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Target

One of the advantages of the ILC is model independent
(MI) analysis of Higgs properties by recoil method.

How precise can we measure Higgs mass
(only by IIh) and cross section by this methode
The considered situations are ...

Production Higgs mass | E.y (GeV) | Integrated @ Spin Detector
Mode (GeV) Luminosity | Polarization  Simulation
ete->/h-> 125 250 250 fb! P(e, e*) ILD_01_v05
uuh, eeh =(+0.8, £0.3) (DBD ver.)
ete->/h-> 125 350 333 fb! P(e-, e*) ILD_01_v05
uuh =(+0.8, £0.3)  (DBD ver.)
ete->/h-> 125 250 250 fb! P(e, e*) ILD_01_v05

qgh =(+0.8, £0.3) (DBD ver.)



What's the Recoll Method?

ILC is a lepton collider
= We already know inifial state 4 momentum

@ Higgs (any decay mode is allowed)

0 N

—> & We can calculate the
4momentum of Higgs.

Aim for Higgs o : Directly

measurement

It depends on the
model of Higgs decay

N=lolo)|Naal=lialele M We can measure Higgs
model independently
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Signal and Background Events

— signal event

These are uuh channel signal &
BGs.

For eeh and ggh channel study,
character of “u” and “v" are
altered appropriately.

= Dominant Background is “uu”, “uuvv”, “uuff”
events, and other BG is rejected significantly.




Lepton Se

Muon (elect

ection

Ton) selection

based on deposited energy on calorimeter

Good track

selection

based on error in forward / barrel

Impact parameter (only for muon)
To suppress muons from tau decays
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Bremsstrahlung Recovery

Only for eeh channel, momentum of
photon around final state electron is

added to the electron. final state
cos0 > 0.9995 e-
cosH > 0.999 && E /E > 0.03
photon/ =electron
not split photon 2

This process confributes to the
distribution of recoil mass significantly.
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> For mass analysis, it is effective not to perform the recovery.






No Cut 2603 3.2M 507166 390041 /. 1M
After Cut 1386 322 1479 1054 3

eeh signal Il llvv I1ff others
No Cut 2729 /.8M 520624 404279 2.5M
After Cut 1190 1496 2203 937 4




Unbiased Selection

0P o AN COSH,cing CUT has bias for

] SS.ng FrTrrrr T T TrTr T
Higgs decay modes. = )

To avoid this bias problem, some TR b

additional conditions are needed 10_3; z f l ]

6PTbO| = F)le - F)T photon f'

photon should satisfy ... 10 T

m,, > 0.2 [GeV] L

or Ey > 60 [GeV] o s
COSO pigsing - COSO of all PFOs -100 50 100
| COSO,iccing | <0.99 OPrpq [GEV]

hist_t
o 1
2

or | cos0; poconl <0.8

These additional condition avoid
bias, but efficiency of BG rejection is

T T T
| 3

%EO'B TTI 1 :
© 06

sacrificed.
bb glu-glu T BG (Il)
COSOyies < 0.99 95.1% 92.8% 99.2% 41.1%
C086,1,15s<0.99
or |[cosf|<0.8 | 99 3% 99.1% 99.8% 74.6%




Signal Efficiency

After that, bias of signal efficiency for Higgs decay is
eliminated.

Hdecay mode pyuh efficiency [%] eeh efficiency [%]

bb 55.61 45.62
WW 55.39 44,95
gluglu 55.16 45.02
TT 55.42 44 49
CC 55.60 45.14
[/ 54.04 45.51

Systematic error due to efficiency in decay modes is 3%.

(If we could use the information on measured cross section for
higgs decay modes, the error should be much smaller)

12



Fitting F fi

ipet IIIIIIIIIIIIII Novosibirslk IIIIIIIIIII SETXN.V. N BT .
Sos[ 1 2 T g el NG
s, GPET |  NWvosibirsk .| Function
e ] .06 @ ]
o ] g S

85-04 ] ® Qo4 » o 40

£ ] 8. ]
2.02f 1 D.o2f 201 1 Xeeh distribution
[ r J ]
(O] 3 4 4 4
T O e 0 150 % s o s 0"20 130 140 150

GPET is constructed by Gaussian peak and exponential tail.

Novosibirsk can express uncertainty of lepton detection.

For detail of Novosibirsk function, please check

%L}J(:Algéj]r Instruments and Methods in Physics Research A 441 (2000)
For BG fitting, 3 order polynomial is used. (BG shape is
determined separately from signal shape determination)

GPET (signal) 3 order poly. (BG) Yields

mean | width | k b NV Pl P2 pP3 Vg Yse
Fitting | float float float float float float float float float float
toyMC | float fix fix fix fix fix fix fix float float

X k : boundary, b : junction
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Fitting Results

— LI I L B R B C T T T T T [ T T T T ]
[ ST u Zh—e'e'X _
g - Zh—pu X b 31 50 A 'E=250€:\? ° -
C5250 [ {s = 250 GeV ] O | Ly, =250 fb", P(e’, e*) = (-0.8, +0.3)
~ I Ly =250b", P(e, &") = (08,+0.3) ] ~ ,] \ B SignalsBackground (MC) :
\200 [ 7 ~ ] Fitted Sig"' Background
(7)) C Fitted Signal+Background (7)) B ——— Fitted Signal i
% i T Fitted Signal i g‘l 00 { } il!' iil e
2150¢ P retbeigna ] > | l
L : L i
100} alt |
Lol A 1 """.r_ hy!
50 F }
ot ikt T
120 130 140 150
data
L=250fb"! uuh eeh combined
P(e-,e+)=(-0.8,+0.3)
Ao/c 4.2% 3.8% 6.0% 5.6% 3.4% 3.1%
Amass [MeV] 34 33 23] 89 34 31

% Red value means semi-MI analysis in which visible energy cut is performed.
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Fitting Results (Right

[ L L I L LN — 1 T 1
| ] B —
s = 250 Ge _ () i
Liy =250 16", P(e, &) = (0.8, 40.3) 1 ~ i ®  SignalsBackground (MC) |
Fitted Signal+Background _' E 60 :_ : :::::: ::::::+Background _
(-
—— Fitted Signal G>) : =====-" Fitted Background
"""" Fitted Background LU 40 L
50 - )
: '.!:-. 20 i
OM. HiLH » Y S ki
120 130 140 150 120 130 140 150
data data
L=250fb"! uuh eeh combined
P(e-,e+)=(-0.8,+0.3)
Aoc/o 3.8% 6.0% 3.2%
AMmass [MeV] 31 214 31
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Mass Template Method

comp_95

o
Q100

™
2 8o

0

Z60F

For mass measurement, template method is also tried.
Non-uniform binned histogram is used as PDF to fit.

region [GeV] [122, 124] [124, 127] [127, 140]
# of bins 10 50 50

BG PDF is used fitted 3@ order polynomial.
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Chi-square Plot

Chi2 of any fitting is plotted, and fitted by
parabola.

Minimum point :
x=125.136 +- 0.013 [GeV]
x = 125.027 +- 0.003 [GeV] (w/o BG)

Graph
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Chi-square Plot

Chi2 of any fitting is plotted, and fitted by
parabola.
Minimum point :

x=125.136 +- 0.013 [GeV]

x = 125.027 +- 0.003 [GeV] (w/o BG)

chi-square

Graph
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Next Plan

Further investigation of mass template
method is needed.

Estimate sensitivity o Higgs CP-mixture,
which is from anomalous coupling in 2HDM,
by Z production angle.
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Status

Goal ;
Precise measurement of Higgs cross section
Conftribute to the decision for ILC run scenario

BG : included all 2f, 4f, 6f processes
Full ILD detector simulation

Compare results between P(-0.8, +0.3) and
P(+0.8, -0.3), between 350GeV and 250GeV

Final selection for Ecm = 350GeV
84 <M., <98 (GeV)
10 < P;y < 140 (GeV)
dPTbal = [Prg - PT, x| > 10 (GeV)
coplanarity < 3
| coseZpro| <0.91
120 < Mrecoil < 140 (GeV)

2]



Cut Efficiency

signal BG 2f 711 4f WW_sl 4f 77 sl
rawevents 2288 32M 2M 2.7/7M 188087
bestmpair 2254 2M 946129 236302 42345
Do 2241 1.8M 925330 152599 39825
frack angle 2205 1.6M 843738 136568 36073
Miny 1826 313998 269446 5702 16365
Pra 1819 111823 /1877 5659 14934
0Pl 1798 48694 10674 5505 14108
acop 1773 44735 9612 4578 13347
cost; 1698 30428 5709 2940 2147
Mrecoi 1088 2700 276 405 1123

After selection
signal efficiency = 47.6 +/- 0.5%
S/B = 0.40, significance = 17.2 -




Fitting
Signal is fitted by GPET
BG is fitted by 3@ order polynomial

-loat only height and mean of GPET

FIx BG function and remaining GPET pars
from 15t fime fitting

Toy-MC study Is done to estimate stafistical
error of cross section measurement
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Results

h

ist_recoil_all |

0

no. of event

80

| hist_recoil_all |

~
o

Ry

hist_recoil _all

Entries

lllll

lllll!llllll]]lll

lllllllll

(+0.8-0.3)

hist_recoil_all
(-0.8,+0.3) [Entries 19863 | . g0
Mean 131 t
RMS 9.501 | € —
2 | ndf 180.7/198 | 2
height 767+27 | ©
mean 125.8+0.1 | £ 60
50
40
Ii 1
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Mean
RMS
x? | ndf
height

19863
130.6
9.218

192.6 /198
51.6+1.4
125.7+ 0.1

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

I L T T T T L 18 1 "gm, 145 [Geq,]so
E., P(e-,e*) eff Aoc/o S/B
350 (-0.8, +0.3) 47.620.5% 4.91+0.2% ~0.40

250

(+0.8, -0.3)
(-0.8, +0.3)
(+0.8, -0.3)

47.8+0.5%
66.410.5%
64.4+0.5%

5.0£0.2%
3.620.1%
3.3+10.1%

~0.75
~0.37
~0.81
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Plans

Cut more BG without losing too much
signale

Improvement data selection : Implement isolation
and likelihood cut?

Study precision of fitted recoll mass M,

Study alternative polarization scenarios e.qg.
(-0.8, 0), (+0.8, 0) ...etfc
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Motivation

In recoil mass study, leptonic channel such
as Z->ee, mm has very good signal/BG ratio.

But the branching ratio of Z->leptonic is
~3.5% for each generation.

In contrast, the branching ratio
of Z->hadronic is ~70%.

However, analysis is challenging due to a
large amount of BG and worse Z mass
resolution.
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Cut

Box cut — targeted ZZ/WW hadronic event
Using 4 jet clustering

Mass cut — fargeted semi-leptonic event
Using 2 jet clustering

[ like jet pt cut — targeted back to back 7/

event

dijet mass cut — selected 7
Using y value clusetering

B 2min(E7, E5)(1 — cos ;)
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Cut Table

cut qqH 4 fermion 2 fermion others
left 490,370 6M 16M 21M
right 331,118 798,363 10M 21M
Box cut 82.7% 83.9% 99.0% 99.9%
(81,101) 7Z, (70,90) WW

/ like Jet pt > 20 70.6% 60.9% 30.3% 2.4%
dijet mass (76,106) 54.7% 36.2% 10.0% 0.7%
recoil mass (110,150) 43.1% 10.8% 2.7% 0.3%
Sphericity > 0.1 39.1% 6.7% 0.7% 0.2%
Thrust cut 36.9% 5.2% 0.4% 0.05%

major>0.3, minor>0.]1
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2-fermion

104

10° =

102 £

4-fermion
signal(gqgH)
others
right
1042—
1035—
1025—
T T T R T R VT R 'eco“ 00120 '1.1.0'G'e'\}¢|50 r'ec;“
significance in (110,150) GeV !
polarization significance Ao/o
left (-0.8, +0.3) 2050 4.8%
right (+0.8, -0.3) 3l1.10 3.2%
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Summary & Prospects

Right handed polarization shows beftter
significance than left handed one.

Especially in left handed polarization, 4
fermion background should be reduced
much more.

We plan to categorize the events to analyze
ggH channel model independently.

We are preparing ISR finder and Tau tfagger
for categorization.
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Summary of Recoil Study

The recoll mass technique is important feature at the ILC
to measure Higgs mass and cross section of Zh event.

combined

Left Right

unh, eeh
CyLielY L=t

Right |Left Right

MI Ccross section

42% 38% |6.0% 6.0% |3.4% 3.2%

Mass Mev] | 34 3] 23] 214 34 31

3.8%
33

semi-M|  cross section 5.6% 3.1%

MASS [MeV]

unh @350GeV Left handed  Right handed
Cross section 4.9% 5.0%
cross section (250GeV) 3.6% 3.3%

qqh @250GeV lefthanded  Right handed
Cross section 4.8% 3.2%
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Lepton Selection

Muon (electron) selection
Momentum p > 15 [GeV]
Small (Large) energy deposited in calorimeters

Eecal / Eiota < 0.5 (> 0.6) e
Eiotal / Praci < 03 (> 0.9) o o
Good track selection 98 good track sel ction |
Track with small error (different
selections between polar angle of s
fracks, barrel or end cap)
dp/p?2 < 25x10°e8x 104/ p
(for cosd < 0.78) R
(for cose > 0.78)

Impact parameter (only for muon)

To suppress muons from tau decays
which tend to have large impact parameters.
Do/ dDy <5
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BG Rejection and Cut Table

uuh signal Il livv |1 others
No Cut 2603 3.2M 507166 390041 /. 1M
selection 2278 17200 16286 /874 /0

Prq 2161 9965 14095 6852 59

My 2036 /891 8147 5808 37
Acop 1903 6825 7659 5306 33

dPr g 1894 1751 /518 5189 33
COSOssing 1882 1257 /517 4815 30

M ccoi 1730 536 3116 1575 12
Likelihood 1386 322 1479 1054 3

eeh signal Il liInn |1ff others
No Cut 2729 /.8M 520624 404279 2.5M
After Cut 1190 1496 2203 937 4
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Bias Suppression (for 6P,

In 0P, SElection, we look af other particles
(ohoton) besides di-lepton :

So there is bias for some Higgs decay mode
(h — Tt mode).

1072 F — gluglu o l\

10° ﬁf :!:-

al & £ ]
107 F § ity 3
- g B 4007

C §oan il .

o g ad e

woan el
- woan RH -

I e

uoan o

. P I
'5 — noam | HH —
- u Ok e HH =
E : | 3
F uoal (e HH =
- o | -1
- " o HH -

u ok g HH

- uoal e HH

ST T T -1 | {353 O T T SR T :

-100 -50 0 50 100
0P [GEV]
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Bias Suppression (for 8Py, )

We can suppress this bias using Energy of
photon and invariant mass of edch pho’ron

T ' L B 12017111
0.06— e . :
I ww | 100
i —— gluglu _
""""" ::acu i ’
0.04- 1 %,
60 [, ¢ ¢+
0.02f 1 40
0 02 04 06 038 1 0

In h—1r, there is a peak at my, ~m_

-

W e j
0.2 04 0.6 08

condition of used vy

m,, > 0.2 [GeV]

or E, > 60 [GeV]

h->tt signal

:"‘ AR . ﬂ

r V

?,9

02 04 06 08 1

lly BG



Bias Suppression (for 8Py, )

10-2 — — gluglu
107 F

10 F

i L1
0 50

100
0P [GEV]

=)

107

102 ¢

107

10 ¢

50 100
P [GEV]

Comparison
old&new

efficiency of dPT, cut

Simple calc.
My calc.

bb
99.4%
99.8%

TT

95.3%
97.8%

CC

99.0%
99.6%

z_| (BG)
14.5%
22.2%

In new calculation of 8P, bias will decrease.
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Semi-MI Analysis

| liInn liff others

322 1479 1054 3
—

uuh signal
After Cut 1386
There seems to be

large number of 496
remaining llvv BG.

2203 937 4

Since contribution from Higgs

i invisible decays can be calibrated
e with data, visible energy selection is
' - sionalmmn effective for reducing these BG.

10° f — mmnn + tnin 3 -
Evis - EPFOS - Edi—lep’ron >S5 [GeV]

- - Loose selection is applied to avoid
10°F bias in signal selection.

g [V]) =S T PR 1
0 50 10 15 200

E.. [GeV

S



Efficiency of E e

Bias as expected from
SM.

96.64%

63.98%

H decay uuh (E eff.) | After all cut | eeh (E, After all cut
mode

bb 100% 66.31% 98.68% 39.14%

WW 100% 66.00% 98.31% 38.67%
gluglu 100% 65.40% 98.67% 38.82%

Tt 99.94% 65.66% 98.43% 37.82%

cC 100% 66.32% 98.25% 39.43%

37.90%

tautau
cc
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left
right

Box cut
(81,101) ZZ
(70,90) WW

/ like Jet pt cut
pt > 20

dijet mass cut
(76,106)

recoil mass cut
(110,150)

Sphericity cut
> 0.1
Thrust cut

major>0.3
minor>0. 1

490,370
331,118
82.7%

70.6%

54.7%

43.1%

39.1%

36.9%

qgh Cut Table

6,255,904
798,363
83.9%

60.9%

36.2%

10.8%

6.7%

5.2%

16,267,218
10,355,564
99.0%

30.3%

10.0%

2.7%

0.7%

0.4%

21,274,095
21,274,095
99.9%

2.4%

0.7%

0.3%

0.2%

0.05%
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