HZZ 250 GeV Analysis - Update 2 - 17-19 September 2013

® 1 Update on the HZZ 250 GeV +80/-30 250/fb Analysis for 17-19 September 2013:
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1.1 Analysis Procedure:

1.2 Distributions before preselection with only a cut on the reconstructed Higgs mass:

1.3 Preselection:

1.4 Distributions after preselection:

1.5 The TMVA variables:

® 1.5.1 Some signals are just not reasonable to try to select:
1.6 Performance of different MVA options:
1.7 Cut table for BDT: (NEW)NEW:
1.8 Remaining backgrounds: (NEW)

1.9 Plans:

Update on the HZZ 250 GeV +80/-30 250/fb Analysis for 17-19 September

2013:

Analysis Procedure:

¢ divide into 4 jet/ 6 jet topologies
O thisis ZH with H->ZZ* , Z-> nn,ll,qq

apply preselection depending on topology
train/apply TMVAs

validate with cut table

check remaining backgrounds

Distributions before preselection with only a cut on the reconstructed Higgs mass:
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Input variable: Higgs Mass
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Input variable: doubls W abs mass diff
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Preselection:

Simplified and making only clean cuts ...




Evi s<140.0: (4 Jet category)
#y34>0. 0#hmass>95. && hnass<140.
#PTvi sJETS>25. 0 && PTvi sJETS<70.0
#nTrks>5.

#ej 1<120.

Evi s>140:
#y34>0. 0
#hmass>90. && hnmass<160.
#ej 1<120.

#j et t hrust <0. 98

#nTr ks>5

(6 jet category)

Distributions after preselection:
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Input variable: Higgs Mass
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Imput variable: azimuthal separation of Z jets
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Input variable: doubls W abs mass diff
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(Note: the lepton pair mass plot has the entries at less than 10 GeV randomly set to 10 and 130 GeV so that the signal peak can be seen.)
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The TMVA variables:

. Evis JETS

. Mvis JETS
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C likeness

. Number of HE Electrons
. Higgs Mass

. Z energy

. Zstr energy

. Z cos theta

. Zstr cos theta
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13. Zstr mass

14. azimuthal separation of Z jets
15. thrust

16. Number Charged Tracks

17. Number of electrons

18. Number of muons

----NEW VARIABLES:

1. y34
2. y56
3. lepton pair (PDG ID1 = -ID2) mass closest to Mz
4. jet pair mass closest to mW
5. jet pairl - + | jetpair2 -
mw mw

Some signals are just not reasonable to try to select:

1) decays like I+I-H where H->ffnunu
Even in cases where the ff are leptons the initial I+|- are more energetic



and those were being selected.

P gammalE=.018825 status=Intermediate)
P gammalE=1.4878 status=Intermediate)
P mu-(E=48,367 status=Intermediate)

P mu+({E=60.933 status=Intermediate)

= hO/HO1(E=138.96 status=Intermediate)
= ho/HO1(E=138.95 status=Intermediate)

¥ ZolE=45.666 status=Intermediate)

P s(E=8.8604 status=Intermediate)
s_bar(E=36.806 status=Intermediate)

< ZolE=93.293 status=Intermediate)
nu_tau(E=55.889 status=Final State)

nu_tau_bar(E=37.404 status=Final State)
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Run:0 Event: 18
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Vertexjets
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P gammalE=0.0000 status=Intermediate)
P gammalE=1.2461E-13 status=Intermediate)
P nu_tau(E=36.504 status=Intermediate)
P nu_tau_bar(E=72.684 status=Intermediate)

<= hO/HO1(E=138 46 status=Intermediate)

= hO/HO1(E=138 46 status=Intermediate)
~ ZolE=36.416 status=Intermediate)
nu_tau(E=14,129 status=Final State)
nu_tau_bar(E=22.286 status=Final State)
= ZolE=102.04 status=Intermediate)
nu_mu(E=60.974 status=Final State)
nu_mu_bar(E=41.067 status=Final State)
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This is the one!
skipping: no JetOutéJet
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E]x

PFOJetFindingDriver java [#)
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IsolatedHighPElectronidentifier.java [#] *

MyDBDzHzzAnalysis java [#] *
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Refinedjets
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P gammalE=1.1929 status=Intermediate)
P gammalE=1.2206E-4 status=Intermediate)
I e-(E=53.348 status=Intermediate)
b e+(E=50.560 status=Intermediate)
~ hO/HO1{E=13659 status=Intermediate)
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= ZolE=56.269 status=Intermediate)
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< ZolE=80.321 status=Intermediate)
nu_mulE=36.367 status=Final State)
nu_mu_bar(E=43.954 status=Final State)
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events weight

1108056.001. 10000 ' 20000 1.29E- elelh_zz.
stdhep 004 Gwhizard-
1108055.001. 10000 ' 20000 4.36E- elelh_zz.
stdhep 003 Gwhizard-
1108054.001. 10000 ' 20000 4.11E- elelh_zz.
stdhep 004 Gwhizard-
1108053.001. 10000 ' 20000 2.70E- elelh_zz.
stdhep 005 Gwhizard-
1108058.001. 10000 20000 4.29E- e2e2h_zz.
stdhep 003 Gwhizard-
1108057.001. 10000 20000 4.00E- e2e2h_zz.
stdhep 004 Gwhizard-
1108060.001. 10000 20000 4.28E- e3e3h_zz.
stdhep 003 Gwhizard-
1108059.001. 10000 ' 20000 4.00E- e3e3h_zz.
stdhep 004 Gwhizard-
Sum = 1.43E- 10.40%
002
1108062.001. 10000 ' 20000 2.54E- nnh_zz.Gwhizard-
stdhep 002 1
1108061.001. 10000 ' 20000 3.01E- nnh_zz.Gwhizard-
stdhep 003 1
Sum = 2.84E- 20.68%
002
1108064.001. 10000 A 20000 8.67E- qgh_zz.Gwhizard-
stdhep 002 1
1108063.001. 10000 ' 20000 8.08E- qgh_zz.Gwhizard-
stdhep 003 1
Sum = 9.47E- 68.93%
002
All = 1.37E-
001

Mass of lepton pair with mass closest to mZ:

LEF:lepton-lepton pair mass ( lepton[0] type = 11) LEF: lepton-lepton pair mass ( lepton[0] type = 13) aida2262407823720264601.aida
34— ;r:;iﬁs :65 ggg 42+ ;’2;‘:? :76 i?g 472 1 LEP:lepton-lepton pair mass ( lepton[0] type = 11)
R A LEP: lepton-lepton pair mass|( lepton[0] type = 13
224 Rms: 36311 || 40 Rms: 28.046 | | 40-fM LEF:lepton-lepton p (leptoniO] tyn !
3BT
36T

The following also shows the jet pair mass for those that have mass closest to mW:
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4 g Pr;:grams M| welcome & Xl MyletFindingDriver.java [§] I MyDBDwHAnRalysis java  [# "l MyDBEDWH java  [#) "I PFOJetFindingDriverjava [3]
~ aida3323140687566634658
™ #Jets frorm PFO in ALL Eve IsolatedHighPElectronidentifier java  [#] xI MyDBDzHzzAnalysis.java [ "l Page 3 Mi*| Page2 Mu*| Page3 kyx| Paged W
3 FLAV: ]
b B ETs: LEF:Iepton-lepton palr mass ( lepton]@] type = 11) LEF:lepton-lepton pair mass ( lepton[Q] type = 13)
B JETS: y56divy45 ( Flaver = 35 ;ﬂé:ﬁ 1 Stl)g
i JETS: y56divy4s ( Flavor = 20 Rme: 38017
5 JETS: yS6divyas ( Flavor = 35
5 JETS: y56divy4S ( Flaver = 50
B JETS: y56divy4s ( Flavor = 15
B JETS: y56divy45 ( Flaver = 10
Wi JETS: y56divya5 ( Flavor = || | 5
i JETS: y56divyas ( Flavor = o
hJETS: y56divy45 ( Flavor = [+] 20 40 50 80 100 120 0 20 40 &0 a0 100
M54 JETS: yS6divy4s ( Flaver =
gJETS’lysedi‘?’“S ( Flavor = WPAIR: fbest W pair from 4 jets ( Flavor = 11) WPAIR: fother W pair from 4 Jets ( Flavor = 11)
LEP:lepton-lepton pair ma _
LEP:lepton_lept | Entries 157 Entries 157
N “lepton-epton pairma s mean: 80007 | | 1% Mean ; 78.536
B mc: 20 Rms: 91469 12 Rms : 38.289
" number of electrons per ¢ 10
P Number of electrons per ¢ 15 8
™ Number of electrons per g 10 5
™ number of electrons per & 4
™ number of electrons per 5 5
" number of electrons per e & ) & &I BE O E ) %
P Number of elect o-+—F . } : f 1 T | } 0 T T k / T T h }
- Number of electrons per &/ 30 40 50 50 70 80 20 100 110 20 40 50 80 100 120 140 1860
(o] I D]
izl: 3,2 izstr: 1.0 -
did 3 mjet4j[0]: 93.558533581030444 EvisJETS: 207.59458773345947
iwl: 2,1 iwstr: 3,0 =

Compiler | standard Output |

‘Name: other W pair from 4 jets ( Flavor = 11 ), type: ICloud1D

\ [173.4/443.2M8

(B Gno... [ myp... | b jass | @B pem... | O E] e

Note: Compared to last week plots and tables there was also a simple programming error which I've already fixed.

Performance of different MVA options:

BEFORE
[ neal @ocal host weights]$ grep -A 8 -i optinal- ../hzzv14-presel -v4-new conmon0410resul ts. txt
--- Cassifier (  #signal, #backgr.) Optimal-cut S/sqrt(S+B) NSi g NBkg EffSig Ef f Bkg
--- Cuts: ( 664.0744,1312202.5) -0. 0050 0 0 0 0 0
--- Likelihood: ( 664.0744,1312202.5) 1. 0000 0.728991 644.0848 779980.1 0.9699 0.5944
.- Fi sher: ( 664.0744,1312202.5) 0.0120 1.70335 258.2099 22721.13 0.3888 0.01732
--- BDTG ( 664.0744, 1312202. 5) -0.9823 1.17754 538.5353 208621.3 0.811 0. 159
--- BDT: ( 664.0744, 1312202. 5) -0. 0462 3.42709 100.6751 762.2891 0.1516 0.0005809

NOW:



if ((fp = fopen("HzZZ- TWA-vars-ffh_zz_all _SM background_+80e-_-30e+-v6-mini.txt","r"))==NULL) exit(0);
[neal @ocal host test]$ source storeresul tsHZZv4. sh hzz-wi t hl ep-w t hmM n2- Mhi ggspr esel - pl uspt nt r kp8g16y34nvt x

--- Cassifier ( #signal, #backgr.) Optimal-cut S/sqrt(S+B) NSi g NBkg Eff Sig Ef f Bkg

--- Cuts: (1035.8644, 1196975) -0. 0050 0 0 0 0 0

--- Likelihood: (1035.8644, 1196975) 1. 0000 1.66886 315.8824 35510.98 0.3049 0.02967

--- Fi sher: (1035.8644, 1196975) 0. 0047 2.38122 586.8862 60157.76 0.5666 0.05026

.- BDTG  (1035.8644, 1196975) -0.9795 2.625 293.8675 12238.81 0.2837 0.01022

.- BDT: (1035.8644, 1196975) -0. 0427 4.9889 146.0711 711.2005 0. 141 0. 0005942
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Cut efficiencies and optimal cut value

0.8

0.6

Efficlency (Purity)

0.4

0.2

Signal purity
Signal efficiency*purity

Signal efficiency

Background efficiency

5!_'\|5+B

IIII[IIII[IIII;IIII'IIII

03 0.2
Cut value applied on BDT output

0.5 0.4

=0
0.1

Significance

AdaBooost weight distribution

Boost weights vs tree

error fraction vs tree number

R i e B e S £ [T T 1 g FTTTTTT T e §
450 3 ?““_— . "E’-s_— 3
E S| ] & ]
400 E =00 7 G50 =
E S r ] 2.5 7
350 E [ b @

E 1000 .

300 E [ ]

250 3 soof ]
200 - o0 |- - ]
150 = [ ] oz2fF 4
E 400 |- ] o ]
100 E - 1 [ ]
3 o 1 01 ]
50 3 200¢ ] g ]
| L c v vt d oL R INEENE TERE T Lt ] Coc b b b b b b g
00 5 10 15 20 25 30 50 100 150 200 250 30D 350 400 00 50 100 150 200 250 300 350 400
boost weight #trea #trea

nodes after pruning

50

#trea nodes

100 150 200 250 300




TMVA overtraining check for classifier: BDT

TMVA
% 19 " Sibral (fest bampiey | " | | = Gignal (irdining sample) " T
= 1] Background (test sample) | | = Background (training sample) -
=
E- 8 | Kelmogorov-Smirnov test: signal (background) probability = 0.000214 (0.0759} |
E— L 4
6 — —
4 — —
2 - —
0

05 04 03 02  -01 0 0.1
BDT response

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




Correlation Matrix (background)

Linear correlation coefficients in %

of vertices FIER T R TR e e 100
udo vertices 18884 2.2 2 13 66 8
ustering y56 | i i ener s T T 42411411 514 4 7 124002-20  |:]i]
PPN 1617-9 3-517-119 621 -9298 3367 6 10@7 2
bn pair mass [ 714 i o 1 1 1 1-54 710011 -1
45 -3156224-5 100-7 6 7 6 1Gmmlll

lepton pairs I
best mW 414 3 641 +13001 7 4
bs mass diff -1 3161191 -414 2819-6 -20915-5 -3614 -1 40
-1 g 33 -28-4002 1241 3 5 81

er of muons 11012 3 g

ST 3 4-1114-26-36-1 47 -32300-2-6 162-5 81161
R T 5436241210-783-480 1634 -a0@5 819 415 12980 61 20
thrust [ f & 4-413 1-3 100-8-3-228-6-3 -911
tion of Z jets 1 100 1 1 0
Zstrmass | | i oo 100 -3347 314 5 121243 6
Zmass [ . F i & | 100 1164 3-4 34 6 4 1 4
str cos theta 1 -1300 =20
Z cos theta 10018 -1 -

Zstr energy 832 722000 -769 @0639 5119182 6
Zenergy [t e T La SrmrEE T e ~4.0

Higgs Mass 33 3 30972 4336 416 15 117152 7

HE Electrons zuzu 1-9 61003 1 6-3 4-7-2 34 -5124 - -60
TR 2 Hi0006 34 20 142 104 31 3 3 -82

B Likeness | i (i [ 0o 241 121112 101 -3887

PTvis JETS | roo Dle g o oy e e B S B T e S s N - 80
Mvis JETS ELDL zzm! 29 4364 423 52177 3

Evis JETS DL‘BESZ-Z 12 1929 4 3 -1 4 216 6 2 _100




Correlation Matrix (signal)

b of vertices [T L LN I IR 100
YWY 2 3 cME 06223 4 3 2147 66-22-1 1 4006

ustering y56 | 1oL IlL iy ey T S e e e T | N 0 ()
TEENIPE=" 8343431 1 2 718115 1 712 -3217 6391 7400191 3

bn pair mass 21 13414 122 -2-3-2

lepton pairs [ |- Ut o 13 1 60
PN 191912-2-110143015 3412 -2-1 1 310004

L k525180 -7 -+1228159 -12411 1133510-30910-6 40

AL RaIa11 S 199 83 2103 S5-5-0005 3'
1

AT M3 1135 84 87 12300810 -3 713 716
hrged Tracks | L oo R 923 -140@3-535-1-3 -2213514 20
G R1E1817-2 -21311-5 4-4 10904-7-513-2-7 -314-2-3
tion of Z jets 3 -1 1 =1 100 1 : 2 0
Zstrmass | |- 372  -1300 4237 31412 1-21280 3 6
r A Y B0a839-3-325868117 1001314 9 810213413 2 7 1
lstr cos theta 11 -1 -2800 -2-1 11 141 =20
Zcostheta | 1088 -1

R e A 22013 5-1-5602800" 4772 15268 3915 211520 3 7

Z energy 30-5-42588 008 3954112 5 8158012 3 1593 Gl
CINTNEY L EYPR 606446 2 -313006060 -1856da -133013 9281412 118232 6
HE Electrons | -~y 2l e 0 256 -226 11121023 7-5-616 -60
C likeness [ty s LDl B B -3 1 411512199
IRl 2 3-10910142-55 -1-35 3-227139-7-2 5-2 1 54878
SUCRACR 7679005 122463013 3911 1MSITIEI21a Swrsm B
Mvis JETS ELDIvg E& 15 -18821714531918 223 7

Cut table for BDT: (NEW)NEW:



cuts__ (Cut Nane ): al | ot hers

2f 4f 6f aa 1f 3f 5f q e+nu tau nu Signif.
cut #0 (all ): 7.769e+07 625000 14507062 1019938 0
54073784 0 7464875 0 948 91 45 262 0.15 Delta(sig*BR) = 6.548594
+/ - 0.046879
cut #1 (y34>0.y34>0. ): 7.705e+07 625000 14449800 1018312 0
53568784 0 7387500 0 947 91 45 262 0.15 Delta(sig*BR) = 6.523157

+/- 0.046724

cut #2 (95.<hmass<140. 95. <hmass<140. ): 1.257e+07 150000
10264438 825238 0 387992 0 938000
0 901 86 43 213 0.35 Delta(sig*BR) = 2.854636 +/- 0.021075
cut #3 (25.<PTvi sJETS<70 PTvi sJETS no cut ): 5.637e+06 25000
4545812 744212 0 8750 0 312125 0
866 84 37 180 0.49 Delta(sig*BR) = 2.033046 +/- 0.015436
cut #4 (nTrks>5 nTrks>5 ): 3.826e+06 0
2957175 679838 0 8750 0 179500 0
866 81 36 176 0.59 Delta(sig*BR) = 1.688536 +/- 0.012688
cut #5 (jetthrust no cut jetthrust < 0.98 ): 3.826e+06 0
2957175 679838 0 8750 0 179500 0
866 81 36 176 0.59 Delta(sig*BR) = 1.688536 +/- 0.012688
cut #6 (ej 1<120. ej 1<120. ): 2.144e+06 0
1480162 539312 0 8750 0 114500 0
844 78 35 176 0.77 Delta(sig*BR) = 1.292336 +/- 0.009952
cut #7 (MWA ): 9.252e+02 0
50 712 0 0 0 0 0 79 27 3 53 5.35 Delta

(sig*BR) = 0.186991 +/ - 0.010382

Remaining backgrounds: (NEW)

$ sed 's/\./,/g" zzhpassing.dat | awk '{if (NF==18) print $3,$7,$15}' | sort -n | uniq -c | awk '{if (NF==4)
aa+=($1*$4);print $1*$4"\t"$0} END{print "Sum of weights = "aa}' | sort -k 1,1 -n
Sum of weights = 762,5

12,5 1 106561 4f sz 12, 500000
12,5 1 106564 4f _sw 12, 500000
12,5 1 106573 4f _zz 12, 500000
12,5 1 106580 4f _zz 12, 500000
12,5 1 106607 2f_z_ 12, 500000
25 2 106551 4f _ww 12, 500000
25 2 106562 4f _sz 12, 500000
37,5 3 106575 4f _zz 12, 500000
37,5 3 106608 2f _z_ 12, 500000
50 4 106578 4f _ww 12, 500000
62,5 5 106572 4f _sz 12, 500000
100 8 106574 4f _zz 12, 500000
125 10 106577 4f _ww 12, 500000
237,5 19 106576 4f_zz 12,500000 <----
Plans:

® just noticed that the preselection nTrks cut is on the PFO count and not the #charged tracks distribution shown so | will switch to
using the charged tracks count in the preselection
® may still be able to do better with the leptonic Z decay selection
© high evis events with well reconstructed leptonic Z decays and a clear 6 jet topology (using y56 cut)
® write report
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