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; Target
Y

Fa iy
One of the advantages of the ILC 1s model independent (MI) analysis of !
Higgs properties by recoil method.

¥

* How precise can we measure Higgs mass and
cross section by this method? The considered situations
are ...

Production Higgs mass Ecy (GeV) Integrated Spin Detector
Mode (GeV) Luminosity Polarization = Simulation
e'e->Zh-> 125 250 250 tb! P(e, e") ILD 01 vO0S5
uuh, eeh =(+0.8, £0.3) (DBD ver.)

* Using only Zh->1lh (I=u, or €) signal event.
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# What’s the Recoil Method?
Y & /
e ILC is alepton collider ' Q\ b

= We already know initial state 4 momentum

@ Higgs (any decay mode 1s allowed)

ph:pe-+ - Pz

=2 4 We can calculate the
®  4momentum of Higgs.

It depends on the model
Aim for Higgs o . of Higgs decay

measurement PRI e We can measure Higgs
model independently
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i ] Keywords of the Study
.

. . ren
1. Model independent analysis

— This means unbiased selections should be used
= The bias of signal efficiency for each major Higgs
decay must be suppressed at least within uncertainty
of 0 measurement

2. Precise measurement
— Maximize precision while staying model independent
— Comparison between different polarization cases

3. Mass template method

— This method 1s tried in order to estimate Higgs mass

1gnoring systematic uncertainty -
4
y
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; Signal and Background Events
Y

— signal event

~h * These are puh channel signal &

rp
BGs.

w | < For eeh channel study, character of

ce_ .99

uw”’ and “v’ are altered
U approprlately.

<

29 ¢¢ 29 ¢¢

* Dominant Background is “uw”, “uuvv”, “unft” events, and other
BG 1s rejected significantly.
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; ; Lepton Selection |
| Y o '\) ”
e Muon (electron) selection

— based on deposited energy in calorimeter
* Good track selection
— based on error in forward / barrel
* Impact parameter (only for muon)
— To suppress muons from tau decays
* Bremsstrahlung recovery (only for electron)
— Photons emitted from electron are recovered.
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; Bremsstrahlung Recovery

i Ohly for eeh channel, momentum of photon
around final state electron 1s added to the
electron.

— c0s0 > 0.9995
— c0s9>0.999 && E
— not split photon

* This process contributes to the distribution of
recoil mass significantly.

final stat

/E >0.03

photon’ —electron

T T5)

10% )

F —— brems photons o

o N

L ~
- —— other photons 7)) 1500 -

3 c

n >
LLl 1000 |

10°

' 500 |-
10 3 B
5 1 I 1 L 1 I 1 1 1 I L 1 L I L 1 o L

N S B
120 130 140 150
IVlrecoil [GeV]

0.99 0.992 0.994 0.996 0.998 1
+

> For mass analysis, it is effective not to perform the recov
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BG Rejection )
ALY

V.

8
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]

| Left Handed Case

BG Rejection

R/

No Cut 2603 3.2M 507166 390041 7.1M
After Cut 1386 322 1479 1054 3
ech signal 1l Itvv 1t others
No Cut 2729 7.8M 520624 404279 2.5M
After Cut 1190 1496 2203 937 4
v - ‘kl Sl
R1g ded 0\.' & a
L |
No Cut 1756 2.6M 51768 330876 6.3M
After Cut 1113 287 323 650 3
No Cut 1844 7.3M 52853 358595 1.5M
After Cut 742 927 230 393 1

—

BG with neutrino 1s suppressed significantly
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i ] Unbiased Selection
.

 Signal efficiencies should be same for each Higgs deca

modes, but h->tt mode tends to have a bias

6PTbal

0Py, = Prg - Py photong(_ 10,10)

h->tt has long tail

10-2 = — gluglu g'd

109k N
: i

10* F

107

noan oL
1
Sk Me:
H (]|
s ||k
H ||
H ]
H A
H (|
b Ik P R T

-100  -50 0
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L1 i,
50 100
0Py, [GeV]

cosO

missing

pe

cosO of all PFOs < 0.99
h->tt has uniform distribution

M,

10 o Soul

1072

o~
P =
=i
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; Bias Suppression (for 0P, .,
-

. /

A

e

* We can suppress this bias using Energy of photon and
invariant mass of each photon pair.

e e 120
0.06[ - . . i
I S ] 100}
00af = 1 sop
L 60 Ewies
0.02 1 40
Pi? | ...| 2 ‘.\Tﬁil e B o e e L e
00 2 04 06 08 1 00 02 04 O 0.8 1 0 02 04 06 038 1
M. . of 2y (GeV) h->tt signal lly BG
In h—-r, there is a peak at m,, ~m, .
condition of used y H%S
m,, > 0.2 [GeV] T . ~y
it
or E, > 60 [GeV] v
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; Bias Suppression (for 0P .,
Y

107 g
10° ¢

104k

10-1 E_ I_lbbl I I I

[ —gluglu
o | tautau
10 E cc

E 2z

10° ¢

107 ¢ !

Comparison
old & new

efficiency of dPT,,, cut

bb

Simple calc.

My calc.

99.4%
99.8%

TT
95.3%
97.8%

cC
99.0%
99.6%

z 1(BG)
14.5%
22.2%

* In new calculation of 0P, bias will decrease.
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; Bias Suppression (for cos0

missing
' y.
e cosOofZ boso!z§ h
additional variable is

useful to suppress the
bias.

TITTOOTIT

oot

11 * Using these additional

condition, efficiency of
BG rejection 1s
sacrificed, but it can
avoid the bias.

€= Previous

hist_bb h—>bb hist_tautau h—>’c1:
%1 ------ L H g 11IIII!H
0.8 | Fosf 1]
3 g | 11
0.6 0.6 ] J
0.4 ! ol g | 0.4:. .
B T
. I
0 | IR B | = M 1
-1 -0.5 0 0.5 1 .
cosT
hist_g:uglu h‘>gIU-glu
.g -—_ '
i
0.6F 7
0.4 ‘ ' E
02 "I " o .jl 0.2
OL.' B B BN 0
-1 -0.5 . -1 0.5 0 0.5 1
cosT
glu-glu |t BG (1I)
€0SBis < 0.99 92.8% 99.2% 41.1%
c0s0,,,<0.99
or |c0s0[<0.8 99.3% 99.1% 99.8% 74.6%
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) Slgnal Efficiency

Uh
. After that, bias of signal efficiency for Higgs decay is ehmlnate!

H decay mode uph efficiency [%] ech efficiency [%o]

bb 55.61 45.62
WW 55.39 44 .95
gluglu 55.16 45.02
v 55.42 44 .49
cC 55.60 45.14
77 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)
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; Visible Energy Selection (Semi-MI analysis)
L |

/)

others
After Cut 1386 322 1479 1054 3

There seems to be large 196
number of remaining llvv BG.

2203 937 4

[ Since contribution from Higgs invisible
decays can be calibrated with data,

E_visible_BG visible energy selection 1s effective for
L sgnalmmn | reducing these BG.
S H — mmnn + tnin 3 e -—
10 o ] O Evis . EPFOs Edi—lepton >3 [GGV]
O Loose selection 1s applied to avoid bias
102 - in signal selection.
V \\\\\\\ //:\’/’/

g (0] =S R T R 1
0 50 10 15 200

|GeV]

V1S 15
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; Fitting Function

AN ”
1 1 Ll,lllé

Functlon

o -~
[¢3]

Q)
0
vy
—

1 eeh distribution

o
N

o
—— e e A

...........

120 130 140 150

...............

120 130 140 150

.n Peak with Exponegtial Tgil £
o e
S

* GPET 1s constructed by Gaussian peak and exponential tail.
* Novosibirsk can express uncertainty of lepton detection.

— For detail of Novosibirsk function, please check

[Nuclear Instruments and Methods 1n Physics Research A
441 (2000) 401-426]

« For BG fitting, 3" order polynomial is used. (BG shape is
determined separately from signal shape determination)

 In pseudo-experiments, PDF shape 1s fixed and only -

number of signal and BG is floated.
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; Fitting Results (Left Handed)
Y

P

uuh ech

— T — T T T T T [ T T T T3 — L L L L L
o) Zh—uu X N o) n Zh—e*e’ X _
(”)_250 _ |'§=2_5?(15e5 ‘: C’).1 >0 i » fi%%%?b‘?yp(e. ') = (0.8,+0.3) |
3 I L =250 fb‘“ Ple, e’ = (-0.8,+0.3) ] 3 : ,‘ l‘ ) l‘ Si;nauBackgmur:d (MC) :
\200 [ 7 ~ | . Fitted Signala»Background i
(7)) C T Fitted Signal+Background ] (7)) B  — Ff!tad Signal i
E : S : E1 00 i { } il!l “ll -===-- Fitted Background ]
q.>)1 50 R | O — Fitted Background B q.>> l ll l I {
ot | ] = Tl { biys: it -
B 4N |
100} 50/} | -:‘,;!, ! _
50" ; |
0 :. PR T T SR S N TR S R . O —. PO R T TR NN TR T TN T N
120 130 140 150 120 130 140 150
data data
L=250fb"! uuh ech combined
Pleet)y=0.8+0.3) I semi-MI | MI semi-MI | MI semi-MI
Ao/o 4.2% 3.8% 6.0% 5.6% 3.4% 3.1%
Amass [MeV] 34 33 231 89 34 31
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; Fitting Results (Right Handed)
Y

AN .

uwh ech \
- T N DL L B — ' | | |
81 50 B # Zh—>ll+llx 7 g 80 | _
o {s=250GeV o
- L, =250 o', P(e, %) = (-0.8, +0.3) A - B SignaleBackground MC)
; i Fitted Signal+Background | ; 60 — Fitted SignalsBackground —-
E1 00 | - E — Fitted Signal
G,>) - — Fitted Signal G>) [ =====-" Fitted Background
Co R N B Fitted Background LU 40 L
50F
i T 20}
OM. HiLH NI e
120 130 140 150 120 130 140 150
data data

L=250fb"! uuh ech combined
P(e-,e+)=(-0.8,+0.3)
Ao/o 3.8% 6.0% 3.2%
Amass [MeV] 31 214 31
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] Mass Template Method

. To avold systematic bias of mass parameter, mass temglate ”
method 1s tried.

» Fit dataset by PDFs from template samples with different
Higgs mass.

* Template samples with M. .. = 124.85, 124.90, 124.95,
125.00, 125.05, 125.10, 13555, and 125.20 are used
(8p01nts)

» Signal PDF 1s used as histograms reconstructed from
template samples.

« BG PDF is used as 3" order polynomial from DBD sample
fitting.

« Toy-MC is made for data points, and mean of > values is
plotted and fitted by parabola.

e Mass value at minimum 72 point is estimated Higgs mass,

19
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; Fitting Result
T

N
=)
()

v? of fitting
=

—_
(@)
o

120 .

140}

N, =3000 -

toy

I

PR T R R S NN TR TR R T AN T T S T AN
1249 125 1251 125.2
Higgs mass (GeV)

e Minimum position :
x =125.018 £ 0.021 (GeV)
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; Summary and Next Plan

Y ' % b
e The recoil mass technique is an important feature at the'ILC A
to measure Higgs mass and cross section of ZH.

uu’h9 eeh uph ech combined
@2 50GeV Left Right Left Right Left Right
MI cross section | 4.2% 3.8% 6.0% 6.0% 3.4% 3.2%
mass [MeV] 34 31 231 214 34 31
semi-M] | cross section | 3.8% 5.6% 3.1%
mass [MeV] 33 89 31

« Using the mass template method, the Higgs mass can be
decided within 21MeV.

e I will estimate also the sensitivity to Higgs CP-mixture,
which can obtain a non-zero value from anomalous
coupling in 2ZHDM, from the Z production angle.

21
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BACK UP SLIDES
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i ; Lepton Selection , *
gy AL A ”

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

y Eecal / Etotal < 05 ( > 06) “h23
EtOtal / ptraCk < 0.3 ( > 0'9) 0‘0015 ::::: l::\z:\:;:
3 ).0009 RMSx  0.6048
* Good track selection g —
B good track selection

— Track with small error (different
selections between polar angle of
tracks, barrel or end cap)
dp/p> < 25x10°@8x10%/p

(for cosO < 0.78)
dp/p> < 5x10*
(for cosO > 0.78)

e Impact parameter (only for muon)

— To suppress muons from tau decays
which tend to have large impact parameters.

D,/ dD, <5
i
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; Efficiency of E
Y

Bias as expected from SM.

¢ Some selections are
optimized for semi-MI
analysis, so that eff. 1s

different from MI case.
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50

visible
Al
H decay mode | uuh (E,, eff.) | After all cut ech (E,; eff.) After all cut ‘
bb 100% 66.31% 98.68% 39.14%
wWw 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%

Evisible [GeV] |
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