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€ Improvement after implementing visible energy cut

(separate into visible and invisible Higgs decay)
=» suppress the major BG || v v

€ study of Higgs decay mode dependence
using high statistics sample generated for EACH DECAY MODE
previously at 250 GeV
this time also at 350 GeV
=» improved lepton finder shows effect




Lepton Pair Candidate Selection
opposite +/— 1 charge
e E cluster / P total: <05 (u) /> 09 (e)

| isolation (small cone energy)
- removes nearly all 4f WW_s| BG

e Minv closest to Z mass
« |DO/8DO| <5

Final Selection

*73 < GeV<M_inv< 120 GeV
* 10 GeV < pt_dl < 140 GeV

R ——

o I
Pt,sum Pt,g+ t,dl >10 GeV

| cos(0_missing)| < 0.98

* |cos(0_2Z)| <0.9
*100 GeV < Mrecoil < 160 GeV

e Likelihood cut

Example of
ECM=350 GeV,

Data selections designed to guarantee
Higgs decay mode independence

Optimized in terms of signal significance and
Xsec measurement precision

definition

* M_inv :invariant mass of 2 muons

pt_dl : pt of reconstructed lepton pair

pt,y : pt of most energetic photon

0_missing = polar angle of undetected particles
0_Z =Z production angle

Effective for cutting 1t 1 / ee BG

Use info of most energetic photon
(pt_Y , cone energy)

meanwhile minimize bias on signal

similar methods applied to all ECM and polarizations



ZQP«IJ- Channel 250 GeV : (- 0.8, +0.3)
Require
Evis > 10 GeV

L 120 130 140 150 14
Hecoll Mass [GaV] Recon Mass [Gev

after requiring Evis (visible energy) > 10 GeV i.e. only visible Higgs Decay

* signal peak is apparently sharper
* ly v (ZZWWMiix) BG reduced by a factor of 5

In order to maintain model independence, xsec errors need to be convoluted with results
from invisible Higgs decay analysis (corresponding to BSM)
https://agenda.linearcollider.org/event/6557/session/12/contribution/129/material/slides/0.pdf

the contribution should be small



-1 _______________________________________________________________________________
250 GeV 390 GeV 900 GeV

Improvem Improvem Improvem
new old ent new old ent new old ent
xseclL 2.45% 2.74% 10.58% 3.02% 3.21% 9.92% 4.64% 5.01% 71.39%
xsecR 2.83% 2.93% 3.41% 3.43% 3.55% 3.38% 5.17% 5.33% 3.00%
massL 33.8 37.9 10.82% 86.5 96.5 10.36% 456 448 -1.79%
massR 38.2 38.4 0.52% 97.5 105 7.14% 540 536 —0.75%

xsecZmmL | 2.98% 3.3%9% 11.04% 3.68% 3.90% 9.64% 6.09% 6.90% 6.31%
xsecZmmR | 3.43% 3.97% 3.36% 4.17% 4.31% 3.25% 6.99% 1.277% 3.89%

xsecZeelL | 4.30% 4.76% 9.66% 9.26% 9.63% 6.97% 1.25% 1.86% 1.76%

xsecZeeR | 4.96% 9.14% 3.90% 6.04% 6.26% 3.91% 1.67% 1.86% 2.42%

massZmmL 36 40.4 10.89% 90.2 101 10.69% 479 468 —2.35%
massZmmR | 40.5 40.5 0.00% 104 112 1.14% 280 972 —1.40%
massZeel 97.4 109 10.64% 306 327 6.42% 1500 1540 2.60%
massZeeR 116 121 4.13% 281 296 9.07% 1480 1930 3.27%



From Junping-san’s talk
at ALCW2015

Combined Higgs visible and invisible decay results

250 GeV 350 GeV
xseclL 2.49% 3.08%

xsecR 2.85% 3.47%
massL [MeV] 33.8 86.5
massR [MeV] 38.2 97.5

900 GeV
4.79%
9.24%

456
940



250 GeV :

> 10% improvement in precision of both xsec and mass
Now, xsec precision is better than extrapolated result in TDR
xsec and mass scaled to H20 are comparable with the physics case paper

350 GeV:
> 10% improvement in mass precision
About 6% improvement in xsec

500 GeV:
About 7% improvement in xsec precision

Mass is not improved
Anyways we don’t depend on 500 GeV for precise mass measurement
And mass measurement doesn’t need to be model independent

250 GeV shows most significant improvement because vvll BG occupies > 30% of
residual BG, whereas < 10% for 350 or 500 GeV
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Interesting point that for Zee channel,
dilepton processor efficiency is lower for
higher ECM w.r.t. 250 GeV

due to ZZ fusion process
(e.g. 350 GeV is 10% less than 250 GeV)

c.f. Efficiency for Zmm is nearly
independent of ECM



Until now

Higgs decay mode bias due to both
signal selection AND BG rejection have
been studied / suppressed.

Here are the results proving Higgs mode
independence



Higgs Decay Mode Bias

Problem#l
isolated lepton finder efficiency is lower for H> gg, ww
due to more overlap of jets from Higgs decay

used H>gg mode to train weight for TMVA (before: qqaqg
Now: gg mode suffers almost no bias, consistent efficiency with bb, cc

Problem#2

“wrong lepton pairing” for H> zz, ww

*Even if leptons are from a non—prompt Z, they might satisfy Minv, but not Mrec
leads to low efficiency due to cuts on Invariant mass and recoil mass in analysis stage

IMPROVEMENT: For Zmm channel : select best pair by minimizing chi"2 based on Mrec and Minv
(c.f. before: select pair with Minv closest to Z mass)

Problemit3

Cos(Bmiss) cut and Ptsum cut bias H=> yy . Tt (tolerable ?)
*These cannot be sacrificed due to xsec precision and negligible after weigh by BR
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Prevention of signal bias i.e. Higgs decay mode dependence

* the “traditional” dptbal (=|Ptdl| - |Pt,7|) cut for removing 2f BG

(7 back-to back w.rt. di-lepton) caused signal bias (esp. H> T 7, v 7))

|
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distr. of Ptsum
red: 2f Z BG

*Blue: Higgs

Entries
Mean
RMS

83992
951
17.62

Cut
Pt_sum < 10 GeV

0

v

40 80 80 100 120

140

160
Pt_sum

NEW #1

isolated photon finder: 7 we look

at have small cone energy) not from Higgs decay

NEW #2  Now use

(instead of dptbal)
vector direction info singles out back to back events

t,sum

0)

PDG of 7 for events removed by Ptsum /dptbal cut

( 250 GeV Zmm)

hist

Entries
Mean
RMS

136
23.57
2.862

25: Higgs decay\

22: ISR

N\

+/-13 FSR(u)

ob— 1

10 15 20

25

~100 Higgs decay related y events
removed by dptbal cut !!

need more careful study of
Higgs decay mode bias using high stat sample

truePFO

P _+P

t,.g t,dl

hist

25:
Higgs decay

Entries
Mean
RMS

7
21.14
3.506

P R
00

only < few unweighed
events removed by
Ptsum cut

(~ 0 weighed events)

negligible compared to
statistical uncertainties

12




lepton pairing mistake is reduced for ZZ, WW modes

without additional bias on other modes

250 GeV 350 GeV

2z wWwW e A
Total 100.00% 100.00% 100.00% 100.00%
C1 04 66 98,13 94.40% 97.69%
5

4.63% 0.46% 4.77% 0.59%

Total 100.00% 100.00% 100.00% 100.00%
01 0 A f oYe. 00/, 9564% 9827%
gg 4.26% 1.37% 4.08% 1.42%

3.85% 0.48% 3.68% 0.60%

C1: correct

C2: two real leptons exist, but at least one wrong lepton
C3: both leptons wrong



250 GeV: No apparent improvement on final efficiency (after all other cuts)
350 GeV: improvement shows up in final efficiency !
(rise by 0.5 — 1%, statistically significant)

H—>zz mode BRis very small , sooverall 4.3% x2% ~ 0.09 %
H>WW?* haslarge BR!! = is the remaining bias this a worry ?

- D GeV, OLL

Eff. (%) bb cc og tt vl zz a3

Cutd : 03.63 +/-0.8TE 03.B4 +/-0.876 03.31 +/- 8.8B 04,1 +/-8.876 04,87 +/-8.875 04,13 +/-8.875 03,04 +/-0.876
Cutl : 03.63 +/-0.8TE 03.B4 +/-0.876 03.31 +/- 8.8B 04,80 +/-8.876 04,83 +/-0.876 03,03 +/-8.876 03,03 +/-8.876
Cut2 : 03,17 +/-8.861 03.36 +/-0.870 02.B6 +/-8.862 03,49 +/- B.8B 03,12 +/-8.8B1 02.0 +/-8.8B2 02,05 +/-8,861
Cut3 : 01,80 +/-8,801 01.35 +/-8.8E0 08.B +/-0,802 01.26 +/-8.801 08, +/-0.802 0A. 46 +/-8, 804 0a. T2 +/-0,802
Cutd 08,03 +/-8,802 01.19 +/- 4,80 08,68 +/-8.803 01,80 +/-8.802 0A. 66 +/-8,803 08,33 +/-8, 804 08,62 +/-8,802
Cuth @ 0a.BD +/-0,802 01.16 +/- 8,80 08,65 +/-8.803 08,03 +/-8.803 0A. 61 +/-8,803 08,27 +/-8,805 BE.3E +/- 8.1
Cuth : B7.Td4 +/- 8.1 BB.&7 +/- @.1 B7.54 +/- 8,11 BO.Bd4 +/-8.00B BB.16 +/- @.1 B7.B1 +/- 8.11 65.6 +/- 8.15
Cut? B2.04 +/- 8,12 B3.1B +/- 8.12 B2.B6 +/- B.12 Bi.b +/- B.12 B3.84 +/- 8,12 B2.7B +/- 8.12 62.33 +/- 8.15
Cutk : BE.81 +/- .15 BB. 24 +/- 8.15 67.08 +/- A.15 BE.5 +/- 8,15 B7.8B +/- 8.15 B5.2 +/- 8,15 L6.0 +/- 8,16
Cutd : BE.81 +/- .15 BB. 24 +/- 8.15 67.08 +/- A.15 BB.35 +/- 8.15 B7.86 +/- 8.15 B2.6 +/- 8,15 L6.0 +/- 8,16
Cutlf: Eh.Bd +/- 8,16 55.21 +/- B.16 55.12 +/- A.16 55,83 +/- A.16 Ld. 14 +/- B.16 5A.17 +/- 8.16 4B.BE +/- 8.16

Cut8is final cut before fitting

ke 350 GeV;cNEW tt i

+/-0.8TH 3.B4 +/-0.076 . / ' 1 #0076 AT & S-0,8T5
+/-0.8TH 93.84 +/-0.876 . / ' L A3 +/-0.8T6
+/-0.861 03.36 +/-8.870 . -8, 51 +/- 0,06 A3 /0861
#0801 01.35 +/-8.860 B o+s-0, 002 250,002 JB3 /-0, 803

-0, 802 01.10 +/- 8.80 BB &S0, 803 JAZ e -0, 03 AT -0, B0
-0, 802 01.16 +/- 8,80 JBE /-0, 303 BT &S0, 0803 A w0, B0
#- 81 BB.OT +/- 4.1 Sdos/- a1l ST +/-0, 008 OO -
+#- 8.12 B3.1B +/- .12 BB +/- @12 53 4/~ B.12 JO1 /-
- 8.15 BB.24 +/- 8.15 OB +/- 8,15 BT +/- 8.15 ST #f-
- 8.15 BB.24 +/- 8.15 OB +/- 8,15 52 4/~ 0,15 JBO -
+f- B.16 £5.22 +/- 8,16 A2 /- 816 2+~ 016 BT +f-




Proved that after weighed by SM BR, mode bias is negligible.

eff(final) dev¥BR eff(final) dev¥BR .

82 58% 0.170% 78.14% 0.237% EfF.|C|ency values
82.50% 0.008% 78.14% 0.011% weighed by SM BR
82.50% 0.018% 77.69% —0.003%

82.02% -0.017% 77.32% —-0.026%

81.98% -0.066% 77.44% -0.063% Zee

82.02% —0.007% 75.74% —0.053% 9250 GeV

68.38% -0.032% 64.69% —-0.030%

avg eff: 82.29% avg eff: 717.73%

eff(final) dev¥BR eff(final) dev¥BR
68.02% 0.092% 47.02% 0.225%

68.24% 0.010% Zmm 46.92% 0.008% Zee

67.98% 0.010% 350 GeV 46.77% 0012% 990 GeV

68.67% 0.052% 46.98% 0.022% CN)?:;;II .
67.71% -0.032% 45.88% ~0.162% dragged by ww
66.13% -0.046% 44.79% -0.049%

56.90% -0.025% 47.02% -0.015% Zee suffers more
ave eff 67.86 % avg eff 46.63% from mistakes

upper limit on syst error on xsec from mode bias is
Zmm : 250 GeV: 0.17% 350 GeV: 0.09%

Zee: 250 GeV: 0.24% 350 GeV: 0.23%

well below the smallest xsec statistical error we expect by end of H20 run
(0.8% , scaled from the 2.6% in TDR)




Higgs recoil study using ete- 2> ZH =2 I+l-H (I=pn/ e)

Summ @ ECM =250, 350, 500 GeV
s!c"ur&eg%pact of ECM and polarization on model — independent measurement of ZH xsec

< best-so-far Preliminary results > (both leptonic channels combined)

250 GeV 350 GeV 9500 GeV
xsecL 2.49% 3.08% 4.79% Model independent
xsecR 2.85% 3.47% 9.24%
massL (MeV) 33.8 86.5 456 Combined Higgs visible and
massR (MeV) 38.2 97.5 540 invisible decay

Xsec precision : Higgs mass precision:

* right pol worse by 10-15 % w.r.t. left pol. ECM = 250 GeV
e right pol worse by 10-15 % w.r.t. left pol.

Note : extrapolated results (TDR) for 250 GeV : xsec error 2.6%, AM = 32 MeV
methods are slightly different, hard to directly compare

* Higgs decay mode dependence has been investigated in depth
» systematic error due to mode bias is far below best achievable xsec precision
(most likely for any ECM)

Next Steps: Trying to get started on Higgs hadronic recoil
e as well as the Higgs recoil paper in progress




Higgs recoil Paper in progress !!

work on it during KEKcc shutdown

For co-authors, lets review first draft at end

August

Leptonic Higgs Recoil Analysis at the ILC

July 28, 2015

Ahstract

The expected messurement precision of hmdamental Higgs boson propertics at the [LC has bom
carried ot in a detailed study based on Foll smeslation of the 11O detector as proposed in the Techmical
Mesign Reportfl]. The abscolute cross section of the Higgsstrahlung process %2~ — HE, is indispensible
for extracting brandwing ratses and couplings of all Higes decar modes. The Hipgs reooi]l mass provides
a window into physics bovond the standard model Here, the Higgs is prodooed together with a2 boson
which decays into a well measurable dilepton systerm. This paper shows the n=oles for & = ptp—,
2 — ete™, and the combined resdts of the two leptomic chameds. in socord with the eopected schodule
of pperatam of the sooelerabor. A nalysis 33 camicd ot foe three center of mass 'ﬁr:r_:.ri-:-r- T, B0, and
500 OV, and two beam polarzation scenarios (ete—} =[-8, L2} amd [#0803) Thesn impact
the decisson of ILC nm scomarof]. Methods of signal sclertson are optimasad o ac In.'!.* the highest
preciaim in £H cross section while maintssning Hagss decay mode independence. At 260 O, whach
besst detector rolution s cbtainable, repr can be determined with o procision of 2.3%, and 80 M
For Hgmes rocosl mass. Simslar precsssors in ozp have been shown for 350 oV Feasibslay bave also
biszn shown st 500 Ce, which provades reach for new plhvsscs.

Introduction
The Hole of the ILC in Particle Physics

The: lnternasional Linear Collider (ILC) [1] is o proposed «te~ molbider with o center-of mass snergy rangin
Erom 250 to BN} GV, with possihility of an upgrade o 1 TéS.

The iminn mensuremenes of the Hi oouplings are an integral parct of it plysios prograom.

TRCRLENI 1L et E . Bt eotd enengy depasst 1o oth EUAL e

r meanurend track mremenbam (Fieg) ane |:-:-|r]:-a|.r\-.'d for ench finnl state partic k' T I||'
r iden I||'r|' is that an efectron deposits nearly all iss esergy in che ECAL while a muon in che
ILC energy range possess boch the ECAL and HCAL as a minimal ionising particle Then, prompt
deray i goarnsteed by mequiremeness on the vereex parnmeters Oy and zo, with respect to thedr
mensurement anoertainties. This serves co suppress kepeons from v deoy. The ohaervables and oot
waloes are summarised in Thble 3.3,

2 Furthermare, the keptoos are roquirsd o be isolated so s to peevene picking up leptons from jets
either from Higge decay or WW BG proorsses. This criterin are relatively high P, and emptyness
surmpanding the kpeon. The basic idea is oo require che esengy ingide o oone surmousding che lepooa
to be bekmr a certnin value The isolarion requirement is bosed oo a TMVA based double cone
method with neural nee oueput ||

p 10 e [
mEEHmentam and Fiat » & Ge¥ P > & GeY
energy deposit Erral gt Fieg < 03 | 05 o« Eoal o) Fia < 1.3
E.w_i, o I GeV Epra Al aoe = DY
impact parnmester D/ §0g| = & | D8 0g| = &0

I fing| = & iz, = b

Table 3.3 T criteria for idestiicntion of & and &

3.2.2 Balaction of Best Lapton Pair

It is pecessary eo distingaish che dilepron system as produeoed by the £ decay in the Higgstrnblang, prooess
From final stabe lepton pains originating from BG proomses or Higgs decay:. For the Higgs-strablung prooess,
neglecting detector resolation and radintive cffeces, the Mgy of the dikpoon system and Mee: should be
oqual o the ¥ mass My ~ 91187 GV che Higge mass migy =125 GeV {in chis stody)), respectively. The
besst Jepeon. pairs with opposite charges are chosess based an the folkmring ariterin

From the the distributions in Figares 3.2 and 3.1, lnose precuts oo My and M are il:l]::i:“:lll!n.tf‘-‘] ns
M e — M | = AD[GD) Ge¥ for (&) and 100 GeV < M, < 300 GeV, respectively. Next, for che ptp—H
chammel, the lepron pair chae minimiees 2y fanction I:-mm-:l on bath cheir Mine and .1-.I'....- i medected. The
racional here is that eves choagh the pair hve Wi close to My, it may come from a Z from Higgs decoy,
im which cnse its M___ tends to be deviated from Higgs mass. For the ete™H channel, the lepton pair that
has My closest to My s selected The x® minimieation method i oot efficient in this case doe o che
ndditionnl effece froen bremescrahlung, [-.@;um 3.3 compares the distribucions of M, and Mo between
“onrrect” and “wooag” pairs for che case of Eqyy = 250 GéV. This mechod os leptoa pairng is importast
for prevencing bins cn Higgs decay mode dependence, ms will be diseussed in Sec. ()

The efficiency of the isclated dilepton Bnder is () forp*p~H and () for ete”H. Here, oficiency &
defined as the reconstructed numbser over che genemesd oumnbser for each lepton arpe.

W iy 15 Mirac gty 1]

IIIIH!"':"I
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Performance of data selection

in fitting range 100—-160 GeV

(-0.8,+0.3) significance Nsig
250GeV

390GeV

500GeV

(+0.8,—0.3) significance
250GeV

350GeV

900GeV

* In general, significance is 250 > 350 > 500 GeV, Zmm > Zee
* right hand polarization: case by case:

(lower BG, but also smaller signal statistics)



(- Statistical error study results
0.8,+0.3) XSec err mass err [MeV] Z->up and Z>ee combined

XSec error
* 350 GeV is 17 % worse w.r.t. 250 GeV
* 500 GeV is much worse

e Zee is worse by > 40% w.r.t. Zmm

* right hand pol is worse by 5 —10 % w.r.t.
left hand

Mass error
*350 GeV is worse by factor of slightly
less than 3 w.r.t. 250 GeV

(+0.8,-0.3) XSec err mass err [MeV]

*Zee is worse by a factor of 2 — 3 w.r.t.
Zmm

*Systematic error of fitted recoil mass is
negligible (< few MeV for 250, 350 GeV)

xsec error almost same as past results using GPET



H->zz mode

Entries 42112

gr?n?an 90.67 ECM = 250 GeV

5.664

Invariant mass

Entries 42112
Mean 129.5
7.548




Efficiency of each Higgs decay mode (after each cut)

Eff. (%) bb cC oq tt el zz a3
Cuth 02,41 =/, 866 02,43 +/-0, 887 0i.66 +/- 8,80 03,27 +/-0.8B1 02,67 +/-D.0B3 93,81 -/ -0, 882 02,84 +/- 0.87
Cutl 02,41 =/, 866 02,43 +/-0, 887 0i.66 +/- 8,80 03,24 +/-0. 081 02,64 +/-P.BB3 92,77 +/-0, 883 02,83 +/- 0,87
Cut? 0@, BS =/, 804 OB, B4 =0, 805 15 T L M 01,37 +/-9. 801 08,56 +/-0, 803 0.6 +/ -0, 004 0p. 48 =/~ D.0B
Cuts BB.GZ +/- 8.1 BO.AT +/- 8.1 BE.23 +/- B.11 BO.30 +/ /-8, 800 BE.53 +/- @.1 BB.40 +/- 8.1 BEB.6O +/-B,8B6
Cutd BB.71 +/- @.1 BB.BE +/- @.1 BE.A3 +/- B.11 BO.Z2 +f- @.1 BE.2O +/- @.1 BB. 24 +/- 8.1 BB.52 +/-8,8B7
Cuth BB.BE +/- @.1 BE.B +/- 8.1 BT.QF +/- @.11 BE.73 +/- 4.1 BE.1BE +/- @.1 BB.13 +/- 8.1 Bb. 7 +f-8.802
Cuth : BB.16 +/- 8.1 BE.AT +/- 8.1 BT.B2 +/- A.11 BT.00 +/- &4.1 BT.43 +/- @, 11 BT.3 +/- 8,11 73,104 +/- .12
Cut? B1.72 +/- 8,13 Bl. 74 +/- 8.13 Bl1.23 +/- 8.13 Bl.62 +/- @.13 Bl.84 +/- @.13 Bl.14 +/- 8.13 67,08 +/ - .13
CutB : B1.55 +/- @.13 B1.58 +/- @.13 Bl.87 +/- 8.13 Bl.42 +/- @.13 BA.BS +/- @13 BA.BT +/ - 8,13 67.BO +/ - @.13
Eff. (%) bb CiC oq tt el zz aa
Cuth 03,7 +/-h,870 03,60 +/- 0,08 03.4 +/-0.0B81 04,82 +/-D.877 04,84 +/-0. 876 04,36 +/-0.874 93,71 +/-0, 066
Cutl : 03,7 +/-h,870 03,60 +/- 0,08 03.4 +/-0.0B81 03,00 +/-P.877 04,82 +/-0.876 04,15 +/-P. 875 03,7 +/-0, 066
Cut? 92,12 +/-0,8B7 02,06 =/ -0, 8680 01,76 /- 0,09 02,14 +/-P. 0BT 01.96 +/-P,BBT 01,99 +/-P, 8B7 01,21 +/-0.877
Cut3 08,00 =/ -, 807 0B, 2 +/-0,00B BO, B4 =0, 800 0B, B6 =B, 807 BO.TT +/-0, 807 BO,.TB =/ /-0, 807 BO,35 +/-f, 8B4
Cutd BO.BB -/-f, 008 1 I O I BO, B4 =/ -0, 800 BO.BT +/-B. 807 BO.53 +/-P, 008 BO,.53 +/-P, 008 BO. 17 +/-f, 8BS
Cutt BO.B3 =B, 00B BO, 04 =/ -0, 800 BO.5T +/- 8.1 BO,30 +/ /P, 800 BO.43 +/-P, 008 BO,42 +/-P, 800 BT.34 +/-0, 801
Cuth : BO.ZB +/- B.1 BO.5B +/- 8.1 BO.42 +/- 8.1 BB.B4 +/- B.1 BB.BE +/- 8.1 BB.56 +/- 8.1 73,67 +/- .12
Cut? B2.75 +/- B,12 B2.75 /- @.12 B2.67 +/- B, 12 B2.23 +/- 8,12 B2.16 +/- 8,12 B2.2B +/- 8,12 GE.48 +/- 0.13
Cutk : B2.58 /- 8,12 B2.50 +/- B.12 B2.5 +/- d.12 Bz2.@2 +/- 8,12 Bi.08 +/- 8,12 B2.82 +/- 8,12 GE.3B +/- 0,13
Cuth B2.58 /- 8,12 B2.50 +/- B.12 B2.5 +/- d.12 Bz2.@2 +/- 8,12 Bi.08 +/- 8,12 B2.82 +/- 8,12 GE.3B +/- 0,13
Cutld: 4.8 +/- 8,14 T4.65 +/- B.14 T4.B +/- B.14 74,55 +/- 8,14 T4.47 +/- 8,14 73.B3 +/- 8. 14 4.0 +/- 8,13
Process: ZH —= mu+ mu- H
Polarization: (e-,e+) = [-8.8,+8.3) cut definition
Cuts
Cut @ :
Cut 1: leptype==13
Cut 2 : Ptdl=-1855abs (Mimy—01, 1B ) <4 B55Mrec=10B5Mrec<300
Cut 3 : Miry=T35EMime=128
Cut 4 : Ptdl=1855PtdL=Ta
Cut 5 : {Ptsum=8| | Ftsum=18)
Cut & : [ [Evis—Elepl-Elep2-Ephotonmax ) <1855Ephotormax=Bbiabs [ cosmis )8, 98 )
Cut T : absicosz) = 8.9
Cut B : Mrec-18855Mrec-168




Check lepton pairing mistake is reduced : Zmm channel

bb cc zz ww tautau gg aa
100.00% 100% 100.00% 100.00% 100.00% 100% 100.00%
100.00% 100% 94.66% 98.13% 99.35% 100% 99.94%
0.00% 0 4.97% 1.46% 0.51% 0.00% 0.06%
0.00% 0 4.63% 0.46% 0.26% 0.00% 0.00%
0.00% 0 0.36% 0.41% 0.14% 0.00% 0.00%
0.00% 0 0.00% 0.00% 0.00% 0.00% 0.00%

fo ?eV 100.00% 100% 100.00% 100.00% 100.00% 100.00%
ota

c 100.00% 100% 95.47% 98.29% 99.41% 99.91%
2 0.00% 4.26% 1.37% 0.49% 0.09%
Cc3 0.00% 3.85% 0.48% 0.28% 0.00%
C4 0.00% 0.27% 0.33% 0.10% 0.00%
c5

0.00% 0.00% 0.00% 0.00% 0.00%

0
0
0
0

. correct
: two real leptons exist, but at least one wrong lepton
: both leptons wrong

- only 1 real lepton

: no real lepton



Efficiency of each Higgs decay mode (after each cut)

ERedl data
Cutd a3, 7

Cutl
Cut2
Cut3
Cutd
Cutt
Cutb
Cut?
Cutk
Cutd
Cutld:

03.7

oz,
oa,
BO.
BO.
BO.

1z
&a
BB
B3
2B

Eff. (%)
Cutd
Cutl :
Cut2 :
Cut3 :
Cutd
Cuth
Cuth :
Cut? :
Cutk :
Cuth
Cutld:

03.v

oz,
oa,
BO.
BO.
BO.
B2.
B2.
B2.

12
aa
EE
B3
2B
75
LE
LE

T4.8

e
e
oz,

BE
BE
BE

4 )

oa.
ED.
ED.
B2,
B2,
B2,
T4,

a1
el
GE
75
&0
&0
Bo

co

+/- 0,08
+/- 0,08
+/-0,8E0
S
S
+/-0, 800
#- Al
+f- 8.12
+f- 8.12
+f- 8.12
/- 8. 14

0.4
0.4
01. 76
EQ. B4
BO. &
BO.57T
BO.42
BZ.B67
B2.5
B2.5
4.8

ce between real and cheat

0.00%
0.00%
0.00%
—0.15%
—0.32%
—0.85%
—0.03%

bb

cc
gg
tt
ww
zz

aa

MC stat error
0.12%
0.12%
0.12%
0.12%
0.12%
0.12%
0.13%

“cheat pairing” (MC truth) results indicate
that indeed the problem is due to paring
non—prompt Z decay leptons.

maybe the only problem left




250 GeV : (- 0.8, + 0.3) Zep.p. channel 2coll ma 0gra
| 250 GeV : (+0.8, -0.3)
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Reconstructed data
recoil mass histogram

250 GoV : (- 0.8, +0.3) Z>ee channel

250 GeV : (+0.8,-0.3)
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500 GeV many challenges remaining : low statistics, low S/B ratio, ect...

500 GeV Zmm (- 0.8, + 0.3) Ii

500 GeV : Zmm (+0.8, —0.3)

o -

fi20—

T

E -

Sig + BG 8100/ * .
BG :r
Signal 80—
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150 160
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Fitting of recoil
mass spectrum

Signal : Kernel function

Entrigs / 0.25 GaV

\

Kernel function
fitting does not
cause significant
systematic bias in
recoil mass

(c.f. GPET) T e e

e*+e’ — utu + X@&@ 350 GeV

A i s o gaony’

BG : 34 or 4 order polynomial

ata

Entrigs / 0.25 GaV
B
=]

]
=]

4 order pol.

=]
=]

PR T T T
150 180
Recoil Mass [Gav]

Observe distribution to determine

Toy MC study

goal: test quality of fitting method
evaluate precision of xsec and recoil mass

method:

egenerate MC events with 1000 x statistics according to
fitted result of “real” data

fit Toy events with same function : Kernel + polynomial

- get signal yield, mass shift, and errors

W
8
=]

Entries / 0.25 Ga

Lo v 1y s
140 150 160
Racoil Mass [GaV]

=1
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*Produced preliminary set of leptonic recoil results for all 3 center of mass energies
(ECM=250, 350, 500 GeV) compatible with H20 scenario
(review will be given today, and at ILC Summer Camp 7/21)

Detailed study of Higgs decay mode dependence (= systematic errors) for 250 GeV using
high stat samples
demonstrated mode bias is negligible even compared with the best A o stat (H20)

*making efforts to further improve xsec precision and suppress bias

e.g. semi—-model independent analysis:
separate Higgs visible and invisible decay modes. = this will suppress the major BG || v v

We are currently writing a paper on leptonic Higgs recoil
Title (preliminary) : Leptonic Higgs Recoil Analysis at the ILC
*personal plan to complete first draft by end of August (entire paper by end of year?)
*Then we can use draft as a “skeleton with some flesh”
to visualize what else we can add / improve




The importance of recoil mass measurement (both leptonic and hadronic) for H20 scenario
has been emphasized.

important to improve leptonic recoil at 500 GeV AND begin on hadronic recoil
eat least, these need to be done in parallel with further improving precision of leptonic recoil
at 250 (350) GeV

(1)Converge to the best data selection methods to minimize Higgs decay mode dependence
(= systematic errors) actually already quite negligible

(1)generate higher statistics sample for 350 and 500 GeV
then use these to further improve precision for leptonic channel at 500 GeV
as well as do ZZ fusion analysis

(3) Study systematic error from beam spectrum
(4) Begin hadronic recoil at 500 GeV

strategy : for now carry out same method as what Miyamoto-san did for Snowmass
and investigate Higgs decay mode dependence the same way as | did for (1)




Leptonic Higgs Recoil Analysis at the ILC

This paper reports on the expected precision for the model independent measurement of
the absolute Higgs boson production cross section for the Higgsstrahlung process at the
ILC. Only possible at the ILC, this unique measurement is indispensable for extraction of
all Higgs branching ratios and couplings from event rates. Also reported is the expected
precision for the Higgs recoil mass, which provides a window into physics beyond the
Standard Model. The study here is based on full simulation of the ILD detector as
proposed in the Technical Design Report. In the clean Higgsstrahlung process, the Higgs
Boson is produced together with a Z boson which decays into a well-measurable dilepton
system (Z—> U U or Z—>ee). In accordance with the most up to date plan of ILC
accelerator operation, analysis has been carried out for three center of mass energies
(Ecm) of 250, 350, and 500 GeV, and alternative beam polarization scenarios. Methods of
signal selection are optimized to achieve the best ZH cross section precision while
maintaining Higgs decay mode independence. At Ecm=250 GeV, where the best detector
resolution is obtainable, the ZH cross section can be determined with a precision of 3.3%,
while the expected Higgs mass precision is 39 MeV. (Reasonable precision a have also
been demonstrated for the higher energies of 350 and 500 GeV which extend the physics
reach).




recoil mass study using leptonic channes

ECM = 250 GeV, 350 GeV, and 500 GeV

* O, isa “must-have”

for measurement of total Higgs width & couplings L
Higgs recoil against di—leplton system

*study impact of ECM and polarization , _. .9
Mx = (pom — (Pu+ + Pu-))

econtribute to the decision for ILC run scenario

originally study was focused on the new field of I this time, extended to all ECM
350 GeV since many physics become important and both leptonic channels

ILC sample used in analysis

e+te>Zh->uph 125 GeV 250 GeV 250 fb-1 P(e-,e+) = Full ILD
e+e—>Zh->eeh 350 GeV 333 fb-1 (-0.8,+0.3) (ILD_01_v05 DBD ver.)
500 GeV 500 fb-1 (+0.8,-0.3)




Data Selection Method

Signal sighature

a pair of isolated energetic leptons (i / e) with

invariant mass (M. ) close to Z mass

inv

2
M% = (Pom — (Pp+ + Pyu-))
Recoil mass

Dominant backgrounds Signatures
cete-222-> I+I-X : forward Z production angle

cete-22yZovl+I-: energetic ISR y which balance dilepton pt
cete-D2WW=> [+l-vv: broad M, distr.

- data selection is based on signal / BG characteristics
* afinal recoil mass window (100 — 160 GeV) is effective for cutting BG




Progress since the last (41th) General Meeting (April 11)

Features of This Time
* both Z2>pu and Z->ee channels

Last Time

* only Z> pp channel .

« only ECM = 250 GeV and 350 GeV > all three ECM (250, 350, 500 GeV)

« only study of xsec precision  study of both xsec and mass precision

* signal bias is minimized due to improved

 slight Higgs decay mode bias caused
achniques (details later)

by BG rejection method

+ deeper study of the signal and BG
statistics of each channel

* Converged to a full set of statistical error study results

» optimized data selection method for each of the 12 scenarios (3 ECM x 2 leptonic
channels x 2 polarizations) in aim of best xsec and mass precision

 Removed systematic bias due to method of fitting or data selection




Can precision can be slightly improved if we fit over a wider range ?
assuming we can neglect the H*>WW bump beyond 160 GeV

500 GeV, Zee (-0.8,+0.3) fit in 100 — 250 GeV (c.f. 100-160 GeV)

Entrias / 0.25 GeV
=]
=]

@
=]

Signal only

o,
b )
.

-

PRI RTINS SRR . - - n
=L - . P P B bl R B ! \
60 B0 200 220 240 - - —L - I L . . L L L L il =, .
. Recoil Mass [GaV] o ! 4 & ( 220 240 (] 121 14 161 1 [ 220 240
! Recoil Mass [GaV] Recoil Mass [GaV]

xsec error (%) mass error (MeV)

narrow narrow Wlde

10-20 %
improvement on
xsec and a few %
on mass precision




BG level fluctuation is controlled

by fitting recoil mass over a wide
range (100 — 160 GeV)

=5
om

0

u

oy
=50
@,

an improvement from
previous studies

* BG level is usually fixed for Toy MC (optimistic scenario)
° (pessimistic scenario)
not a big degradation since I fit recoil mass spectrum over a wide range
g deg p g GOOD

Example:
Zmm XS€ec Recoil mass BG fluc
250GeV 3.35% =2 3.62% 40 MeV, no change 1.23%

350GeV  3.90% = 4.39% 101 2> 95 MeV 1.67%

36



Check lepton pairing mistake : Zee channel

bb tautau gg

Total elec IR0 100% 100.00% 100.00% 100.00% 100.00% 100.00%
C1 99.91% 100% 97.36% 96.89% 98.35% 99.92% 98.15%
C2 0.05% 0.03% 1.97% 2.16% 1.06% 0.01% 1.38%
C3 0.00% 0.00% 1.17% 0.01% 0.01% 0.00% 0.02%
C4 0.04% 0.02% 0.66% 0.89% 0.52% 0.01% 0.41%
C5 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00%

C1: correct

C2: two real leptons exist, but at least one wrong lepton
C3: both leptons wrong

C4: only 1 real lepton

C5: no real lepton



Can precision can be slightly improved if we fit over a wider range ??
assuming we can neglect the H*>WW bump beyond 160 GeV

350 GeV, Zee (-0.8,+0.3) fit in 100 — 200 GeV (c.f. 100-160 GeV)

Signal only

AP PP I IPIPITITE U | = L — — - L ] [ 180 190 200
60 170 180 190 200 o & 0 lag 190 2 Recail Mass [GaV]
Recail Mass [GaV] a

xsec error (%) mass error (MeV)

(-0.8,+0.3) narrow narrow wide

Not much room
for improvement




(- Statistical error study results
0.8,+0.3) XSec err mass err [MeV] Z->up and Z>ee combined

XSec error
* 350 GeV is 17 % worse w.r.t. 250 GeV
* 500 GeV is much worse

e Zee is worse by > 40% w.r.t. Zmm

* right hand pol is worse by 5 —10 % w.r.t.
left hand

Mass error
*350 GeV is worse by factor of slightly
less than 3 w.r.t. 250 GeV

(+0.8,-0.3) XSec err mass err [MeV]

*Zee is worse by a factor of 2 — 3 w.r.t.
Zmm

*Systematic error of fitted recoil mass is
negligible (< few MeV for 250, 350 GeV)

xsec error almost same as past results using GPET



250 GeV e2?2e2 Lpol deviation  deviation

N(100-160) N _err eff eff err from avg  from ALL
bb 1885 3) 72.40% 0.15% 0.42% 0.21%
cc 1882 3) 72.29% 0.15% 0.31% 0.10%
tt 1883 3) 72.33% 0.14% 0.35% 0.15%
gg 1872 3) 71.91% 0.15% —0.08% —0.28%
ww 1866 3) 71.67% 0.14% -0.31% -0.51%
zz 1856 3] 71.29% 0.15% —0.69% —0.90%
all modes 1883 9 72.19% 0.27%

avg of 6 71.98%

— - e systematic bias is € 1.3% for Zmm. < 4.2% for Zee
Efficiency of each Higgs e H->zz, HOww most affected
decay mode (after all cuts) (lepton pair containing lepton not from prompt Z decay )
250 GeV elel_Lpol deviation  deviation
N(100-160) deltaN eff eff err from avg  from ALL
bb 1491 6 94.65% 0.17% -1.15% -0.39%
cc 1497 6 54.86% 0.16% —0.94% —0.18%
tt 1480 6 954.21% 0.16% —1.58% —0.83%
gg 1484 6 94.38% 0.16% -1.42% —0.66%
ww 1469 6 53.83% 0.16% -1.96% -1.21%
zz 1442 6 92.83% 0.16% —2.96% —2.21%
all modes 1502 10 95.04% 0.28%

avg of 6 94.13%



h1

H->zz mode

107

10%

Entries
Mean
RMS

44938
90.41
6.509

Inv mass
Zmm

o IIIIIII|
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Zee

Entries
Mean
RMS

41814
90.75
7.753

Inv mass

(=14 = IIIIIII|
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10%
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Zmm

h1
Entries 44938
Mean 130
Rec mass RMS 8.791

10°

10°
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41814
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9.335
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o T TTTI




Efficiency of each Higgs decay mode (after each cut)

%)

Cut@ : 0z,
Cutl : 92.
Cut2 : Ge.
Cut3 : BB,
Cutd : BB.
Cuts BE.
Cutb : BB.
Cut? : Bl.
Cutg : Bl.
Cutd : Bl.
Cutl@d

41
41
B85
92
71
1.3
16
72
25
55
74

bb

+/-0.BBE
+/-0.BBE
+/-0.094
+/- B.1
+/- B.1
+/- B.1
+/- B.1
+/- 0.1
+/- B.13
+/— B.13
+/- B.14

92.
82.
oa.
ga.
BE.

43
43
B84
ar
BE

BE.B

BE.
B1.
gl.
B1.
73,

47
74
28
59
BE

+/-B.BBT
+/-B.BBT
+/-0.Bo5
+/- B.1
+/—- B.1
+/- B.1
+/—- B.1
+f— B.13
+/- B.13
+f— B.13
+/- B.14

91.
81.
oe.
BE.
BE.
B7.
B7.
B1.
gl.
B1.
73.

=1
i1
a5
23
a3
a7
B2
23
ar
a7
63

gqg

+/— B.89
+/— B.89
+/-0.098
+/— B.11
+/— B.11
+/- B.11
+/— B.11
+/— B.13
+/f— B.13
+/— B.13
+/— B.14

893.1
83.1

a1.
B89,
B9.
BE.
BE.
B1.
g81.
B1.
74,

41
22
33
87
12
74
24
54
22

tt ,
+/-B.BB2 92.19 +/-0.086 92.41 +/-0.0B5 92.B3 +/- 0.07
+/-B.BB2 82.19 +/-B.0B6 82.41 +/-8.085 B2.B3 +/- B.07
+/- B.089 B8.56 +/-B.0893 08.B6 +/-0.0803 B8.51 +/- B.08
+/-B, 899 B8.74 +/- 0.1 89.11 +/- 0.1 BB.72 +/-0.086
+/- B.1 BE.54 +/- 8.1 BE.O1 +/- ©.1 BE.55 +/-0.0B7
+/- B.1 BE.44 +/- 8.1 BE.B +/- 0.1 B6.73 +/-0.092
+/- B.1 B7.60 +/- B.11 BE.B1 +/- ©.1 73.17 +/- B.12
+/- B.12 B1.20 +/- B.12 B1.76 +/- B.12 BE.B1 +/- B.13
+/- 8,13 81.12 +/- 0.13 81.61 +/- 0.12 67.92 +/- 0.13
+/- B.13 B1.12 +/- B.13 Bl.61 +/- .12 67.92 +/- B.13
+/- B.14 73.B +/- 08.14 74.53 +/- 8.14 64.49 +/- B.13

Eff. (%)

Cutd : 2
Cutl : o2
 Cut2 : o
 Cut3 : BE
Cutd : BB
 Cuts : BE
Cuth : BB
Cut?y B2
i[utE z Bl
Cuth Bl
 Cutld T4

bb

+/-8.BB6
+/-8.BB6
+/-08.08094
+/- B.1
+/- B.1
+/- B.1
+/- B.1
+/— B.12
+/— B.12
+/— B.12
+/— B.14

Process:

OO =) O L S Lt Pud e O

fH ——= mu+ mu- H

: Ftdl-18E5Ptd1-T8

B2,
B2,
oe.
BG9.
BE.

43
43
B84
a7
BE

BE.B
BE.B

B2.
B1.
B1.
74,

[ Ptsume=d| | PFtsum=18)
[ [Ewis-Elepl-Elep2-Ephotonmax )< 1055E photormax=-dbhabs ( cosmis )=8, 98}
abslcosz) = 8.9

Mrec=18888Mrec-160

a1
B6
B6
11

CC

+/-0.BB7
+/-0.BB7
+/-0.005
+/- B.1
+/- B.1
+/- B.1
+/- B.1
+/— B.13
+/— B.13
+/— B.13
+/—- B.14

81.
81.
oe.
BE.
BE.
B7.
B7.
B1.
B1.
B1.
73.

i1
i1
a5
23
a3
a7
a7
35
19
19
74

ag

+/— B.89
+/— B.89
+/-8.008
+/— B.11
+/— B.11
+/— B.11
+/— B.11
+/— B.13
+/— B.13
+/— B.13
+/— B.14

83.1
83.1

81.
BG9.
BG9.
BE.
BE.
B2.
B2.
B2.
74,

41
52
33
87
87
25
a6
a6
63

cut definition

Polarization: [e-,es) = [-0,B,+8.3)

—————————— Cuts———————

Cut
leptype==13
Ptol=-1855abs (Mimy-01, 1B ) =4855Mrec=-10A55M re c-308
Miry=T35EMim=128

tt Wi zZz aa

+/-B.8B2 02.19 +/-B.BB6 02.41 +/-8.885 02.83 +/- 0.87
+/-B.8B2 02.19 +/-B.BB6 02.41 +/-8.885 02.83 +/- 0.87
+/— B.89 0R.56 +/-B.803 0R.BE +/-B.893 0R.51 +/- B.08
+/—-8.889 BE.74 +/- 8.1 B9.11 +/- 8.1 BE.TZ +/-0.086
+/— 8.1 BB.54 +/- 8.1 BE.O1 +/- 8.1 BEB.55 +/-0.087
+/— 8.1 BE.44 +/- 8.1 BB.B +/- 8.1 BE.T3 +/-0.002
+/— 8.1 BE.44 +/- 8.1 BB.B +/- 8.1 BE.T3 +/-0.002
+/— B.12 B1.93 +/- B.12 B2.32 +/- 0.12 BR.3 +/- B8.11
+/— B.12 Bl.76 +/- B.12 B2.1B +/- B.12 BR.1Z2 +/- 8.11
+/— B.12 Bl.76 +/- B.12 B2.1B +/- B.12 BR.1Z2 +/- 8.11
+/— B.14 T4.38B +/- B.14 75.01 +/- @B.14 T2.098 +/- B.12

If omit costhetamiss cut

*Bias on aa mode is greatly reduced by a
factor of 10

*Remaining bias from Minv and Ptsum cut




Efficiency of each Higgs decay mode (after each cut)

[l i i i o
[l i T i o
=i i T i o
[l i i i o

[l T
[l T

Eff. (%) bb cc ag tt Wil zz aa

Cut® : B7.BB +/- B.11 B7.72 +/- 8.11 B7.82 +/- B.11 BB.21 +/- 8.1 B7.91 +/- 8.11 B7.8B +/—- 0.1 BE.B4 +/-B.BB3
Cutl BY.BE +/- B.11 BY.72 +/- B.11 B7.082 +/- 8.11 BB.21 +/- B.1 BY7.91 +/- B.11 BY.O0B +/- R.1 BB.B4 +/-D.RB3
Cut2 BB.23 +/- B.12 Bb.12 +/- B.11 B5.33 +/- B.11 B6.45 +/- B8.11 BE.3 +/- B.11 BB.24 +/- B.11 BB.BE +/-B.801
Cut3 B4.15 +/- B.12 B4.85 +/- B.12 B3.28B +/- B.12 B4.23 +/- B.12 B4.17 +/- B.12 B4.89 +/- B.12 B3.BO9 +/-0.006
Cutd B4.B5 +/- B.12 B3.06 +/- B.12 B3.2 +/- B.12 B4.13 +/- B.12 B4.BE +/- B.12 B3.00 +/- B.12 B3.B +/-0.857
Cut5 B4 +/- B.13 B3.BB +/- B.12 B3.13 +/- B.12 B3.BB +/- B.12 B3.97 +/- B.12 B3.BB +/- B.12 B2.89 +/- 8.1
Cutb : B4 +/- B.13 B3.BB +/- B.12 B3.13 +/- B.12 B3.BB +/- B.12 B3.97 +/- B.12 B3.BB +/- B.12 B2.89 +/- 8.1
Cut? : T7.B2 +/—- B.14 TT.B2 +/- 8.14 76.096 +/- B.14 TT.71 +/- 8.13 T7.82 +/- B.13 T7.81 +/- B.13 76.11 +/- 8.11
CutlB : T7.62 +/— B.14 T7.59 +/- 8.14 76.71 +/- B.14 77.49 +/- 8.13 T7.6 +/- B.14 T7.67 +/—- B.13 T5.B7 +/- 8.11
Cutd : T7.62 +/— B.14 T7.59 +/- 8.14 76.71 +/- B.14 77.49 +/- 8.13 T7.6 +/- B.14 T7.67 +/—- B.13 T5.B7 +/- 8.11
Cutll: 69.11 +/- B.16 BB.D +/- B.15 BB.46 +/- B.15 60,24 +/- B.15 60.BB +/- B.15 B0.46 +/- B.15 B7.84 +/- B.12

Process: ZH —= &+ - H
Polarization: [e-,e+) = [-8.B,+8.3)

Cuts cut definition

If omit costhetamiss cut

Cut
Cut
Cut
Cut
Cut
Cut
Cut
Cut
Cut

leptype==11 *Bias on aa mode is greatly reduced by a
Ptdl=-1865abs (Mime-01, 1B ) <6085Mrec=-10855Mrec=300

Minv>T36EMiny<120 factor of 10

Ptol=1855Ptd =78

(Ptsum-=8| |Ptsum=18} L. . .

I {{Ewis-Elepl-ElepZ-Ephotormax ) <1855Ephotormax=BiSabs { cosmis )=, OB} 'Remalnlng bias from Minv and Ptsum cut
abslcosz) = B.9

Mrec=-18855Mrec-168

00 =] O L1 & L P = O




0.06

0.05

0.04

observation of Ptsum distr
(at stage just before Ptsum cut)
Zmm channel

0.06

0.05

H->gg

H->tau tau

H>zz

H->tau tau

H-> bb

H->tau tau




H->zz mode "0

‘ID'E:—
- Hm>zz
- di
107 =
hi
C Entries 42111
- Mean 129.5
N . RMS 7.547
Blue : wrong pair -
Red: right pair R B L v
" 0 50 100
10'25—
107 -
10"’5—
_l 1 1 1 I” | -I I” ]l 1 1 1 1
0 50 250




i

lecoPart data

'u-lIII|III|III|III|III|III|

III|JI II|III|III

0 Bo:tharen rig ba] 100 120 1

H>zz
costheta

'u-lIIII|IIII|IIII|IIII|IIII|IIII|I

,'mIII|III|III|III|III|III|III|III|III|
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