 160 180 z&thszu
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W+jets background

* The W+jets process is the
dominant background.

* Formy <180 GeV, MC is
used as the shape template,
because statistics in this
case are plentiful.

* For higher masses MC

statistics are much lower so

we take an analytic
approach.

2 May 2012

flOW mass

WGM - J. Anderson

* The shapes are inspired by
MC but ultimately the
parameters of the functions
are determined from the fit
to the data.

FWjets = erf(my;;mo, o)

« (mjj)—a—mn(mjj/@]

flow mass

Wjets, 2-jets — erf(mjj; mo, O)
X (mjj)_a X €mjjT
—a—pBIn(m;;/v/s)

mjj’r

Wjets, 3-jets — (mjj)
X e



* We exclude the region
from 65 — 95 GeV
excluded from the fit.

* We see good agreement
between the fitted
composition and the data.

* The normalizations are
extrapolated into the signal
region of the fit and passed
to the next stage for limit
setting.
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Additional m; examples

muon, 2-jets, my = 190 GeV
CMS Prellmlnary /L dt=5. Ofb s =7TeV

> =
8 600 — x?/dof = 13.994/8 - w\_'/_\J/Q:\S/Z — 8 1 50__ x2/dof = 6.815/8

— I Il top ~
% , , e elol % . |
B | go® | Z+jets i |
g 4001 | e data n g 100 |
LLI I LL] i I
| |
- o .
200 = 50 I

0 —— T 0
50 100 150 200 50 100
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m; (GeV)
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muon, 2-jets, my = 500 GeV
CMS Prellmlnary /L dt=5. Ofb \s =7TeV

WW/WZ —
B W+jets
I top
i QcCD
Z+jets
* data

150 200
m; (GeV)
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Limit setting with the fvjj spectrum

* The fit to the m;; spectrum determines the relative
normalization of the backgrounds.

* The background components are stacked up and
compared with the data with the additional selection
(65 <m;; <95) GeV.

* The shapes of the minor backgrounds are taken from
MC.

o Again, QCD is taken from the data-driven sample.
> The W+jets shape is constructed from the m;; sidebands.
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The lvj) W+jets shape

* We use the background-subtracted sidebands to derive a
data driven W+jets shape.
o separate « for each of the 48 channels
o o determined from MC
o uncertainty on alpha from MC used as systematic error.

fgjﬂ;jets — (1 — Oé)/]:1s]3 + aF1.sB

CMS Preliminary, /L dt = 5.0fb”" \/s = 7 TeV
C | T T T T [ T T T T [ T T T T

> 1 ™ SARRARRRNRRAES = | T r AL LA E
R Wz | g7 seamgenusss {7 $ =

(D | < I High Sideband : Mjj [95, 200] r :
~ . - Besto = 0.28 @ »*/NDF =1.116 - ¢ u
n 200 . MC Syst. range o [0.14, 0.41] 1 L 1.6 - ; g
c . . 1 0O - : ]
O simulation { Z 15} J :
Lﬁ E — C | ]
1 % 1.4 :, -

{1 2 ¢t
1 @ 1.3F =
i - C ]
E D2k =
: . 1.4F simulation 1
:||||||||||||||| |||||||| - ] E R AT FRRNE AN Tl AR P
0 800 350 400 450 500 550 600 650 700 750 0 0.1020.304050.60.70.809 1
Invariant Mass of Mlvjj [GeV] Alpha Scan
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The fvjj W+jets shape (ll)

* The background-subtracted, alpha-combined sideband |
shape from data is smoothed using an exponential

function.

o The statistical uncertainty of the smoothing is combined with
the uncertainty due to a and used as a systematic error.

> The dotted lines are the total shape systematic envelope.

CMS preliminary, /L dt=5.0fb™ \s = 7 TeV 0. €SMS preliminary, JLdt=5.0fb"\s=7TeV
T I T T T ‘ T T T ‘ T - T T T T ‘ T T T T ‘ T T T T ‘ T T T T I T T T

normalized units
o
T N T « g

muon, 2-jet
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0.1 - i
- muon, 2-jet
" my, = 190 GeV _
TR S SRS (NN SR SN S T ST SN S (S I @ ' ST T Y S NN ST N S Aot o, e = SR Wl P URTEIPY
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Final distributions
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Signal systematic uncertainties _

 The likelihood selection

Source uncertainty
Signal cross-section 15 —-20% evaluated USng d pure top

Likelihood selection

Luminosity

Jet energy scale, resolution
and MET

Theory (PDF5s)
Lepton trigger efficiency
Lepton selection efficiency

Pile-up

7% (13% for 500 sample as the difference

2 May 2012

GeV and up)
between data and MC.
2.2%
9 900F
<1% S goof
. 2 700
1-2% 5 snn:
1% 500F
.
<1% 200
100
% 0.10203040506070809 1

mvazj350mu
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The final limit

* expected exclusion: 330 — 440 GeV
* observed exclusion: 320 — 420 GeV

8 CMS prellmlnary [Ldt=5.0fb" \s =7 TeV
% - — 95% C.L. Observed Limit | e
o Y VS 95% C.L. Expected Limit N
s [fum PAS e [ +1o0 Expected Limit T =
9 - [ ] +20 Expected Limit _
> 6 e ]
O — .
P4 - _
) - -
@) - ]

l;H..I....I....I....I....I....I....I....I....I
950 200 250 300 350 400 450 500 550 600
M, (GeV)
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Conclusions

* We have set a world leading limit in H - WW - dvjj
decays.

> We exclude the Standard Model Higgs boson in the mass
range 320 — 420 GeV.

- We employ data driven estimates for our principal
background.

o The fit-based analysis provides a basic robust limit.

o 'We have used a multivariate discriminator to control the
backgrounds and improve sensitivity.

o The general features of both analyses mutually reinforce their
conclusions.

> We are poised to take advantage of the added statistics in
2012 to increase the mass reach of this important analysis.
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MVA correlations

Correlation Matrix (signal)

Linear correlation coefficients in % 1 0 0

Phi2
. 80
Phi
—160
costhetaS
—40
costheta2
—20
costheta?
=0
J2QGL
—-20
J1QGL
-40
LepCharge
-60
Wiy
-80
Wi pt
-10(
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g/g likelihood
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g/g likelihood data / MC

CMS preliminary jL dt = 5.0 fo” Vs =T TeV CMS preliminary jL dt = 5.0 fb" Vs =T TeV
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Initial and final yields

2 May 2012

muon, 2-jets, my = 350

Parameter Initial

Final

nDiboson  269.99
nQCD 17.258
nSingleTop 200.77
nTTbar 908.48
nWjets 10282
nZjets 304.96

269.93 +/- 9.18
16.769 +/- 44.6
200.82 +/- 10
908.81 +/- 63.5
8828.5 +/- 167
305.01 +/- 13.1
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Fit vs. MVA
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No systematic limit

Gexcluded / GSM

1

2 May 2012
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Gexcluded / GSM

1

2 May 2012
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all systematic limit
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