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e Aim 1s cross-section and mass measurement for the process

ete-— HA — bbbb at Vs = 1 TeV.

e Integrated luminosity of 1000 fb-! is assumed.

e Generated sample of HA—bbbb signal using Whizard, Pythia used for
decay, with following specifications:

mH = mA = 400 GeV

:
same mass for both particles, 400 GeV |

tanp = 10 osf- DI
x-section: vs = 1 TeV 2.38 fb 3 R
prominent decay into bb(bar) " E
Branching fraction for H — bb 77% 3 L ,::'

A — bb 65%

e HA production is usually independent of tanf but branching fraction

depends on the tanf.
HA—bbbb LCWS2014
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4 jet events are selected using mass reconstruction.

e Reconstruction using ChiSquare minimization

-- same mass 1s assumed for both particles

Mi'—M 2
X2 _ 2 ( JOHZ k1)

-- three set of jet pairs possible
-- set of jet pairs with minimum ChiSquare are selected
-- Sigma from truth matching reconstruction fit 1s used.

e Reconstruction using truth-matching

-- associate the reconstructed jets to generated b-quarks from
H/A decays using minimum AR between the jet and parton.
-- in case of duplication, next minimum AR is selected.

HA—bbbb LCWS2014
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Truth match jets : Durham

(mH+mA)2 |

TITrTJrrry | i kb i | ki

. | ChiS
Entries 24969
Mean 400.3
RMS 53.42
| 22/ ndf 1.139/1
Prob 0.2858
Constant 2410 £ 38.7
Mean 4029 +1.1
| Sigma 30.78 +3.12

ChiSquare selected jets : kT

[  (mH+«mA)2 |

™ L3 2

PP BT TR

ChiS
| Entries 24969
Mean 361.1
RMS 63.32
| 2%/ ndf 0.1357 /1
Prob 0.7126
Constant 2465 + 37.7
Mean 3949 +08
| Sigma 2351+ 1.41

—

700 800 900 1000
GeV

kT algorithm with R=1.5

[  (mH+«mA)2 |
_ . —— Truth matched

g - Entries 24969
= Mean 379.1
?m,_ | RMS 47.04
3 - 22 / ndf 1.8/1
. Prob 0.1797
2000— | Constant 2843 +40.7
- Mean 3953+08
Sigma 246+15

1500 — -

1000(— .

500/ N

T - i P s 4 PPN T T T e

% 00 200 500 700 800 900 1000

GeV

kT algorithm removes some of
beam backgrounds resulting in
Better resolution.

Chi square selected kT jets used
for analysis.
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SM Backgrounds

Main backgrounds giving same final states are
bosons related:

e
o

7 hadronic Cross-sections at (-0.8, +0.2) polarity
/.7 hadronic Cross-sections (fb) | eL.pR | eR.pL
Signal 227833 | 0.108
Z7ZWWMix hadronic Z had 5062.662 | 208.134
tOp pair related 77 had 162.806 4.61696
- all decay states WW had 1811.6784 |0.3517804
. 7ZWWMix had | 1509.4836 | 1.1612
tth : consists of decay states e e | 0106
tth-212nbb-hbb, tth-212nbb-hnonbb h 3 184 0106
tth-In4q-hbb, tth-In4q-hnonbb o 381691 | 0174635
tth-6g-hbb, tth-In4g-hnonbb ttbar 436.489 | 1.17792

ttz : all decay states.
. ttbar decaying to 6 fermions.

All samples generated using Whizard and Pythia.

HA—bbbb
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EVis Transverse
00 ~ Bsewo 2 Preliminary Cuts:
2500 Sl tacroic Cut 1 : Principal Thrust < 0.9
200 - awragene Cut 2 : Major Thrust > 0.3
- [ N R B S B Cut 3 : DPhi jet pairs > 1.0
- | | dandi B Cut 4 : Transverse EVis > 250
5°°°P\" ET > 250 GeV E—
% — 2c;o 200 500 800 1200 (mH+mA)/2
gzoo .TI B U R f‘l | P A4 ‘[ I S II{ L P S S ‘[ B SN S | T{ R P SN S ] B SN S B
iooo—=] Signal
ygoob— 2 hadronic
. . ‘cooF =1 ZZhadronic L b
After applying cuts still lots of = | WW hadronic
K lof 1001 2ZWWix hadronic 5
bac ground eft. PO R i = — — PR S S—
So we will use TMVA analysis ‘°°°E§’z‘” ‘
for further separation of signal soof—— toar Lt
from backgrounds. 400FT =
O— o 1(;0 260 300 400 5(;0 ' '6(')00'"‘; ('G '5?0
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il l
Sample | Signal Z 77 WWwW 1/ZWW ttbb tth ttz ttbar S/
o hadronic | hadronic | hadronic | hadronic \/S +B
Total | 2386.33 | 5270800 | 167423 | 1812030 | 1510650 | 3290.41 | 3290.38 | 7745.81 | 437667
Cutl | 235028 | 745221 | 29138.9 | 171006 | 145472 | 3104.42 | 3273.35 | 7601.03 | 308032
Eff % | 98.49 14.14 17.40 9.44 9.63 9435 | 9948 | 98.13 | 7038 1.98
Cut 2 1993.37 | 283567 | 10291.5 | 54032 | 46166.2 | 1260.97 | 1885.97 | 3902.8 | 96106.5
Eff % 83.53 5.38 6.15 2.98 3.06 38.32 57.32 50.39 21.96 2.82
Cut3 | 1528.52 | 145172 | 5739.32 | 29381.9 | 251599 | 802.79 | 126729 | 2526.36 | 57637.7
Eff % | 78.69 2.75 3.43 1.62 1.66 2440 | 3852 | 32.62 13.17 2.95
Cut4 | 1308.1 | 34183.2 | 2116.57 | 106923 | 9051.87 | 592.79 | 928.84 | 1802.94 | 33083.1
Eff % | 54.82 0.65 1.26 0.59 0.60 18.02 | 2823 | 2328 7.56 427
After applying these cuts :
Signal events : 1308
Background events : 92452
S/VS+B =427
HA—bbbb LCWS2014
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Variables used for BDT training:
- BTag value for jets
-Y45,Y56,Y67,Y78 2000

Classifier

next jet cluster) 16002 "B Z hadionic | 3
After applying all the cuts  ™F e |
1000— s : —

half of rest of events were = | Elth T
- = n=| e

used for training and other  ,F S=vA -
half for testing. 400/ o —
1_ l0.18l l—1

Classifier output 1s shown where we can see background events are
peaking 1n -ve side and signal events are peaking in +ve side.

HA—bbbb LCWS2014



Clear separation of Signal.
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A H3a 0,
&5 BDT analysis 1
"«g:f@’ "b
RO
sample | Signal | 2 Zz | WW ) ZZWW - ¢thh | tth ttz | ttbar | S/
Cuts hadronic | hadronic | hadronic | hadronic \/S 4B
Total 2386.33 | 5270800 | 167423 | 1812030 | 1510650 | 3290.41 | 3290.38 | 7745.81 | 437667
All Cuts | 2350.28 | 745221 | 29138.9 | 171006 | 145472 | 3104.42 | 3273.35 | 7601.03 | 308032
Eff % 54.82 0.65 1.26 0.59 0.60 18.02 28.23 23.28 7.56 4.30
BDT 697.21 183.19 48.28 0 23.28 87.17 87.24 71.63 529.56
Eff % 29.16 0.003 0.03 0 0.001 2.64 2.65 0.92 0.12 21.68
(mH+mA)/2
g8 "I B B S =
 %oF S siona g e
gob—...Zhadronic . o =
. = [ 2Z hadronic =
Signal events . 697 GOE_DZZWWMiXhadm"'CM . ” E
s ttbb. B S — B S
Background events : 1030  E5um B 43
=03 ; =
SWS+B = 16.77 o o E

200

100

© T

HA—bbbb
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2 kT - R values Hh
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(MJ1J2+MJ3J4)/2
B LI I LB l LI L L I LN B | I LI A A l LI I LA B I LI B B I LI M_NOBg E ] I E_NOBg
0.1 ——_N°;>9v- . | E l : E 5 . |Entries 10000 0.09 ;_—'No bg -------------- Entries 10000
- —kT 1 Mean  345.3 0.08—— T 11 Mean  889.8
I et R R -I. . |RMS 6265 007E K15 RMS 8394
: | . M_kT.—1 '1 0065_ ........................ 4 E_kT_1 * 1
: Entries 24742 = Entries 24742
11 e L B 1 e S . 005__ ................... v
0 Mean 3434 : Mean  889.8
o0sl_. RMS  65.35 1 RMS  94.69
0 i : —_—
: M—kT_1 .5 0.03.:_ ........................ =l E_kT_1 .5
0.021— Entries 24742 0.02— Entries 24742
: Mean  361.3 0.01)— Mean  925.2
B RMS ___63.74 | S RMS 9252
0 WU TOUU 0 200 TRUU

R=1.1 gives better matching, so will use this value.

HA—bbbb Abhinav Dubey



“‘:3 Quark/Truth energy based correction ,"”":

TOHOKU
— Profile
Energy f(x) = p0 + pl(x)
T VUS_N_JUUPY. DU PO N UURUS PN DUV RN NUW DYON UUSUNNEEN URUN JOUFN WUUSL NN SURS MUK JUUU NI URPY SO WEUIN_SEE_ U DY mmm
L L L L L LIS L, ) L LI MC Truth gm:pﬁ = 66.24 +/- 0.69 W -
X | ~uan [Entries 98968 B 01 = 0TE12 4/ 0009 f & S
" : T A
2000}— = Yruth matched jet Mean 2222 ¢ 300 — - ++ H'tl pl : l =
x |RMs 8633 f f 'I) T3
] Quark 250/ — .
L | S W S W - ———— ) E + N hprof E
B |Entries 98968 200 :# ’mm Entries 98968 |-
- Mean 2426 - ) Mean 2224 (]
B - e Mean 2423 |
1000 “T|RMS - 79.52 190 ' RMS ’ 86.27 |-
i . - RMS y 79.55 |
B N - %° I ndf 67/36 |2
500(— - = Prob 0.001293 |-
- ) o po 66.24 + 0.69 [
- [ . s 1 1 C(P1_0.78120.0029 |7
o— A i A l e L ' L 1 s e A L 1 L ' s s . s ' A m oo 1w m aw m
0 100 200 300 400 500 800 Truth matched jet energy
(MJ1J2+MJ3J4)/2 (MJ1J2+MJ3J4)/2
0.12F M_Corr RARRE R e e e e e e A e M_Corr
N Entries 22942 0.14— | | Entries 16640
| = = NoCorr
0.1— Mean 388.5 012l Mean 399.9
= RMS 51.07 : ~ Cotr RMS 44.54
0.08/— M_NoCorr R M_NoCorr
N Entries 24742 0.08— Entries 17955
0.06_— Mean 343.4 E Mean 357.9
N RMS  65.35 0.06/— RMS  55.63
0.04(— - -
" i 0.04— -
°.°2>— -—-: : . :
- : 0.021— E j-[100 =400 GeVL
OP ST | D | R | R || ol e Ll P L
0 900 1000 0 100 200 300 400 500 600 700 800 900 1000
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) Conclusions and Plans i
L ok IR HU

TOHOKU

.........

® Have to completely understand beam background, so that proper
b-jet energy corrections can be applied.

® Trying to find some way to tag leptons inside jets, no success yet.

® Will complete mass and cross-section measurements at tanf and
also evaluate systematics.

® Next plan is to set a limit independent of mass and tang.

HA—bbbb Abhinav Dubey
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Mass : Truth matched jets Mass : Chi square jets
(MH+MA)/2 (MJ1J2+MJ3J4)/2
R e e e e e M12 R B o e e e M12
; —no OVerlay Entries 10000 : —no oyer'ay Entries 10000
04 durham Mean 3623 0.08 ~_— durham Mean 3453
- —kTR=1.5 RMS 4267 - —KkT R=1.5 RMS 6265
. M34 B - —
- 0.06+—
0.06— :
[ M : 0.04—
004 M910 I M310
om_ Entries 10000 0.02— Entries 10000
Mean 366.6 i Mean 348
. |RMS  47.45 - RMS 6459
% 100 200 300 400 500 600 700 800 % 100 200 300 400 500 600 700 800
GeV GeV

Total visible energy

Energy
0.=: e A SR S e S e a e E 1
0.095——no overlay Entries 10000
0.08—— durham Mean 8899
omé_kT R=1.5 RMS Hmaa.os
0.06—
0.05—
0.04F— :
003 ES
i é— Entries 10000
r Mean 8999
0.01—
E RMS 93.03
400 1400
GeV
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TMVA overtraining check for classifier: BDT

b
O
~N
£ 6
<
=

TMVA

7 T T T T T T T T T T T T T T T T T T T T
:- Sigjnal (test sclzmple) | e Signal |( training slample) |

E Background (test sample) ® Background (training sample)

_ Kolmogorov-Smirnov test: signal (background) probability = 0.083 (0.282)

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

w
ORI RN N AN AN Y

0 Aiote f®ip o
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4
BDT response

et
£%, TMVA

e
1"

Cut efficiencies and optimal cut value

Efficiency (Purity)

0.8

0.6

0.4

0.2

. >r — —— Signal purity
e LN | Py Signal efficiency*puri
— Background efficiency . S/#sqrt{S+B}
i i ; i ; ; 3
c
o
A 25 2
i ¥ -
= H : Lo
_ o0 @
- |
_ 15
— =10
events the maximum .
26.6607 0.2 : : i

0
-0.8 -0.6 -0.4 -0.2 0 0.2 04 0.6
Cut value applied on BDT output
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Cos Helicity

e

"o

CosHelicity _J1

htemp

Chi square jet

L

Entries 24742
Mean 0.6086
RMS 0.255

L

&
3
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Truth match jet

Entries 24842
Mean 0.002615
RMS 0.5265

1
Helicity_J1

Helicity Q1
htemp

N Entries 24842
- Mean -0.004547
— RMS 0.577
: Quark

u 1 1

0.5 05 1
Helicity_Q1
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