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analysis strategy and status
cu o H @ 500GV

: main backgrounds in each mode:

+ 1IHH: llbb (ZZ, yZ, bbZ), lvbbqq (tt-bar), llbbbb (ZZZ/ZZH) preliminary
+ vvHH: bbbb (ZZ, vZ, bbZ), tvbbqq (tt-bar), vvbbbb (ZZZ/ZZH) ongoing
+ qqHH: bbbb (ZZ, vZ, bbZ), bbqqqq (tt-bar), qqbbbb (ZZZ/ZZH) preliminary

after isolated-lepton selection (or rejection) and jet-clustering, a neural-net
is trained for each dominant background process (in total 9)

to make the result stable, high statistics is necessary

main improvements to the Lol analysis:

+ Dbetter flavor tagging (tracking, PFA, LCFIPlus, B-baryon fixed)

+  Dbetter lepton selection (muon detector, vertex constrained,
bremsstrahlung and FSR recovered)




flavor tagging performance in qqHH mode

bbcsdu .vs. qqHH
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Isolated lepton selection (11HH)
(Etot = Eecal + Ehcal)

electron ID muon ID

Eecal /Etot > 0.9 Eyoke > 1.2
0:5=Efot/ P Etot/P < 0.3

from primary vertex from primary vertex
P>12.2 + 0.87Econe P >12.6 + 4.62Ecaia

—— e*e’hh (recovered)

Normalized

BS and FSR recovery adapted from ZFinder
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(much better for DBD)

uuHH | bbbb | evbbqq

—— w*uw’hh (recovered)
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€ e — ZHH — (qq)(bb)(bb) — qg + 4 bjeHN

|28 e-selection: +generator: Whizard 1.95
+simulation: ilcsoft-v01-14-01

+reconstruction: ilcsoft-v01-16
+flavor tagging: LCFIPlus

o isolated-charged-leptons rejected
o 6-jets clustering (LCFIPlus, Durham)

e combine the six jets by minimizing, and require the b tagging

5  (M(b,b) — Mg)?  (M(b,b)—Mg)?* (M(g,q) — Mz)?
s 5 2 5 i 5
O, L Oy

requirement implied in the pre-selection:

» b-tagged four jets from two Higgs (b-likeness > 0.16)

final selection:
o separate to two categories: bbHH dominant and light qqHH dominant

o train the neural-nets, each event is also reconstructed as from ZZ, tt-
bar, ZZZ and ZZH, and various variables are input to NN

optimize the cuts on NN-output and tighter b-tagging



some distributions (qqHH)
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-preliminary

- P(e-,e+)=(-0.8,40.3)

reduction table
Eem = 9500GeV, Mg = 120GeV

(probZ1+probZ2 > 0.56)
/ Ldt— b

qgqhh(qgbbbb) | 310(129) | 3.73x10° | 111(85.3) 26.7(23:0) 25.9(22.8) [20.6(18.8)]20.1(18.4)|20.0(18.3) &w
bbbb 4.02x10% | 7.19x10° | 22889 2289 2259 9.04 8.06 7.94 3.32
lvbbqq 7.40x10° | 3.56x106 | 17240 516174 |70 8.47 6.69 6.69 0.03
qqgbbbb 140 3.03x10% 82.3 13.6 i 7.43 6.96 3.94 2.36
bbuddu 1.56x10° | 8.87x10° 565 b a2 8.82 6.73 6.73 (78
bbcsdu 3.12x10° | 1.26x10° 6109 86.8 86.4 61.6 44.6 44.1 241
bbcssc 1.56x10° | 1.17x106 | 12456 256 254 127k 126 125 4.71

qqqqH(ZZH) 381 not available yet
ttqq 2169 not available yet

BG 59342 3013 2790 273 199 197 11.0
bbHH dominant: s =124 nb— 110 =2 @&

samples of ZZH and ttqq are already available, to be added soon




-preliminary

- P(e-,e+)=(-0.8,40.3)

reduction table
Eem = 9500GeV, Mg = 120GeV

(probZ1+probZ2 < 0.56)
/ Ldt— b

qqhh(qgbbbb) | 310(129) | 3.73x10° | 111(85.3) 84.3(62.3) 80.9(61.8) [66.9(53.5)|45.9(37.7) |44.5(36.6) \Z'zlili&)
. bbbb 4.02x10% | 7.19x105 | 22889 20600 20282 152 62.9 535 25.6
lvbbqq 7.40x10° | 3.56x10¢ | 17240 16884 7937 536 115 105 1.36
qqbbbb 140 = |3.03x104] 82.3 68.7 68.3 42.5 20.7 14.9 7.03
bbuddu 1.56x10° | 8.87x10° 565 554 550 434 105 992 1138
bbcsdu 3.12x10° | 1.26x106 6109 6022 5987 4559 977 917 254
bbcssc 1.56x10° | 1.17x10¢ | 12456 12200 12115 9181 1655 1556 192
qqqqH(ZZH) 381 not available yet
ttqq 2169 not available yet
BG 59342 56329 46939 14906 2936 2745 894
light qqHH dominant: ns 214 nb-—_ 890, - e




e HIT - (ID(0b)(6b) — [T b

full simulation @ 500GeV

|28 e-selection: +generator: Whizard 1.95
+simulation: ilcsoft-v01-14-01

+reconstruction: ilcsoft-v01-16
+flavor tagging: LCFIPlus

e two isolated-charged-leptons
o 4+jets clustering (LCFIPlus, Durham)

o combine the six jets by minimizing

o (M(b,b) — Mu)? (M(b,b) — Mu)?
e 9 s 2
OH, OH,

requirement implied in the pre-selection:

o IMA)-M(Z)l <40 GeV

final selection:

o separate to two categories: electron-type and muon-type

o train the neural-nets, each event is also reconstructed as from ZZ, tt-
bar, ZZZ and ZZH, and various variables are input to NN

optimize cuts on NN-output and b-tagging



neural-net output (11HH)

TMVA response for classifier: MLP
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preliminary

- P(e-,e+)=(-0.8,40.3)

reduction table

Eem = 9500GeV, Mg = 120GeV

(muon-type)
/ Lt — Jabi

IThh(llbbbb) |46.5(19.3) | 3.88x10° | 26.5(11.0) | 13.3(5.53) | 13.0(5.38) | 10.6(5.24) |10.4(5.23) 5.76(4.79)\4.47(3.76)/
eebb 2.84x10> | 4.18x10¢6 3950 0 0 0 0 0 \O/
uubb 4.96x10* | 1.00x10¢ 1944 1943 1750 %553 72.8 7.28 2:59

evbbqq 2.48x10° | 1.51x10¢6 2437 0 0 0 0 0 0
uvbbqq 2.46x10° | 1.48x10¢6 239 215 957 65.7 SRES 2.78 0
tvbbqq 2.46x10> | 1.35x10¢6 156 7.76 2.62 1.82 0.80 0 0
bbgqqq 6.24x10> | 3.90x106 107 1.09 0 0 0 0 0
bbbb 4.02x10* | 1.02x10¢6 5.84 0.08 0 0 0 0 0
llbbbb(ZZZ) 69.5 1.06x10° 15.0 /D7, 7.10 592 5.90 5.38 1.29
- llgqgh(ZZH) 157 6.30x10* 138 69.7 68.4 54.3 54.0 12.8 2.36
BG 1.74x106 | 1.46x107 8992 2244 1924 201 167 28.2 / 5:9%
muon-type: nS =45 nB =60 - | 2a
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preliminary

- P(e-,e+)=(-0.8,40.3)

reduction table

Eem = 9500GeV, Mg = 120GeV

(electron-type)
/ Ldt— b

IThh(1lbbbb) |46.5(19.3) | 3.88x10° | 26.5(11.0) | 13.1(5.50) 12.3(5.18) 10.1(5.02) |8.60(4.57) 4.64(4.08)\3.73(3.30)/
eebb 2.84x10° | 4.18x10¢ 3950 3950 2762 75.4 57.8 3.88 \0?31/
upbb 4.96x104 | 1.00x105 | 1944 0.74 0.10 0 0 0 0

evbbqq 2.48x10° | 1.51x10° 2437 2437 928 675 DN 1.93 0.46
uvbbqq | 2.46x105 | 1.48x10¢ 239 245 0.52 0.36 0 0 0
tvbbqq 246> 0015 1:35x10°0 156 148 38.6 30.3 1556 0.25 0
bbqqqq | 6.24x105 | 3.90x106 107 106 3.93 3.93 1.04 0.16 0.16
bbbb 4.02x104 | 1.02x106 5.84 5.76 0.10 0 0 0 0

1Ibbbb(ZZ7) 69.5 1.06x10° 15.0 7.42 6.69 5.44 4.68 4.18 0.97

’ lquh(ZZH) 157 6.30x10% 138 68.1 65.0 e 46.9 9.92 1.93
BG a74>ali00: 4 41 46107 8992 6748 3806 842 138 20.3 g 450

electron-type: nsS=37 nBb—-43 |l la
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Status of DBD analysis preliminary

P(e-,e+)=(-0.8,0.3) et e a i o 7T M(H) = 120GeV / Ldt — 221 8

significance

E GeV back d
nergy( eV) e ol excess measurement

(D) (1)

1.50 TG

ZHH — (11)(bb)(bb
1.50 1:2@

ZHH — (v)(bb)(bb

ZHH — (qq)(bb)(bb

qqHH mode only, significance is already as same as using all modes in Lol
IIHH mode into two categories is helpful

vvHH still ongoing
samples @ 500 GeV are more or less ready




samples request for vvHH @ 1TeV
(http:/ /www-jlc.kek.jp /jlc/sites /default/files /users/tianjp /vvhh 1TeV new.list)

ID | Process | Polarization (e-,e+) | X-Section / fb | Expected Events | Generated Events
1106801 nlnlhh (=1,+1) 0.274 295.92 100000
1106802 nlnlhh (+1,-1) 0.014 1.12 20000
I106803 n2n2hh (=1,+1) 0.0218 23.544 100000
1106804 n2n2hh (+1,-1) 0.014 1.12 10000
1106805 n3n3hh (=-1,+1) 0.0218 23.544 100000
1106806 n3n3hh (+1,-1) 0.014 1.12 10000
1106807 nlnlbbbb (=1,+1) 0.572 617.76 100000
1106808 nlnlbbbb (+1,-1) 0.00389 0.3112 10000
1106809 n2n2bbbb (-1,+1) 0.0147 15.876 100000
I106810 n2n2bbbb (+1,-1) 0.00387 0.3096 10000
I106811 n3n3bbbb (=1,+1) 0.0147 15.876 100000
1106812 n3n3bbbb (+1,-1) 0.00387 0.3096 10000
1106813 bbnleldu (-1,+1) 52.8 57024 300000
1106814 bbnleldu (+1,-1) 17.3 1384 30000
1106815 bbnlelsc (-1,+1) 52.4 56592 300000
I106816 bbnlelsc (+1,-1) 17.26 1380.8 30000
1106817 bbn2e2du (=1,+1) 48.8 52704 300000
1106818 bbn2e2du (#1,-1) 17.3 1384 30000
1106819 bbn2e2sc (-1,+1) 48.8 52704 300000
1106820 bbn2e2sc (+#1,-1) 17.28 1382.4 30000
1106821 bbn3e3du (=1,+1) 48.8 52704 300000
1106822 bbn3e3du (+1,-1) 17.28 1382.4 30000
1106823 bbn3e3sc (-1,+1) 48.8 52704 300000
1106824 bbn3e3sc (+1,-1) 17.26 1380.8 30000
1106825 bbuddu (=1,+1) 66.1 71388 200000
1106826 bbuddu (+1,-1) 23.6 1888 20000
1106827 bbecsdu (=1,+1) 131.8 142344 400000
1106828 bbcsdu (+1,-1) 47 3760 40000
1106829 bbecssc (-1,+1) 65.9 71172 200000
1106830 bbcssc (+1,-1) 23.5 1880 40000
1106831 nlnlccbb (=-1,+1) 0.932 1006.56 50000
1106832 nlnlccbb (+1,-1) 0.00762 0.6096 10000
1106833 n2n2ccbb (-1,+1) 0.0283 30.564 50000
1106834 n2n2ccbb (+1,-1) 0.00758 0.6064 10000
1106835 n3n3ccbb (=1,+1) 0.0283 30.564 50000
1106836 n3n3ccbb (+1,-1) 0.00758 0.6064 10000
1106837 nlnlbbh (-1,+1) 2.894 3125.52 50000
1106838 tth (=1,+1) 6.23 6728.4 100000
1106839 tth (+41,-1) 2.8 224 10000

Frank and Jan will help generate the samples (many thanks)

(now I'm preparing the generators to adapt DESY-site)
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http://www-jlc.kek.jp/jlc/sites/default/files/users/tianjp/vvhh_1TeV_new.list
http://www-jlc.kek.jp/jlc/sites/default/files/users/tianjp/vvhh_1TeV_new.list
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result of Lol analysis

focus on the ZHH @ 500 GeV, M(H) = 120 GeV.
three decay modes of ZHH (Z-->11, vv, qq, H-->bb) are investigated, based

on ILD full simulation.

@ALCPGI11

neural-net methods are used to improve the background suppression.

+ effects of different beam polarizations are checked.
M(H) = 120GeV / Ldt = 2ab &

P(e-,e+)=(-0.8,0.3)

ol Lo 7T

Energy (GeV)

signal

background

significance

excess

(D)

measurement

(1)

6.4

6.7

2o

1.70

0

7.0

1.70

140

8.5

e

220

1.90

16.6

129

140

1.30

precision of cross section: 32%

- 0.07 tb

precision of Higgs self-coupling: 57%




