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Motivations

= To measure triple higgs self coupling, g,,.,,;,and quartic coupling,
guww Via double higgs production

= Divide analysis into sub-channels to increase significance

= Sub-channels: (Branching Ratio for mH=126GeV)

= HHvv->bbWW*vv->bbqgqqqvv
BR=0.119/bbgqglvvv BR =0.114/
bblvlvvv BR = 0.0274

= HHvv—>bbbbvv BR = 0.315

* Independent analysis at
Vs = 1.4TeV and 3 TeV




Strategy

" Veto events with isolated light lepton/tau
= Light lepton and tau finders in MarlinReco
= Boruo light lepton and tau finders
= Simulate forward electron & photon veto for LumiCal and BeamCal
= X2 constraint for jet pairing; b-jet tagging
“ Pre selection cuts
“MVA i.e.

= HHvv->bbWW*vv->bbqqqqvv / HHvv—>bbbbvv is signal
= HHvv->other does not participate in MVA training
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Channel o(y/s=14TeV) / b a(/s =3TeV) /b

e e — HHvVV (0.149 0.58%
e e — qHVV (.86 1.78
e e — ccHVV .36 1.12
MC samples [Mubbﬂw 5 o
e e’ —qqqq 1245.1 546.5%
e et — qqqqll 62.1* 169.3*
e e’ —qqqqlv 110.4* 106.6*
= Many background channels, include ¢ ¢’ qqqqVy 23.2° Lo
e et —qq 4009.5 2048.9
ee%quv and ev%qq Hv eet — qqly 4300.7 5561.1
o e—e+—>qqee 2725.8 3319.6
= yy=2qqHv checked, negligible cross eet = qqVV 877 13175
section “y(BS) —e qqqq 1160.7 1268.7*
“y(BS) —e"qqqq 1156.3 1267.6*
= * and + represents generator cut YEPA) =€ q4q4 T 2T
“Y(EPA) —e"qqqq 286.9 287.8*
m(qq)>50 and 120 GeV (BS) > vqqqq 136,05 .
= BS represents a real photon from Egpfaﬂimq 1322 -
beamstrahlung. EPA represents a “quasi- “y(EPA) - qqqq 32,61 54.2*
real” photon, simulated with Equivalent EE S o =

qqHv 15.7 58.5
Photon Approximation “Y(EPA) 5 qqHY 330" 1.7
“y(EPA) — qqHv 3.30* 11.7*
v[ S)yY(BS) — qqqq 21406.2* 13050.3*
v(BS)Y(EPA) — qqqq 4018.7* 2420.6*
Y(EPA)Y(BS) — qqqq 1034 8* 2423.1*

(
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Mass reconstruction

* HHvv->bbbbvv, 4 jets in the final state

= Minimise y2 = |My, — M3,

" HHvv->bbVWWvv->bbqgqqqvy, 6 jets in the final state

(M12_Mbe)z_L(M3456—MHWW)2_I_(M34—Mwi)2 Fitted M, .,

= Minimise y2 = n MO
X6 O-I?Ibb O-I%IWW O-Ii/i Q:) 120 J(
Y
M c 100/— A:normalisation

" My,,, My,,,,» Myy+,04,,, Oty,y» Oy + are obtained  wi ™|
from fitting of signal events, use HHvv->bbWWvv :

->bbgqqqvv channel, cheated jet pairing o o ]
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B,C jets tagging

" Want to find B jets as signal events contain H->bb

" Based on LCFIPlus with root 5.28. Jet reconstruction,Vertexing and
Durham algorithm in LCFIPlus

= Samples ee->Zvv, Z->cc/bb/uu/dd/ss

, , 3TeV tight PFO |.4 TeV default PFOR = 1.0
“ Primary and corresponding . g
secondary vertices are R 2 M*"j
: . S D -l S .
forced into the same jet. g 3 S/ ff
g‘m ----------------------------------------------------------- 810-2§ ﬁﬂ* f
R S o x/ fffff
10 +  Charm background E ;?/,,&—*"” + Charm backg d
0.4 0.5 0.6 0.7 (;:au:; e.ﬁ:.1 0.4 0.5 0.6 0.7 Ogeal:)i.:; e1:':1




Mutually exclusive pre-selection cuts

= Mutually exclusive pre-selection cuts for HHvv->bbbbvv and
HHvv—->bbVWW*vy, to avoid double counting

"y-parameters and b-tag scanned for the best separation

- 14TeV:Y34<37,sumbtag<23; {1 . F: i

" bbWW 86%, bbbb 78%; Overall 67.06% * ‘| ‘&

= 3TeV:Y34 < 3.6,sum b tag < 2.3 . %QWWW%V e %ngb?b\jdm

* bbWW 89%, bbbb 82%; Overall 72.4% £ ' H:zz = 8 ﬂ;gg

Y S— - = a-

- izz

y34 y34

@

4 jets sum B tag
4 jets sum B tag
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MVA

“Optimised to avoid pairwise correlation whilst
preserving significance

*=HHvv—->bbbbvv, |0 variables
*HHvv=>bbWW*vv, 32 variables

“Smaller cross section. Harder to select signal
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Process O/ Eppel ERDT Ngpr Process o/fb e €gpr  MBDT

HHv,v,: HH — bbbb 0.047  94% 24 % 16 HHv,v,: HH — bbbb 019  66%  24% 61
HHv,v,: HH — other 0.102  29% 0.77 % 0.3 HHv,v,: HH — other 040 54%  32% 1
e'e” —qqqavv 23 6.2% 0.38 % 8 e'e” —qqqqy 547 0.16% 0.16% 3
ete” — qaqqlv 110 16% 0.03 % 7 ete” — qqqgvv 72 1.8% 0.68% 17
e'e” — qqHVV .5 39% 2.0 % 18 e'e” — qgqglv 107 18% 0.15% 6
ey = vqdqq 154  13% 0.01 % 3 ete” — qqHVV 4.7 18%  3.0% 50
ey — qqHvV 30 28% 0.01 % 1 ety —vqdaqg 523 126G  0.09% 11
HHv,7,:HH — bBBWW": 0018  60% 820 1.3 ey —qqHv 16 27% 0.14% ?
WHW~ — qTqq HHv,v,:HH = bbWW"; 007 62%  12% 10
HHv,v,: HH — bbbb 0.047  15% 05% 0.1 WW — qdqg
HHv, v, ; HH — other 0.085 20% 1.7 % 0.5 HHv,v,: HH — bbbb 019  19% 1.5% 1
e'e” —qgqavv 23 17%  0.002% 0.1 HHv,v,: HH — other 034  20% 3.6% :
e'e” —qgqqgly 110 10% 0.01 % 2 ete” = qaqq 547 14% 0.01% 1
e'e” — qgHvVV 1.5 35% 0.1% 0.8 e'e” — qaqgvv 72 90% 0.05% 6
ey = vqaqq 154  22% 0.0045 % 2 ete” = qgqgly 107 73% 0.05% 8
ey — qqHV — 27 % 0.02 % 3 ete” — qqHVV 48 3%  06% 19
eXy —vqdqq 523 15% 0.04% 67
| .4TeV |.5ab"! 3TeV 2ab’! » ey — qqHv 16 27% 02% 140

= Corrected higgs decay branching ratio with LHC results
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Extraction of g, ... and g\\whn

= Full analysis for HHvv—->bbVWW*vv->bbggqgqvv and
HHvv>bbbbwv at Vs = 1.4 and 3 TeV completed. Simple

scaling for g.,.,., sensitivity presented in higgs paper

= Simultaneous extraction of g, and gy Using template
fitting method is work in progress
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Cross section plots, normalised to nominal SM
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Work in progress

Simultaneous extraction of g, and g \whn

= Template fitting

= Samples with modified g,,,,, and g\ whn

= Apply MVA trained with nominal SM couplings
" Perform Chi-Square calculation on the template

_ .2 _ v4 (Expected —Observed)?
A= di=1 Expected
expected is the template distribution, observed is the poisson
fluctuated nominal coupling distribution

,index i is for kinematic bins,

= Event numbers normalised to 3ab-! luminosity
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Chi-Square template

HHvv->bbWW*vy

Work in progress

HHvv—=>bbbbvv
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Work in progress

Kinematic bins: Hrand M,

ww““=1.15

Qs = 1, L 0.95

= Kinematic bins: H, sum of P+ of two
Higgs; M., invariant mass of two Higgs
system
= Motivated by theory paper CERN-PH-TH-2013-161

Number of events
o
A"

o
a

Dt = 1,9 "= 0.85

o

—A

500 1000 1500

H, / GeV
= One example: H: cut at 200 GeV; m .Tr.e,n.d,s reverse

o 03 —— | : —

cut at 500 GeV % i @ e

“— __ By = Vs By = 105 _—|

* Another example: Hy: cut at 150,250, 5 ™ ;

i G = Gy =095 7]

350 GeV; my: cut at 500 GeV 5 o F ]

= Modified couplings samples, plotted T ]

ee>HHvv—>bbWW v after pre-selection cuts. i |
Normalised integrated area to | 0, 500 10000 1500 2000

M,/ GeV
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Work in progress

Toy MC, Chi-square average

= 100,000 toy MC experiments, = 1. 4fe T b T a1
averaged X2 template for T !
combined channel % 1 e o .
(@) "L 423 442 624 862 101410011245 -
" More stable template - | a5 230 390 792 700 821 079 [RR300
% L 261 2.62‘-1.6_3|_2_.83_ 5.45 653 10.08 - 50
u Extr'a_ct contour W|th 2 degr’ees 1|ee.34 3.28 |‘1.1o 1.64‘\3.59 518 6.75 6.53 6.26 6.53 7.56
% L 23261266 7.38\2.24 058 101 1._52': 2.89 594 4.09 566 5.64 _200
Of freedom (®)) | 4563320217.75 712 297 320 262 260 371 347 2.60-

74.27 59.89 49.29 27.44 22.22 15.80 10.08 6.29 6.65 4.08 3.08 (1.21—|> — 1 50

= Dotted line shows |0 (X% =2.3) 0.8} 55.16 2080 1 Moo

= More samples generating l 1 450

0'6-'""----I--171-'89-I....i°7.-'9'7 —'O
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Work in progress

Toy MC, Chi-square average, interpolation

= Slice the template diagonally. 3 1.4F% 7777 % T TTT TR T SEERAS0
: : : T ! {400
* Fit a cubic function, 4 = | e | -
degrees of freedom, for each o 1.2~ = ﬁ;jmﬁfm ) S
I' =~ - 353 3.39 390’7}’7/60/821,9'?9 -7 - 300
slice - §
L 1|;934261 zi :?;igj:2’:?}50’1688675 6.53 6.26 6.53 756: 50
= SmOOth tranS|t|0n between % . /23);6'1265»{38 Zz4 056 1.01 152 2.89 594 4.09 566 564 _200
. -/ 4 2 1f75 / 712 297 329 262 260 3.71 3.17 2.69+
slices o jeﬁ -
= 4.27. 989}9’292744222215801008 6.29 6.65 4.08 3.08 1.214 —150
L. 0.8 ke 55.16 20.60 4.55
= Fitting works well close to : 1 4100
the minimum points - | 50
0.6-.|...-...|..171.-89.|....i°7.-'9*_.O

0.5 1 1.9 2 25

S S / i, sm




Work in progress

Toy MC, Chi-square average, interpolation
Fitting artifact

= Central white: <lo(}*<2.3)
= Quter red: >20()}%> 6)

g = |, %AgWWHH ~ 5%°
g = |, BAgHHH ~ 33% g

= Higgs paper, 2ab’!, only =2
extract g, crude
assumption, %AgHHH = 29%

Work in progress

WWHH,SM
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Conclusion

= HHvv=>bbbbvv and HHvw=>bbWW#vy selection at \'s = | .4
and 3 TeV finalised and presented in the higgs paper. A CLIC
note in writing.

“For g,y and g\ €Xtraction, on-going work.

= Optimising kinematic bins cuts: Try to increase bins, different
cuts.

“More template points being generated

@
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