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Analysis management C

New analysis, first time approval
e ARC

Amit Lath (chair)

Jacobo Konigsberg
Lars Sonnenschein
Maksym Titov

Twiki CMS/HiggsBBbb
» Q&A

AN AN-11-428
PAS HIG-12-027
HN HIG-12-027
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https://twiki.cern.ch/twiki/bin/view/CMS/HiggsBBbb
https://twiki.cern.ch/twiki/bin/view/CMS/HiggsBBbb#ARC_Q_A
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a Intro: motivations

@ Search for Neutral SUSY Higgs,
H — bb;
o Large BR(H — bb) ~90% [
@ huge multijet QCD background:
» Use associate production to reject
hadronic background
pp — bbH — bbbb
Large o for large tan 8
A/H/h degeneration increases o
e.g. opm=120 X BR = 250 pb for
tan 8 = 30 10
@ Compete with H — 77 channel: 10 .
> larger yield, 00 150 200 250 300 MA[SS\O/]
» larger background (QCD),
» different channel.
Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012 4 /88
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a INFN
Analysis Strategy C

@ 4 b final state: H — bb plus additional associated b's
o trigger is critical:

» Use semi-leptonic (muon) b decay for trigger: muon+jets+b-tagging
@ Major irreducible background source is multijet QCD

@ Data driven background estimate from bbj sample
» define signal-poor control sample;
» B-tagging Matrix method:
* get b/c-fraction of 3rd jet from mass & lifetime fits
* combine with MC b-tagging efficiency to derive B-tag probability
* weight bbj events to estimate number of 3-b-tags in signal region
» Second approach with nearest-neighbour method (hyperball)
* start from bjj

@ Use reconstructed mass of leading jet pair as signal-sensitive variable
in final fit

@ Use only 2011 data: 4.8 fb~!
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@ Use semi-leptonic b decay for trigger: muon + jets + b-tagging

My = 120,GeV

. x10° . 10° -
S gop T T g T T 1 TaigofET T
> CMSsimulation 2011 § 30 CcMSsimulation 2011 ] 3 CMssimulation 2011 J
S 7 VE=7Tev 3 ® VE=7Tev o 1698 s =7Tey E
2 60 J'Ldn:asom‘ E . Jun:asoﬂ;‘ 2 1405 ILmzasom’

§ § _H

g

3

20 40 60 80 100 120 140 160 180 200 2 4
GEN quark p, [GeV/c]

4
GEN quark n

Use different trigger Path in 2011 to cope with increasing £

Col I T
0 5 10 15 20 25 30 35 40 45 50

GEN muon p, [GeV/c]

HLT paths runs triggers | [ Ldt [pb~ ]
Mul2 CentralJet30-BtagIP 163738-165633 3027717 180.9
Mu12 DiCentralJet30_BtagIP3D 165970-166967 4532555 537.1
Mu12_DiCentralJet20_DiBtagIP3DistTrack 167039-173198 2244550 1108.6
Mul2_eta2pi DiCentrallet20-DiBtagIP3DistTrack 173236-176469 1237147 652.2
Mu12_eta2pl DiCentrallet20 DiBtagIP3DistTrack* | 176545-180252 5690304 2326.8
All 16732273 4805.7

Lacaprara S. (INFN Padova)
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H — bb Signal selection samples

Run2011A
Run2011A
Run2011A
Run2011A
Run2011B

/MuHad/Run2011A-May10ReReco-v1/AOD
/MuHad/Run2011A-PromptReco-v4/AOD
/MuHad/Run2011A-05Aug2011-v1/AOD
/MuHad/Run2011A-PromptReco-v6/AOD
/MuHad/Run2011B-PromptReco-v1/AOD

Trigger efficiency samples

Run2011A
Run2011A
Run2011A
Run2011A
Run2011B

/SingleMu/Run2011A-May10ReReco-v1/AOD
/SingleMu/Run2011A-PromptReco-v4/AOD
/SingleMu/Run2011A-05Aug2011-v1/AOD
/SingleMu/Run2011A-PromptReco-v6/AOD
/SingleMu/Run2011B-PromptReco-v1/AOD

Table: Summary of data samples used in this analysis
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Q Analysis selection C
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Selections

Baseline selections:
o Trigger
@ Standard event cleaning filters
» Scraping filter, good primary vertex filter, HBHE noise Filter
@ at least 1 global muon P‘TL > 15 GeV/, no isolation required;

@ at least 3 jets (PFakb, Looseld) |n| < 2.6, P+ > (30,30,20) GeV
» ARj > 1 for any pair j of jets
» the u inside one of the two leading jets;

bjj the first jet must have b-tag CSV > 0.8
bbj the second jet must have b-tag CSV > 0.8
bbb last selection: third jet b-tag CSV > 0.7

@ Processed with CMSSW _ 4 2 X

Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012
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Q Data reduction

Sensitivity

Summary Backup

Table: Data reduction after each selection cut.

Cut ‘ Events

All | 16732273

plh > 15GeV/c | 9739139

Hjets >=3 | 4511327

AR; >=1| 3505584

CSV/(1° — jet) > 0.8 | 1932135

CSV(2" — jet) > 0.8 | 813685

PAS pin 1t or 279 jet 785940
CSV(3 — jet) > 0.7 60195

[ Ldt [pb~1] 4805.7

Lacaprara S. (INFN Padova) Hbb
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QTrigger Efficiency vs Analysis

T ,
40 60 B0 100120 140160 180 200
RECO jetl p_[GeV/c]

® Errigger = €(11) X €(hadr) EF -] e

@ SingleMu PD, select all events passing a b i
single muon path. *t / HLT_Mul2_DiCeitralJet30_ BTagIP3D ]

[ - RECO il p, evic] o RECo jetdp, Gevic]

@ Apply selection

@ Build Turn on curves vs first and second &
B-jets Pt: & 1o
__ Hbb path & sel & SingleMuHLT = e
€= sel & SingleMuHLT -
2o —
@ Turn-on stable wrt SingleMu threshold B R R RCTEETErEp e

RECO jetl p, [GeV/c]

@ shown for single and double online b-tag 7 £
paths ] W
HET_Mul2_DiCentralJét20._| DiBTagIP3DlstTrack

T - e e RECO e p (Gevie]

" RECo i1 p, 1Cevid]
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Q M “leg": e(p) [
cMS private 2011

T T g
HUT_Me =

..UM 0.8} {

= o.ef E

E 0.4:— J

E oo 3

[e.
L - N S S S C’ = L L L L (-
10 20 30 40 50 60 70 [e} 20 40 80 100

80 90 60
RECO u p, [GeV/c] RECO p p [GeV/c]

@ consider HLT Mul2 path

e Computed on data using lower (pre-scaled) singleMu trigger path

@ as a function of reconstructed muon pr

e for p; > 15 already in plateau = 99%.

Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012 11 /88
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QTrigger paths vs Analysis

Histograms with errorbars

i Convaeo Brag
Second et Pt before cuts —————  Mul2 DiCentrallet30_BTagiP3D

T usa icenvateno biTagpapisirack
0.025 —————— Mul2 eta2p1 DiCentralJet20_DiBTagIP3D1stTrack

2 Centalietio_BTagie
Muz2_OiCentralJer30_BTsgiPa0
Mtz DiCenralet20_ DiETagIPaDstTack

2 et DCeniata DTGk
002
0015~
oo
0,005~
[
A I
300 350 400 450 500
M2 Contatinso_BTagie 2 Convaen aTag
Second jet Ptafter cuts | L eoro T sz ocenmasao eTagea
W12 DiCenaez0 DETagPaDASTack T sz oicenrato biaTagRapistTack
W12 ooz} DiCentalit20 DIETagPaDIstTack 0.02) iz ety DiCaniaa2) DTS Tsck
003
0,025
E 001
0.02 L
E 001
0015 F
0.01—
0.005~
E 3 T 1 T
B T PO P TR TR Tt i
020 50 100 150 200 250 300 350 400 450 500
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a Principal background (from MC) C

Two leading b-jets invariant mass:

Table: Events passing all analysis cuts NI S o2 (L) E————LLAL
for MC simulated background samples. 1005 . DJ“"”'““""
The quoted errors are statistical only. F i

Process ‘ events o =

Multijet QCD | 720434747 101 T

tt + jets 303+5.8 ;

Z — bb 540470 e

77 BASI 1.84+0.07

wz 0.4440.05 0

WW 0.03+0.03 0 50 100 150 200 250 300 350 400 450 500

Minv01_bbb_sgn

Background is QCD, plus other at O(1%) level or lower

Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012 13 / 88
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Discriminator: Low Mass My < 200 GeV C

Define a control region using a likelihood ratio discriminator using the
most dlscrlmlnatlng variables (depends on M)

Likelihood ratio

M p(stgnal)( )

Dlscr (stgnal)( )+|—| p QCD)(X,')

Training My = 120,130, 140
Used for test up to My < 200

Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012 14 / 88
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Discr

000000000 00®OO0 0000000
a i i i ’NFN
Discriminator C
CM S simulation 2011 Ns=7TeV
L AN IANA VA Raanaaanan AR AR AR
0'03 Control Region Signa |5~A~S~ E
—QcD ]
00 — Hsusy E
s E - 0025 M,=120 GeV/c® =
s E — ti+jets B
B QCD 3 0.0zt —— Z->bb Bl
. — SUSYHy, 3 H B
SUSY H,) E 0.015]]
3 E =
25 — SUSY Hy, ‘LE 0.01—
2g i 0.005(%
15 =| !
3 =S ok P I T A D Ve SRR DO
4 E| % 0.1

Discr

All distributions are normalized to unity.
In the analysis, the QCD is the largest
background by far, and tt and Z — bb are
expected to be small, as shown in Table 3.

Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012 15 / 88
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Q Discriminator: High Mass My > 200 GeV C

Likelihood ratio

n _pgsignal)(x,-)

DfSCr = nipI(SIgnal)l()(ll.)_i_nl-pI(QCD)(Xi)
Training My = 250, 300, 350
Used for test from My > 250

> Qcp g
SUSY H,, E

20
SUSY H,.o :
- — SUSY Hye, E
10 f
°H E
= =
| %! . . , 2
% 0.2 0.4 0.6 0.8 1

Discr
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Background determination: b-tag parametrization -

rd ;
@ Build B-tagging probability matrices PE_J;;(. ..) in control region for

third jet, as a function of 3" jet and event parameters;

3 jet
Pb,{»ag('--):eb'fb+ec'fc+el'1_fb_fc
» b-tagging efficiencies ¢’s from MC « = c(Er, |n], Ny

» flavour fractions fb7c7/ from Data parametrization see next slides

o Estimate any bbb distribution F(x; bbb) for variable x in signal
region starting from same distribution for bby;

F(x; bbb) = F(x; bbj) @ P (..

b—tag

Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012 17 / 88
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)
g Heavy quark fraction N

Consider Mass@Vertex and JetBProbability for third jet;

@ build distribution templates from MC QCD, for B, C and Light;
o fit third jet distributions using templates and get Fp ;
» use only JetBProbabilty if Mass@Vertex not available.

0.065 + 0.00¢
CMS preliminary 2011 . Y 2CMSprd\minary 2011 CMS preliminary 2011 E 0.175+ 0,02
2 F 0.168:0.063 | £1¢ = [, = 0.760+0.037)
3 s0l —e— Data (536 events) —— Data (536 events) —— Data (7753 event:
L \5=7TeV \5=7TeV \5=7TeV
pa ILdt:ASf ILd(:A.E!b" ILd(:A.E!b"

“ w/ Vix

20

w/o Vix

LR
SULANI MR SNVIOR Lokt st
ki okt st
50}
05 1 15 2 25 3 35 4 45 1 2 4 5 6 7 1 2 3 4 5 6 7
Secondary Vertex Mass [GeV] JetBProbability (with SVix) JetBProbability (no SVtx)

Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012 18 / 88
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g . o 0 NN INFN
a Fg parametrization & fit results in MC .

Fg = Fg.c (E(Tj?'), !7703)\) % Fo.c (AR ARLL)

. . AR,
assuming no correlation. Second factor only for shape.

(Er,In))j

Fs

200
0 50 60" | @)
30 v

36 4b 50 60 70 50 50100 200 O

Overall bias for F, around ~ +6%
Fg (ARkjs, AR; )

True FB

Lacaprara S. (INFN Padova)
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Fs Fit results Data (control region) C

for Data, fit separately single B-tag and double B-Tag HLT paths.
Fg (E(va }77(1'3)‘)

0 GeV)
13
30 40 506 € (©

10°

Enhancement of b in third jets, due to the online double b-tag trigger, is
clearly visible.

Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012 20 / 88
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M; prediction vs bbb in MC and Data NN
in control and signal region: Low Mass (My < 200) susy My = 120 GeV (%

> | ES S Ane REAE AR RATES ReR s AR RN ReRRS: > F T
(O S E o F ]
o - P - o F =
= : E p=] F ]
= - > F 3
S = D o =
He | ]
b ‘; = “E =
12 ” T L2 PSEESTETEA =‘1.113~+ o 200 10 5 D
11 - 1o prer e g B LRI g o
o ER ;
o8 [Geu\/] o8 T 0 o o400 Moo [ E’OV]
Control reglon 2 Signal region 2
3 . . 3 —
= ] ...CMSprelii 4 S et i o Data -
g 3 s i —Backgound 3
@ = o M susy E
= 1500 3 (tanp=30) ]
El: T
ERS; N
‘. Ep= G LT S SIS
2 "ES'é"n’/P'r’éﬁ) *;.)B/QL*-_L)I;U/ . : R - o ard
1; F i aacada o add VLil L0 UL ol M ﬁ4+ T ¢ T
) s FRBILAIE macont AT T
My, [GeV] My, [GeV]

Background prediction is shown normalized to data: scale factor shown
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Third jet B-tag probability: Data C
3 —
o . S : :
S ™y B,
@ e @susy

AN AL L e

(tan=30)

b bbb i

TO00

: sPTem = :
1 24 £ vv,' +- #Yf{"r * * 4 +
Kollgogorov test= 0.771 | ' t 1 Kolnibgorov test= 0.013 | :
o5 o200 ot ot M [GGD\/] e o0 Bl ™M D[GE V]

12 12

= (;optrol reglon =, Slgngl reglon

(&} (&}

S =

S S

3

— Probability,

ot Y Y Y Y Y [ Y PR O O,

L L L L L L L
100 150 200 250 300 350 400

Lacaprara S. (INFN Padova)

‘ E
450 5

M,, [GeV]

0

H

bb

L L L L L L L L
56 100 150 200 250 300 850 400 450 0

M,; [GeV]
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Discriminator prediction vs bbb in MC and Data
in control and signal region: Low Mass (My < 200) susy My = 120 GeV

=
-
=)

-

® Data

Lo b

©*—Backgound

i...@@susy

(tanp=30)

\H;H\;H\c\\\ H\;H\I

+2 " [SEEHTPTE) = 105

I
fe]

Discriminatc

Signal uregioh

Control reglon

........... T

CMSprehmmary 20:I_'I. 7

s000]

4000|

2000]

2000]

1000

AR E

12 7
11

¢ LA RAARN R
21 : .

=% R A
3

@:

0.9
0.8

T

R
0lmogoroy ..
BTt s s
Discriminator Discriminatc

Prediction stable wrt discriminator other variables in backup
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M prediction vs bbb in MC and Data NN
in control and signal region: High Mass (M > 200) susy My = 250 GeV C
> >
> o > e s A
g - g . H A
S ~F E =
g o -
E = - Ve
n E n T E
” Sl M [G:OV] ” I I M[G: V]
12 12
S Control reglon - S Slgnal reglon o
O oo O o ® Data =
o o I =
= =00 o 000 -+ —Backgound —
3 o B .ofF @@susy =
E (tanp=30) 7
< “F g
g - =
o LE E
12 ) 12 "ES'eé'n/Preu "EDB892% 1‘
o L o Eal AL
My, [GeV] T My, [GeV]

For Data (control region) shape fine, normalization ~ 0.89%
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Data: M;; prediction for different HLT paths N
in control region: Low Mass (M < 200) (%
d_éi-‘r‘a'!J et20 DIBTagiPaD1s i;‘rr acH

MinvOol B
Gontrol tegion Data

Mul?iD\denl*a!J et30_BTaglP3d

g
AR AR LA AR M b

™

etagp 1 DiCentralietz0, DIB TagiPab]s
: Minv01l B B
- Gotral feginn Data ]

=
c
=
B
e

AN LAY LR LR Ra

Shape fine for all HLT paths
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Hyper Ball ,N:,?

é Second approach, independent background estimation. C
General idea

@ Start from bjj sample, control region;

o For each event in (bjj)cr select a set of similar events (O(100) from
a large training sample (500 000)

e Compute the fraction f of these events passing full selection (bbb)
(weighted with distance);

@ similarity is defined by distance between events in hyperspace
D2 = 27 (le (X,‘ — y,'))2 (hence the name)

» with x;, y; jets or event variables (pr, 1, Agj, ...): total of 14
variables used:;

» w; weight to account for different variable values and for variability of
fvs a given variable;

> subtleties: w; tuning, which variables to consider, how many events in
training sample, events near the boundary of variables domain, ...

F(x; bbb) = F(x; bjj) ® f

Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012 26 / 88
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Hyper Ball: resul CD MC -
yper Ball: results on Q INFN
Closure test C-
§ C'Control region § E . MC.Signal-region. ...
H Low ¥y E Fosof &I Low- By 3
—bii"P 3§ —bjj*P, 3
i ® E 4 1 =
- bbb - E - bbb 3
12 0 ! E
E 3 .Y E
12
i @‘gﬁ%ﬁr&j =UORTOOR ;|
1 E Rl 4 € S YN L (S
0n E I SN i1 (i
MC - control region MC - signal region
C.Control regior E § E l C.Signal.region..... 4
High M, 3 EN Hi . High M E
—bji*P_ . q w P _bjj*P__.J
HB 31 0 E !hh HB
L - bbb E ‘25 g 4§} - bbb E
N E 3 d E
Hag ER = E Tt E
it 1.9 % T et
=TQ2H9 1T 12 " rSEERTPre 1W
JASTAE 1% M L 1 i
CEMILE S A ) E R
os K 0.990 MIE| o0s
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Q Hyper Ball: results on Data: Control region

i F T T T T T T T T T . a F T T T
1600 p --Data Gontrot-region = & F : Data Control reglon :
g r LOWMo D ] 4000~ 2 H hM
m1400; "'LO‘W' i '_b”*pHB . m3500§' Ig ) b”*p
12001 - bbb = s000f— . * bbb
1000f =+ +++ieefederneedhonen@lunee b . E
F CMSpreliminary 2011 2500
800; Ns=7TeV zoooé-
soof= ILdt—48fb1 1s00f—
aoo? """"" e moog-
200~ = s00f—
E AN . E
12 FSg eanred) = 1 00%F & Ol T 2 enIPred) = 0 9% &
11 EARRRS ¥ 0 e 11
R KA e M 4 : . Ceaiiud lfl
N LA MU ] () KN
09 |- 1 09 |-
08 08 =K_.9 Ao
400 450 500 400 450 500
M, [GeV] My, [GeV]

Good closure for control region both in low and high mass range
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B-Matrix vs HyperBall C
HyperBal
@ starts from bby; @ start from bjj;
o Efficiency and b,c o Fully data driven: MC
templates from MC. F, . only as a closure test;

from data fit; @ 14 variables used, no

@ Control region is used to binning issues;
fit Fp.c; e Control region is training
@ Binned parametrization sample: look at which
with 4 parameters; events pass bbb selection;

Use B-Matrix prediction as a baseline, and
Hyperball only to study systematics
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B-Matrix vs HyperBall C
Hyperal
@ starts from bby; @ start from bjj;
o Efficiency and b,c o Fully data driven: MC
templates from MC. F, ¢ only as a closure test;

from data fit; @ 14 variables used, no

@ Control region is used to binning issues;
fit Fp.c; @ Control region is training
@ Binned parametrization sample: look at which
with 4 parameters; events pass bbb selection;

(As gently suggested during pre-approval)

Use B-Matrix prediction as a baseline, and
Hyperball only to study systematics

Lacaprara S. (INFN Padova) Hbb
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Comparison of B-Matrix and HB prediction INFN
In signal region C
Low Mass My < 200 GeV High Mass My > 200 GeV
% 3000F e  B-tag Matrix with syst 3 = AR R R e B-tag Matrix with syst
g £ Prediction with B-tag Matrix g 1200 ion with B-tag Matrix
3 2500; Jﬂ'L Pred\c(mnwlmHyperBaH: 3 F . Prediction with Hyper8all
ZUOU: | CMSpreliminary 2011 : F i} CMSpreliminary 2011
E r i Vs=7Tev ] F J o VS=TTev
1500: H LL J' Ldt=4.8f . enol b} Jf Ldt=48fh"
o] prediction only H_ S E
o . [P : ™ ]
F ] F o .
E _H q.b'b"’--. 7 h: ; .b“‘m.;
12 {BM/HB) = 1.00% 0.0 : 12" BM/HB) = 1.01% 0.0 =
P S L WO UV VYO T 1 N YR TSt PIVES UL N2 i
oo [ MR T RINE 0s L JEEAMA AL AR AN IR
oo [ LGSR 0s ‘ ]
5 100 150 200 250 300 350 4 4 500 50 100 150 200 250 300 350 400 450 500
M,, [GeV] M,, [GeV]

@ Absolute prediction, NOT normalized to each other;
@ use comparison as systematic error on shape, unfolding the statistical
one (pdg recipe);
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Comparison of B-Matrix and HB prediction INFN

In signal region C
Low Mass My < 200 GeV ngh Mass MH > 200 GeV

> e B-tag Matrix with syst 2 T . e B-tag Matrix with syst
g Prediction with B-tag Matrix g 1200] R iction with B-tag Matrix
3 250 el Prediction with HyperBall H H . Prediction with HyperBall
HL 5 1000{—
2000 CMSpréliminary 2011 ] s kLL CMSpreliminary 2011 1
- ] 800(— o —
LI_I \s=7Tev F 'l,‘ \Ns=7Tev 4
1500 J = ILdt =48t w0l b [Lat=a8i® -
1 r J j
1000 — F 1
. “F - 1
50 | - [ 200l \"N«“:
12”7 } ; o 12 " hmanient® | I i
{B) =100+ 0.01L ] 2"(BVIFB) = 101200 =
1 [t S TN SO W B P il d B |
N LA NS N ] i R TTCTIYC SO V20K
AL 157 . F AL RR G LD G BT
0.9 + + L l 09 [~ 8|
0.8 fitkdil - 0.8
ou 100 150 200 250 300 350 40 45 500 50 100 150 200 250 300 350 400 450 500
M, [GeV] M,, [GeV]

@ Absolute prediction, NOT normalized to each other;
@ use comparison as systematic error on shape, unfolding the statistical
one (pdg recipe);
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Systematics C

Trigger syst: ~ 3 — 5% from data driven € estimate;
Physics object syst:

» B-tagging eff. BTV-12-001 =~ 4% per Blet: ~ 12% for three jets.
» JEScale 733%

> JEResqut|on :|:1.9%

» Mu momentum scale ~ 0.2% and resolution ~ 0.6%

pdf For My = 120 GeV: *25%; for My = 250 GeV: T41%;
Integrated Lumi syst: ~ 2.2%

@ Background normalization syst ~ 5% (see next slides):
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Background Normalization and Systematics C

Two major source of normalization systematics for the predicted bbb in
signal region:
Systematics from bbb prediction from DATA control region

T X2/ ndf 30.91/46

oA
const 0.8769 £ 0.0073

@ compare bbb and prediction in DATA control "} | pataconuol région, | |

on: oo Lot AL
region; S _ Ak wmw, H
@ use normalization in signal region; H Er=Tn { 1"
E seen Lo E

@ use fit error as systematics; , Pred) e

50 ]OD JSB 200 250 300 350 400 4?0 \E;]O
Systematics due to extrap. from control to signal region from MC
@ shape is flat (within the stat) both in control and signal region;

@ get a correction factor Rextrap Obtained with total number of events
division of the MC ratio plots on CR and SR

@ plus systematics
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Final prediction and signal (tan 5 = 30)

o Data
" —— Background
"[susy oo

i [Jsusy 100
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- ] susy 130
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4200

Low Mass
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© 2500=++wviveee i [t () SUSY 90 8
g [ = susy 100 =
3 r [ susy 120 d
L i [Jsusy130 3
2000f— - 3 susy 140 10°
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L [ susy 180
- : : i [susy 200
1500 +++ieees[dreenenten !
[ CMSpreliminary 2011 [
[ 2|
1000} \!7 =7 Tev F
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s00[~ RS |
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100 L
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: : : 1
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Final prediction and signal (tan 5 = 30) NN

High Mass C-
-~  Data - o Data
E 12007 — Background %; P T OTTT T o
s [ : [@susy 200 o ¢ 1 ——Background
3 1000 i CJsUSY 250 3 10 .
r [JSuUsY 300 & Susy 250 ]
[ [Jsusy 350 L . ; ]
800  (tanB=30) - i B . USY 300 4
b CMSpreliminary 2011
600 102
r Ns =7 TeV
L — -1
wool- ILdt =48
pr N TN T IR S N N, Y
[ 10
[ |
50 1.1
S | T T
: I T Al i
100 ackground. i iG] 0 50 100 150 200 250 300 350 400 450 500
0 50 100 150 200 250 300 350 400 450 500 M12 [GeV]

M,, [GeV]
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% oA Sensitivity: stat + syst errors C
&lOOO ..—— observed 1 = FICMS preliminary.2011.. —— observed .
d H e median C‘) I . Ns.ZZIeVo . median 1
2 M ILdt =4.8fb* B expected (68%) B | | Ldt=48fb" = expected (68%): .|
o [ o
£ BOO T o s expected (95%):-— £ M V. expected (95%);
2 2
) =}
% % 10?
X 600 X
(o] (o]
400
200 0
250 300 350 100 150 200 250 300 350
2 2
m, [GeV/cT] m, [GeV/c]
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Summary C

@ Fow low mass, we do see a trend in the ratio data/prediction;
@ maybe also for high mass, less evident;

@ it results in over-stimate backgound in one region and under in an
other.

@ similar trend is not visible in control region, MC or comparing MB
with HB

@ trend is visible in no man’s land 0.4 < D < 0.7 for low mass;

@ if correct signal region for what we see in NMI, less fluctuating
results;

@ results also shown using only D > 0.7 results also shown.
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cross-section (%

350 1 15 2 25 5 Al 45 50
M, [GeV] tanp

100 150 200 250 300

(b) o x BR vs My () o x BR vs tan 3

Figure: (a) MSSM neutral higgs production cross section times branching ratio
for bbH associated production at v/s =7 TeV and H — bb decay, as a function

of Ma and tan §3, taking into account the mass degeneration. (b) Same as (a) as
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Figure: Reconstructed number of primary vertex in MC simulation with original
and reweighted PileUp distribution compared to that found in 2011 Data.
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Background Processes
Description Dataset Name J Ldt [
QCD (p enriched) /QCD_Pt-20_MuEnrichedPt-15_TuneZ2_7TeV-pythia6 0.296
tt + jets /TTJets_TuneZ2_7TeV-madgraph-tauola 423
Signal Processes bbH — bbbb
my = 90 GeV /SUSYBBHToBB_M-90_7TeV-pythia6-tauola 1.64
my = 100 GeV /SUSYBBHToBB_-M-100_7TeV-pythia6-tauola 2.29
my = 120 GeV /SUSYBBHToBB_-M-120_7TeV-pythia6-tauola 4.29
my = 130 GeV /SUSYBBHToBB_-M-130_7TeV-pythia6-tauola 5.41
my = 140 GeV /SUSYBBHToBB_M-140_7TeV-pythia6-tauola 3.98
my = 160 GeV /SUSYBBHToBB_M-160_7TeV-pythia6-tauola 6.22
my = 180 GeV /SUSYBBHToBB_M-180_7TeV-pythia6-tauola 9.73
my = 200 GeV /SUSYBBHToBB_M-200_7TeV-pythia6-tauola 14.80
my = 250 GeV /SUSYBBHToBB_M-250_7TeV-pythia6-tauola 37.96
my = 300 GeV /SUSYBBHToBB_M-300_7TeV-pythia6-tauola 87.52
my = 350 GeV /SUSYBBHToBB_M-350_7TeV-pythia6-tauola 198.56
Lacaprara S. (INFN Padova) Hbb CERN 25/6/2012

Backup
000@000

)
INEN

C

42 /88



Analysis strategy Trigger Selection Background Systematics Sensitivity Summary Backup Backup
00000000000OO 0000@00

a NEN
HLT C

HLT paths run triggered [ Ldt

(L1 seed) range events [pb~ 1]
HLT Mul2 CentralJet30-BtagIP

L1.SingleMu7 163738-165633 3027717 180.9
HLT_Mul2 DiCentralJet30_BtagIP3D

L1.SingleMul0 165970-166967 4532555 537.1
HLT Mul2 DiCentralJet20 DiBtagIP3DistTrack

L1.SingleMul0 167039-173198 2244550 1108.6
HLT Mul2_eta2pl.DiCentralJet20.DiBtagIP3DistTrack

L1_Mul0-Eta2pl-DoubleJet 16.8 173236-176469 1237147 652.2
HLT_Mu12_eta2pl DiCentralJet20.DiBtagIP3DistTrack™

L1-Mul0_Eta2pl_-DoubleJet 16_8* 176545-180252 5690 304 2326.8
All 16732273 4805.7
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a Trigger eff :

=z
=)

-

HLT Path signal efficiency [%]
HLT Mu12_CentralJet30_BtagIP 3.64 +0.19
HLT Mul2 DiCentralJet30_BtagIP3D 2.28 +0.11
HLT Mul12 DiCentralJet20DiBtagIP3D1istTrack 1.66 £ 0.07
HLT_Mul2_eta2pl DiCentralJet20.DiBtagIP3DistTrack 1.65 + 0.06

Table: Signal efficiency for the different HLT paths. The reported signal
efficiency is estimated only for the Higgs mass point my = 120GeV//c? and it
does not take into account the offline selection.
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o.

Mu12_CentralJet30_BTagle
MuL2_DiCentralJet30_BTagip3D
MuL2_DiCentaletz0 ¢
Mul2_etazp. DiCentrallet20_ DiBTaglP3DistTrack

Mu12_Centralsets0_BTagie
Mul2_0iCentralJet30_BTagi3p

Mu12_0iCentralJet20_DiBTagIP3DIstTrack
Mu12_etazpi. DiCeniralder20. DiBTagiP3DistTrack

M12 before cuts

E 005
E [ £
008~ 004
[=] L E
“— r £
Q  oos- C
004:—
002}

il | | | I I | | I L | | | | | |
10 20 30 40 50 60 70 80 du,lo 50 100 150 200 250 300 350 40 50

__pr..Seco t Mo

12_comra 0 Bragle
Second jet Pt after cuts W12 DiCentrai1ec30 BTgP3D M12 after cuts
012 Mus2_DiCentalletzo_DiBTagIPID1stTreck

M2_eta2pi_DiCentra)et20_DiBTag P3DistTrack X

MuL2_DiCentral)et30_BTagip30
MuL2_DiCentralJet20_DigTag PaD1stTrack
L2 eta2p1 DiCentralzet20 DBTagIPADLsTrack

VT Cantratera_BTag ‘

01 [
3 0.0~
o008~ F
E 003
0.08f- F
£ 0.02f-
0.04— [
002~ 001~

After Preselection

| | | | | | I |
50 100 150 200 250 300 350 400 450

After pre-selection cut, distributions for different paths are similar
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Trigger paths vs Analysis C

Deviations from the averaged over all triggers

Second Pt before cuts M12 before cuts

il I I I I I I I
100 150 200 250 300 350 400 450 S

Second Pt after cuts M12 after cuts

0.002

-0.004)

L I I I I I I I I
50 100 150 200 250 300 350 400 450 500
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Physics Objects C

(]

CMSSW 427 including JetMet suggested tags.

AKS5 ParticleFlow Jets, JEC applied:

L1FastJet, L2Relative, L3Absolute, L2L3Residual (only for Data)
Global Tag: FT_R_42_V20A and START42 V17 for Data and MC

PU treatment: PF Charged Hadron Subtraction and Area Method;
Loose Jetld selections;

[
vV vy vy

Jet b-tagging used is Combined Secondary Vertex (CSV);

Standard Global Muon (no isolation requirements)

JES and JER from POG (CERN-PH-2011/102 and update JetMET
presentation 9/1/12);

BTag efficiency studies on top samples (BTV-12-001);
Muon (non isolated) efficiency on J/¢) MUO-10-004;
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Data reduction C

9]
w

= B4 - X

[ ] 20

o o [T

= = ZE

- - i~

3 SE | gk . 8E

g 2, 25 | &38| 38

2 To T2 gEl 832

oEE | «EE | «ER | JER | OJdER

S a0 B0

SER | 3SR | 38k | 38k | ok
Cut Som S0m =00 =00 pyaya) All
All 3027717 4532555 2244550 1237147 5690304 16732273
p% > 15 GeV 1757902 2678935 1337394 742231 3222677 9739139
#jets >=3 665962 1245655 639616 404082 1556012 4511327
AR; >=1 513981 957884 498996 315284 1219439 3505584
CSV(lSt — jet) > 0.8 242982 492734 297838 184075 714506 1932135
CSV(2”d — jet) > 0.8 52345 112428 162029 99175 387708 813685
win 15 or 2 jet 50708 108551 156147 95760 374774 785940
CSV(3'd — jet) > 0.7 3245 7323 12796 7623 29208 60195
f Ldt [pb_l] 180.9 537.1 1108.6 652.2 2326.816 4805.7

Table: Data reduction after each selection cut for the various trigger paths
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Signal reduction C

Background Processes
Description Dataset Name J Ldt [p71]
QCD (u enriched) | /QCD_Pt-20_MuEnrichedPt-15_TuneZ2_7TeV-pythia6 0.296
tt + jets /TTJets_TuneZ2_7TeV-madgraph-tauola 423
Z — bb /DYToBB_M_50_TuneZ2_7TeV_pythia6 0.98
Z — pp + jets /DY JetsToLL_TuneZ2_M-50_7TeV-madgraph-tauola 11322
7z /ZZ_TuneZ2_7TeV_pythia6_tauola 977
wz /WZ_TuneZ2_7TeV_pythia6_tauola 407
ww /WW _TuneZ2_7TeV_pythia6_tauola 145
Signal Processes bbH — bbbb
my =90 GeV /SUSYBBHToBB_M-90_7TeV-pythia6-tauola 1.64
my =100 GeV /SUSYBBHToBB_M-100_7TeV-pythia6-tauola 2.29
my =120 GeV /SUSYBBHToBB_M-120_7TeV-pythia6-tauola 4.29
my =130 GeV /SUSYBBHToBB_M-130_7TeV-pythia6-tauola 5.41
my = 140 GeV /SUSYBBHToBB_M-140_7TeV-pythia6-tauola 3.98
my =160 GeV /SUSYBBHToBB_M-160_7TeV-pythia6-tauola 6.22
mpy = 180 GeV /SUSYBBHToBB_M-180_7TeV-pythia6-tauola 9.73
my =200 GeV /SUSYBBHToBB_M-200_7TeV-pythia6-tauola 14.80
my =250 GeV /SUSYBBHToBB_M-250_7TeV-pythia6-tauola 37.96
my = 300 GeV /SUSYBBHToBB_M-300_7TeV-pythia6-tauola 87.52
my = 350 GeV /SUSYBBHToBB_M-350_7TeV-pythia6-tauola 198.56

Table: Summary of MonteCarlo samples used in this analysis. For all sample, the full
datasetpath is completed with /Fall111-PU_S6_START42_V14B-v1/AODSIM. For SUSY
samples, the equivalent integrated luminosity refers to a cross section for tan § = 30.
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Signal reduction C
My [GeV]

’ Cut H 250 | 300 | 350
All 69624 | 29935 | 13310
pk > 15 GeV 8040 4014 1999
;égj'ets >=3 3012 | 1686 901
AR; >=1 2381 | 1303 685

CSV(1* — jet) > 0.8 1584 850 441
CSV(2" — jet) > 0.8 986 531 271

o in 15 or 2™ jet 860 465 239
CSV(3™ — jet) > 0.7 340 181 92
€ [%] 0488 | 0.605 | 0.691

Table: Events reduction for selection cuts for SUSY simulated signal samples,
normalized to a cross section for tan 8 = 30, for mass point in the high mass
range My > 200 GeV. The trigger efficiency is included only starting from the
cut #jets >= 3 by applying the data driven turn-on curves.
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g Mass spectra, trigger correcte
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Q M;; and My, for different HLT paths

Invariant mass after cuts

1-3 Jet

0.09
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0.05|
0.04
0.03
oozf |
0.01

5800

Applying pre-selections (2 b-tag) only: no bias in M;j; nor My,
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aeb for bbj vs |n|, E; vs Ny C

-

1
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0.4
0.3

Left to Right:
€EB All, Ntrk < 10, NTrk > 10
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aec for bbj vs |n|, E; vs Ny :

-

Left to Right:
€C All, Ntrk < 10, NTrk > 10
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€light for bbf VS |77|7 Et Vs Ntrk C

Left to Right:

€Light All, Nee < 10, N7z > 10
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a Mass@Vertex and JetBProbabiliy correlation

-

| Correlation Coefficient p = 0.522 |
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JetBProbabili
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« A Template jjj vs bbj CN

K-S Test B Templates

£
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a Fp,c parametrization

Fg,c <E¥3)a ’7703)

assuming no correlation.

One factor for the third jet features, one for the event

topologies.
Use Fg,c(ARHj, |AR), j,|) only for shape:

Fpg,c average, weighted to bbj distribution, is normalized

to unity.
/ N (ARy j3, AR12) dARpdAR
“FB,C H,j3» 12 12 H,j3 =
C reg. AR dARy j3 ’ J 4

dn
O JARpdARy
/c reg. dAR1,dARy 3 H.j3

) X Fa.c (AR, |AR; )
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a Prediction vs bbb in MC and Data C
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Q Prediction vs bbb in MC and Data C
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Prediction vs bbb in MC and Data C
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a Prediction vs bbb in MC and Data C
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Discriminator prediction vs bbb in MC and Data  inen
in control and signal region: High Mass (M > 200) susy My = 250 GeV C
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QVariable used in HB C

ETq 15 jet transverse energy
1 15 jet pseudorapidity
E7> 229 jet transverse energy

72 229 jet pseudorapidity
Ngk2 22T jet track multiplicity
Er3 3™ jet transverse energy
n3 3" jet pseudorapidity
Nek3 32 jet track multiplicity
Ap1 15% and 229 jet azimut difference
ARy; | 2% and 3°T jet R distance
Mo 15% and 229 jet invariant mass
PT12 15% and 29 jet combined transverse momentum
PT23 27T and 37T jet combined transverse momentum
PT123 15%, 27 and 3" jet combined transverse momentum

Table: List of variables used to build the “distance” as defined in eq.??
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Q Hyper Ball: results HB size C

L2 T T T T T T L2 T T T T T
1l E 1l E
1.08; é 108; é
1.05; é 106; é
b ] ER 3 l E
b ER 1 E
] o] E
0.98; é 098; é
0_961 Low mass E 096;1 High mass E
0.94; é 094; é
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Stability of Seen/Pred in Control Region for Data vs HB size
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Q Hyper Ball: results HB size C
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Stability of Seen/Pred in Signal over Control Region (Rextrap) for MC vs
HB size
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Hyper Ball: results on QCD MC C
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Issues

C

@ Values at 180 and 200 GeV are +20 and —20 off.
@ between 180 and 200 we change discriminator

» low Mass—high Mass

» do not expect a priori a smooth transition

» Try to switch region for 180 and 200 (next slides)
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Switching 180 & 200 between low & high mass

E 103 ; B O pow oo .3 LS S e 0 e s e e \7
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Predictions crosses at ~ 180
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=l Switching 180 & 200 between low & high mass -
E 103; B O pow oo .3 LS S e 0 e s e e \7
Z y-201L- — observed ] 70CMSpreliminary 2011 \s = 7 TeV
2 | CNESTTY L 1 d:ﬂ-rhﬂ-rmwm””””;
s 0 GO Eeweced @30 | Bl oo [Lat=a87
E R expected (95%),. ] % E 59 expected (68%) E
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10f .

w0 mo me w0 w0 Ogoh 5y g0 50 00 3%
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Predictions crosses at == 180 For high Mass, 180 and 200 are fine
For Low Mass, 180 and 200 are quite off the expected: why?
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Look like data-background has sinusoidal-like shape
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Possible origin C

Could it be a My5 scale problem?

@ Prediction is from data, not from MC.

» Background is predicted from bbj sample, and My, is the same by
costruction in bbj and bbb;

» Difficult to think that a b — tag in the third jet could change the scale of
the first two.

Not seen in the MC (comparing control and signal region), but MC

statistics is low.
Should be visible also in the data control region, which is not

» Could be a problem related to the parametrization used, but

The hyperball shows a very compatible prediction in the interesting mass
range;

@ Do we see it in all signal region?

» Look at no man’s land (0.4 < Discr < 0.7).
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Q No man's land Data vs prediction (low mass) C

No Man s Land a trend is visible KS=4.1%

Enmes 14435 %5,\\\\ e X2/ ndf 20.3/18
Mean e F
14F slope 0.9162+ 0.0414
3¢ pl | 0.0005052+0.0002751
1.0 | Data no man‘s-land
2 1
; YT
1 El g i
| E B SR T
= el T
[ 9E Tl 7
0.8
0.7E (seen)
Ovuf (L re j)
osbnbie il N9 mans land ||| 4
%0 50 100 150 200 250 300 350 400 450 500
M,, [GeV]

Additional correction

Use the poll fit seen in the no man’s land 0.4 < Discr < 0.7 to correct
for the prediction in the signal region
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QApplication of correction in Discr > 0.4

-

Before correction After correction
> ® Data > - ® Data
3 F — Background > > h — Background >
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g [ susy 100 S El J [ susy 100 S
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20 S susy 140 1 D susy 140 1
EL 3 susy 160 r I!L [ susy 160
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1
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Try to use this correction, with additional systematics from fit errors, to
get a x-section results
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Original results (no correction from no man’s land)
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new results (with correction from no man’s land)
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As expected, better agreement, (no syst yet)
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new results (with correction and syst from no man’s land)

E 103 H LI P o .10 S Y O O
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d N NOENA G\ A median ] d: T LB e |
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with 5% syst worst limits, but ok (only for low mass)
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aWhat about high mass? C

No Man’s Land. KS=11.5%

sg]
4 QCD

00| AREEEE - Entries 4171
Mean  203.6
~|RMs__ 66.89

» QCD
. SUSY H,g
High Mass susv Hyeo
— Susy H350

15

For high Mass the no man'’s land (0.4 < Discr < 0.7) is very poorly
populated. .. no correction applied
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J

QThou shalt not use data to correct prediction!

-

At least not the same data you are looking to.
Let's redefine signal region Discr > 0.7 (excluding no man’s land)
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As expected, better agreement, and less fluctuating results
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