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Intro C

Intro

o Neutral SUSY Higgs, H — bb

@ Use associate production to reject hadronic background
pp — bbH — bbbb

@ Use semi-leptonic b decay for trigger;

@ Baseline selections:
> at least 1 global muon P% > 15 GeV;
> at least 3 jets (PFak5, Looseld) |n| < 2.6, Pt > (30,30,20) GeV
» the first 2 jets must have b-tag CSV > 0.8, the y inside one of the

two;

» last selection: third jet b-tag CSV > 0.7
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Numerology C

HLT paths run triggered [ Ldt

(L1 seed) range events [pb7]
HLT Mul2_CentralJet30_BtagIP

L1_SingleMu? 163738-165633 3027717 183.815
HLT_Mu12_DiCentralJet30_BtagIP3D

L1_SingleMul0 165970-172952 4532555 524.904
HLT Mul12_ DiCentralJet20 DiBtagIP3DistTrack

L1_SingleMul0 167039-173198 1873247 780.378
HLT Mul2_eta2pl DiCentralJet20_DiBtagIP3D1stTrack

L1-Mu10_Eta2pi_DoubleJet.16.8 173236-178380 4762858 | 1944.527
HLT_Mu12_eta2pl DiCentralJet20_DiBtagIP3D1stTrack™®

L1_Mu10_Eta2p1 DoubleJet 16.8 178420-180252 2164634 811.861
All 16361011 | 4245.485

Warning: still lumiCalc2.py
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Selections C
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Cut =2 =q =08 s A9 s A9 <
Al 3027717 | 4532555 | 1873247 | 4762858 | 2164634 || 16361011
pli > 15 Gev || 1757902 | 2678935 | 1118307 | 2741523 | 1223401 9520068
#jets >=3 665203 | 1244561 537517 | 1365228 594070 4406579
CSV(1%t — jet) > 0.8 309544 631637 310742 774241 335506 2361670
csv(2™ — jet) > 0.8 64072 138772 167319 414414 179859 964436
win 15 or 27 jet 61901 133538 160688 399079 173417 928623
csv(3 — jet) > 0.7 4295 9744 14552 34306 14685 77582
[ Ldt [pb~1] 183.8 524.9 780.4 1944.5 811.9 42455

Lacaprara S. (INFN Padova) Hbb CERN 23/03/2012 4 /26



Intro Status Fb,c Discriminator optimization MC closure Other Masses Summary Backup

| &
INFN
Strategy C
Get QCD background from data

@ Major background source is QCD
» second source tt + jet(s) estimated (MC) roughly 500 ev;

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

Build B-tagging matrixes for bb 4 j sample in control region;

Estimate bbb background in signal region starting from bbj:

F(bbb) = F(bbj) x Py (j)

@mﬂUVZ%'@+%-ﬂ+ﬂ-ﬁ

Get €’s from MC and f, | from Data;

Compare single distribution (Mpp) or MVA variable;
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kf‘—- Get Fb,c C

Consider Mass@Vertex and JetBProbabilty (new) for third jet; ( before:
TCHP. Tried also JetProbability;)

@ build templates from MC QCD;
o fit templates and get Fy, ;
@ used only JetBProbabilty if Mass@Vertex not available.

. 7’+++H+HH+W++H#+&KM,¢ .
-0, V.

obs T

JetBProbability (w Mass)

T B G 7
JetBProbability (w/o Mass)
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Fpjc in QCD MC: Fit vs MC truth C
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Q Discriminator optimization C

(signal)(x;)
. I_I \ 1
Discr = L

I-Il_pl(signa/)(Xi)+nip§QCD)(Xi)
@ For My =120 GeV we compared different set of discriminator’s
variables, and see the effect on the shape of M.

@ in particular check the effect of inclusion of invariant mass in the
discriminator.
e Higgs Mass 120 GeV (o for tan § = 30).

» Discriminator 0 baseline so far, not optimized
» Discriminator 1 optimized, w/ My, (jf)
» Discriminator 2 same as 1 but w/o M, (jj)
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a Discriminator Q: baseline so far C

BJeIZPt

BJelOP . BJelIPt
Used o Used

o Used

) ) ERE

Minvo1 = MinvoL
Control region = Signal region
Data Data

o Deta? Detel? o SphericityBooft
Jsed Used

.:E

il
Bt
i

e, 18 i
i

Frrme e Dl DreeeesSs @ peak at Mpp =~ 90 GeV in
7 s control region;

: p @ underestimate in
: . prediction for higher My
N ( both data & MC.

Lacaprara S. (INFN Padova) Hbb CERN 23/03/2012 10 / 26



Intro Status

Fb,c

Discriminator optimization

Q Discriminator 1: optimized

MC closure

Other Masses

with Minv (.U)

oy
et

e
TR
st

Summary

Backup

-
INFN

C

Minvo1 =
Control region
MC

Minvo1
Signal region
Data

i

s
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(INFN Padova)
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@ better signal/QCD

discrimination;

@ very funny structure for

Mpp;

@ underestimate in
prediction for higher My,
only in MC.
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/‘)

Q Discriminator 2: optimized w/o M,, (jj) S

o Control region o

i
] e still good signal /QCD
T discrimination;
g s 5 @ much nicer shape for Mpp;
o . E @ underestimate in
o ] prediction for higher My,
o g only in MC.
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g Comparing CLs for different discriminators C

CLs calculated as shown by Antonio on 24/2/2012 (M, shape analysis,
assuming ([ £dt)sys = 4.5%, Bkgsyst = 5% Effsyst = 5%)

observed datasample is the predicted one

Discriminator 0 Discriminator 1 Discriminator 2

Frequentist CL Scan for workspace result xsec Frequentist CL Scan for workspace result xsec Frequentist CL Scan for workspace result_xsec

. — Observed CLs
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& [ A I R R I TR R T I A R
o o

Optimized discriminator w/o invariant masses seems the better one.
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aSo, what's wrong in the MC prediction? C

4 Minvo1l

I

14
24
EH

Improvement

@ code review (and fix of a set of bugs, of course);

@ move to Fallll production (previously Summerll);

@ get Fy . from control region only;

@ try e¢x only, namely take jet flavour from MC truth jet per jet;
o try different parametrization of Fp, . (ET, ARmin vs ET,7)

o try flat Fp . (pure numbers)

@ etcetc ...
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After all this work C

Look only at MC, control region .
Top (bbj) P3rd_J(j) vs (bbb) bottom: just PYII())

M|nv01 wp Mlnvl)l 3 M|nv01
\ n: onhtllrg!;g?;%n m: ontrol region
: : (bbb)
i3 i3 N p3rd—j,:
i (bbj) - P, ())
i i
i | | JetTruth
— e a5 5788 /5581.15 = 1.03706
MinvO1 Minv0ol =F Y MinvOl =%
Control regidr o Control regigr W Control regidr MCTruth
2 Fyc jet-trut ot F,. MC-para ot Fyc Fit 5788/5405 13 -1 07083
1 ! 3 it
ol e d 1 5788/5127.58 = 1.1288

Better than before but still problems
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} DRMin2Vs0L “ DRMinZVsOlb “ + Discrimmalo[;\ﬁ “ + Discr\minatu‘?”* : [ Discnminaml?*'
Ggntrol region 3 *F Ggntrol region & Control region ol Control region ol Control region
e MC-param §  =f {fta Fit E| L Fy. jet-truth L Fy. MC-param L Fy. Fit
3 3 E| o) 20 .o
E [ S ,‘“
o i I
ﬂ *ﬂ *ﬂ — ﬂ —— ':J -
- DRMinzv%t - DRMinzvi*“ﬁt o DRMinzv%t; - Discriminliro i DiscriminL&'rq o Discriminatoj
o Control regigr .. Control regigr ..f Control regigr 1.4 Control regigr ..t Control regigr o Control regigr
o Fy. jettruth { oz Fy. MC-param s Fy. Fit k| o Fy. jet-truth | oar Fy. MC-param o Fy Fit k|

problem at low AR, trying finer

binning.
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problem at low discriminatore value:
try to esclude these events?
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Q Exclude events with Discriminator < 0.01 C

Look only at MC, control region .
Top (bbj) P3rd_J(j) vs (bbb) bottom: just PYII())

M|nv01 E wof Mlnvl)l = af M M|nv01 il
§ 1o on'\tllrglprgrgalgqn xz:— ont:’ol region
i i ! (bbb)
i i } . i/,
T iy (bbj) - Py (j)
i 3%’
‘ fad JetTruth (as before)
S s w2 5788 /5581.15 = 1.03706
Minvol = b MinvO1 "3 MinvO1
Control regigr o.f Control regidr . Control regidr MCTruth
. F._jet-trut F._ MC- F._Fit
S e s S i T 4567/4460.24 = 1.00353
. Fit
i L L L L zn‘u zs‘n 0 i s‘n 10‘0 15‘0 zo‘o 2!10 :m‘n Jfln -3 i sl:: ;c‘m m‘n m‘u z‘;‘u y;o 35‘0 30 4567/4215.31 == 1'06184

Better than before, but trowing away 20% of events in control region. ..
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Try other mass points: My = 160 C

. potes s . T B s
. et ; o . s p 4
E p . i
}f& : . " Vior | { MimoL -]
Control region Signal region
B ? . e e
- BletiEa Detall “ DAMed ’
s " vt i s .
i b i
o o i
i i
7 Minv01 B2 MinvoL =
I o W #¥¢, Control region Signal region
E iy T pae I T - a i
" b ot bt
: ﬁi\ ] . i i
e e T il
T . o H T T
vt v o4 — oo E
— susv H_160
E @ Quite similar to
008
: My =120 GeV
4 004
N 0.02

Lacaprara S. (INFN Padova)

CERN 23/03/2012 18 / 26



Intro Status

Fb,c

Discriminator optimization

MC closure

QTry other mass points: My = 250

e
et

[

—
Ty
ot

Lacaprara S. (INFN Padova)

Hbb

Other Masses

Summary

Backup

-
INFN

C

Minvo1
Control region
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et
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Signal region
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Control region
Data

Minv01
Signal region
Data

i
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i

@ Easier discrimiation:

@ broader and lower signal;
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Data

@ harder discrimiation;

@ leading and sub-leading
b — jets not anymore the

best choice.
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a MVA and SUSY MC statistics C

MVA
@ have tried MVA using variables considered for discriminator
@ training samples
background predicted (bbb) in signal region
signal SUSY MC
@ problem: too few events in final sample with current SUSY MC
sample
> eg: My =120 GeV: Produced 10° ev, P# > 15 GeV =~ 50kev, all
selections (bbb) ~ 2kev
» similar for other mass points.
@ Request MC production with filter at generator level on P%.
Same number of events produced, x20 events passing all cuts
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Summary C

Progress in MC closure test, closer but not there, yet.
» need it to get systematics in extrapolation from control to signal
region for data _
» other possibility: use bjj x Pg”dﬂ“(j) vs bbj in data

Discriminators optimization in good shape;

(]

Results for different mass points
> lower one requires additional studies;

@ Need more SUSY MC for MVA;

Lacaprara S. (INFN Padova) Hbb CERN 23/03/2012 22 /26



Intro Status Fb,c Discriminator optimization MC closure Other Masses Summary Backup

| NPN
BACKUP ¢

BACKUP

Lacaprara S. (INFN Padova) Hbb CERN 23/03/2012 23 /26



Intro Status Fp,c Discriminator optimization MC closure Other Masses Summary Backup

J

Q Data: HLT comparison
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Q Data: HLT comparison C
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