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Introductory Remarks

ZH Recoil Ana. Group:
(EU) Hengne Li, Roman Poeschl, Francois Richard, Mangi Ruan, Zhiging Zhang
(JP) Kazutoshi Ito, Yosuke Takubo, Hitoshi Yamamoto

Reviewers:
(EU) Klaus Desch, (JP) Akiya Miyamoto

- Mh =120 GeV
- Ecm =250 GeV
- Beam Energy Spread:
0.3% for each beam
I - Luminosity:
500 fb-1 in Analysis
250 fb-1 results will also be reported

- Higgs-Strahlung Process:

- Higgs Recoil Mass: as requested by the ILD LOI
?71,210 Loy m220 Lo p el - I?f:)ecggr Model:
- Cross Section and Coupling - Event Generation:
Strength Measurement: SLAC
g° xo=N/Le - Simulation & Reconstruction:
DESY & KEK
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Introductory Remarks

e'reL e*Ler
e+: +1.0, e-: 1.0 e+: -1.0,e-: +1.0
Reactions Cross-Section Reactions Cross-Section
pnp X 17.1 fb X 10.97 tb
i 17.1 pb (330.4 fb) [ 12.9 pb (215.6 fb)
T 178 1L50]0) FT 12.9 pb
p“x Ja% 849.0 fb JA% 45.0 tb
UL 168 220 5 Jn 2t
[Lpee 1106.7 tb [pee 1088.6 tb
ibrT 23] il T T 14.7 fb
JTytele] 2 lle ppdq 148.6 tb
Reactions Cross-Section Reactions Cross-Section
eeX 17.9 tb eeX 11.29 fb
ee i3 (73359 i) ee 17.3 nb (658.9 fb)
T 13 1550]0) 108 12.9 pb
eeX eevy 1015.6 fb eevy 27:0¢fb
eefufs 1106.7 b eefil 1088.6 fb
eeee 995.6 fb eeee 982.4 fb
eerTT 965.1 fb eeTT 948.8 fb
eeqq 1366.5 fb eeqq 1168.9 fb
(1) ppvv and eevv have major contribution from WW, but also from ZZ.

(2) In the analysis, uuff refers to yuee + puuu + pyurr + uuqq,
and eeff refers to eeuy + eeee + eerr + eeqq
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Pre-cuts for ee and pp:
(cross-sections after pre-cuts
are in blankets)

Pre-cuts for ppu:

o M.+, € (71.18 1T isiRE g
R e e 0 (Gl

® Mrecoit € (105,165) GeV

Pre-cuts for ee:

® |cosOc+ je-| < 0.95

o M_+.- €(71.18,111.18) GeV
oi P tis e tlkCeld

o NM..oonie (105 165 RGeS
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Preparation 1: Lepton ID

* Refer to the study of Hajrah Tabassam, from discussions with Roberval
Walsh, we define our cuts for lepton ID as:

muon ID
Eecal/Etotal < 0.5

Ecal/Ptrack < 0.3

electron ID

Eecal/Etotal > 0.6
Ecal/Ptrack > 0.9

Cuts (for P>15GeV): single particle

MpX (muon ID)

eeX (electron ID)

Ntrue (N '[I‘u'[h)

31833

34301

Pol. (etreL)

for illustration | Niyen,

(no P request, select according to Mz)

Nirueniden 31063 33017

33986 34346
Efficiency (Ntrueniden/Ntrue) 97.6% 96.3%
Purity (Ntrueniden/Niden) 91.4% 96.1%
Efficiency Both lepton ID: 95.4% 98.8%

We dropped the improvements on the two muon ID applied in previous study, which is to search

for the other muon from tracks if only one muon identified, (refer to my previous reports).
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Preparation 2: AP/P? criterion in the
selection of lepton candidates

» Parameterize AP/P2 for central region o Nﬁtjvﬁglf(‘;‘:g i s
AP/P? =a®b/P; Before 2812
where a =2.5x107°% b=8 x 1074 Apply

) 3 ) After 2791

» The criterion AP/P2 applied Apply

lcosf| < 0.78: AP/P? <2x (2.5x107°® 8 x 10~*/P)
leadl| B Ut s LAY S HEG = st g

APIP* vs. P, for |cosi|<0.78

; LA S S p S S S B S e 06- sl A | T T r—:
)] I ) E : .
O aocos AP/P? parameterization Ry = ncaz, B rh R |
" 2 A i ol
= i —— AP/P? cut ; .
oy -
o e H al
o 1 i
ﬂ —][ -1
Central region P (GeV) Forward region cost)
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Preparation 3: Fitting Methods

L1 Two methods applied for the signal:

[1 Gaussian Peak Exponential Tail (GPET)

i ] (x—zg)>

e 202 =

QIS (VS

(x—xg)? E k2

| Beniiieteiiil (1 B B)e—(x—a:o);e >

L1 Convolution of Empirical with Gaussian (CEG)

F(z) = Ne4® [V°~% Fy(z + t)e™ 27 dt;

J0—=435 B_l
Fy(x) = (\/g_a?o)
L1 Background:

L1 Polynomial with 3 coefficients
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Analysis Procedures

Higgs Decay

Model SM Higgs Decay Model Independent
SM Cut-chain M| Cut-chain
Background
Rejection

Likelihood Further Rej. | Likelihood Further Re;j.
Fitting

* Background Rejection
* Rejection by Cuts
* SM Cut-Chain: Assume SM Higgs Decay
* MI Cut-Chain: Independent of Higgs Decay Model
* Further Rejection by Likelihood
* Fitting and Results
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BKG Rejection by Cuts:
SM Cut-Chain

* For SM Higgs decay, multiplicity in the final states is the most efficient (6*rerL)
criterion to reject the 2f and WW for illustration
e In order to keep the H->ttin  H->TT  Additional Number of Tracks besides the two lepton candidates
the signals : Ntks>1
ZH->uuX <10° i
* At most: Ntks>1 ' ' E - t ' ;
» How to reject evts with upX 400 m _
Ntks=2 in pp, Tt and WW ? 7 300 E
 Define AB2w« : AB between ' 200 '
these two additional tracks for | ""” ‘ T 100 3
Ntks=2 00 I 10 20 30 e 40 0 2 4 é 8I 1-0
Additional Ntks phOtOh Additional Ntks
Ntks>1 .
At o ~__—|conversions oy
10° / T 5000 | x ' ' ' E
: 20000 [ v 4000 - k
10* 3 N E : ]
10° b 15000 1T E 3000 |- WW .
102 10000 — — 2000 _ _
10k 5000 f '| ] 1000 — -
! Oo: 2 4 6 8 1:0 Oo: 2 2 6 5 1:0
-0.1 -0.05 0 0.05 0.1 . -
A8, (rad) Nitks>1 Additional Ntks Nitks>1 Additional Ntks
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MuX

eeX

Pol. (etreL)
for illustration

BKG Rejection by Cuts:
SM Cut-Chain

Nevts remained: ZH->ppX ee->Up ee->TT ee->Hpvv
before any restriction: | 8563 8.5M 8.6M 425k
Both  identified 8169 (95.4%) 257k (3%) 374Kk(88.1%)
143k (1.7%)
+ pre-cuts 7166 (83.7%) 17k (0.2%) 54k (12.6%)
+ Ntks>1 7112 (83.0%) | 8.8k (0.10%) 2k (0.025%) 959 (0.23%)
+ 1AB24>0.01 7100 (82.9%) | 819 (0.01%) 1558 (0.02%) | 122 (0.03%)
+ |ABminl>0.01 7000 (81.7%) | 506 (0.006%) | 346 (0.004%) | 18 (0.004%)
+acop (0.2, 3.0) 6495(75.8%) | 354 (0.004%) | 0 (0%) 18 (0.004%)
+Mh (115, 150) GeV | 6130(71.6%) | 229 (0.003%) | 0 (0%) 16 (0.004%)
Nevts remained: ee->ee ee->TT ee->eevv
before any restriction: | 8588 8.7G 8.6M 508k

Both e identified:

8439 (98.3%)

+ pre-cuts

5593 (62.5%)

267k (0.003%)

965k(11.3%)

415k (81.6%)

29k (0.3%)

61k (12.1%)

+ Ntks>1 :

5548 (62.0%)

16k (2x106)

8309 (0.1%)

1708 (0.34%)

+ |AB2t]>0.01

5540 (61.9%)

2607 (3x1077)

5885 (7x104)

279 (0.05%)

+ |ABminl>0.01

5448 (60.9%)

844 (1x107)

1212(1x104)

31 (0.006%)

+ acop (0.2, 3.0)

5054 (56.5%)

712 (8x108)

0 (0%)

30 (0.006%)

+Mh (115, 150) GeV

4631 (51.8%)

456 (5x10°8)

0 (0%)

11 (0.002%)
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Nevts are weighted according to the
cross-sections and luminosity 500 fb-

» Seems AB2 is not enough
 Define ABmin :

* the smallest AB between
the additional tracks and the
muon candidates

A8 between Additional Tracks and u candidates

A
I — ZH->uuX

— ee->uu

0.05 0.1

A9 (rad)

Llmlplcng

-0.

» Because mis-identification of
other particles to be muons/
electrons
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BKG Rejection by Cuts:
MI Cut-Chain

 Cuts, based on lepton pair properties:

* muon channel with pol.
e+geL for illustration
e MM are pre-cutted

o
2

>
S
o -1
o Pry > 20 GeV g0
E 10%
(o)
o Mgy € (80, 100) GeV 2 .
Pol. etreL .
: . e acop € (0.2, 3.0) * L i
fOI‘I||US'[ra’[I0n 0 20 40 60 80 1OOP120(G1A{?)
e
Nevts remained: ZH->ppX ee->u ee->TT ee->HuvvV ee->uuff " -
L , , -
“I‘IX before any restriction: | 8563 8.5M 8.6M 425k 710k s —uuH
8 10-1 Mdl _Huff -
Both p id + pre-cuts | 7166 (83.7%) 143k (1.7%) | 17k (0.2%) | 54k (12.6%) | 48k (6.7%) | = Tvy
g h
+ Prai > 20 GeV 6777(79.1%) | 71k(0.81%) | 12k(0.14%) | 46k(10.8%) |38k(5.4%) | 2 '°
+ Ma € (80, 100) GeV | 6230(72.7%) 54k(0.64%) | 6578(0.08%) | 27k(6.4%) 30k(4.2%) 0 ‘
+ acop (0.2, 3.0) 5827(68.0%) 45k(0.53%) | 0(0%) 25k (6.0%) 27k(3.8%) 10‘40 50 700 150 200 250
M, (GeV)
eex Nevts remained: ZH->eeX ee->ee ee->TT ee->eevv ee->eeff “:‘;P
©
before any restriction: | 8588 8.7G 8.6M 508k 2.2M S
N
Both e id + pre-cuts | 5593 (62.5%) | 267k (0.003%) | 29k (0.3%) | 61k (12.1%) | 41k (1.8%) g
(o]
pz4
+ Pra > 20 GeV 5283 (59.1%) | 195 (0.002%) | 20k (0.24%) | 53k (10.4%) | 35k (1.6%)
+ Ma € (80, 100) GeV | 4508 (50.4%) | 108 (0.001%) | 12 (0.14%) | 29k (5.8%) | 25k (1.1%)
+ acop (0.2, 3.0) 4211 (47.1%) | 98k (0.001%) | 866 (0.01%) | 28k (5.4%) | 23k (1.0%) acop (rad)
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BKG Rejection by Cuts:
Independent of Higgs Decay Model

NEW! ISR Pt balance for pu and ee rejection

P, vs. PTy of ISR Photon, uu

Idea: (Thanks to Francois’ idea) S BT
e For yu and ee: Pt of ISR photon should balance the 8 7k E
Pt of di-lepton system; IR T .
e For signal: Impossible to have ISR to balance Z Pr, I .
independent of Higgs decay model. S N
Requirements: a0f
e Mai € (80, 100) GeV: large FSR events are removed sob T
e Prqi> 20 GeV: Large Pt ISR photon can be detected SR 3
20 ——= A
0
Define APtpal. = Ptdi - P1y Reduces py and
b APTb l. > 10 GeV ee further by 1 tO Pra VS. Py, of ISR Photon, ZH — uuX
AU)TbaI. E ———— Ii ———— 2 orders of < T ]
= 4 4 [} ]
3 %¢ « magnitude S E
0 F Signal lost: ~1% " :
10° g ISR photon X :
10 £ conversions HHA
1_5...H.HITIH Nl 60 80 _ 100

-100 -50 ol 50 100 P, (GeV)
AP+ (GeV)
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BKG Rejection by Cuts:
Independent of Higgs Decay Model

To reject the ISR Photon conversions:
e Cut |AB2t|>0.01 : Only apply on events with 2 additional tracks
e Reject yu and ee Further by a factor of 2.

Pol. etge for

illustration
Nevts remained: ZH->ppX ee->H| ee->TT ee->Huvv ee->upff
before any restriction: 8563 8.5M 8.6M 425k 710k
cuts applied before 5827(68.0%) 45k(0.53%) 0(0%) 25k(6.0%) 27k(3.8%)
H IJX + APtpa. > 10 GeV 5712(66.7%) 2618(0.03%) 0(0%) 23k(5.5%) 25k(3.6%)
+ |AB2I>0.01 5704(66.6%) 1044(0.01%) 0(0%) 23k(5.4%) 25Kk(3.6%)
+ Mh (115, 150) GeV 5553(64.8%) 761(0.009%) 0(0%) 16k(3.8%) 15.5k(2.2%)
Nevts remained: ZH->eeX ee->ee ee->TT ee->eevv ee->eeff
before any restriction: 8588 8.7G 8.6M 508k 2.2M
cuts applied before 4211 (47.1%) | 98k (0.001%) 866 (0.01%) 28 (5.4%) 23k (1.0%)
eeX + APtpa. > 10 GeV 4095 (45.8%) | 6618 (8x10-7) [ 606 (0.007%) 24Kk (4.7%) 22k (0.98%)
+ |AB2I>0.01 4089 (45.7%) | 3660 (4x10-7) 519 (0.006%) 23.5Kk (4.6%) 21.5k (0.98%)
+ Mh (115, 150) GeV 3960 (44.3%) | 2706 (3x10-7) 260 (0.003%) 16.5k (3.3%) 13k (0.59%)

2009-FEB-16 HENGNE LI @ LAL

ILD MEETING, SEOUL, FEB 2009




BK Further Rejection by Likelihood

After Cuts Rejection, Apply Further
Rejection using Likelihood Method

Likelihood: Probability

Z/

Likelihood Fraction:

fr =Ls/(Ls+ Lp)
within (0, 1)

Decide the f. cut by the
maximum significance

f_ Distribution Nevts remained vs. f, cuts

Z Ll Ll Ll Ll Z

600 — signal . 20000 - Signal
— background 15000k — background ]
400 .
10000
200F
5000(F
O 1 1 1 1 o 1 1 1 1
0 02 04 06 08 1 0 02 04 06 08 1
. . . fL N t f f_cuts
fu Distribution evivs. L
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151
e
i
©
o
2
=
<

Acol

©

=}

®©
T

Normalized a.u.
o
o
o ()]
™TT ™TT LA L ™7 .

0.04 |
0.02
3
Acol (rad)
P, Prai
3 0.06 |- ' ' E
5 | —hwH ]
Sooal uuff -
E L 4
5 I ]
pzd L J
0.02 s
0 20 20 50 80
Pt, (GeV)
Significance vs. fL cuts
? 40 [ T T
d
n 30}
20F
fu> 0.31
10F
O 1 1 1 1
0O 02304 06 0.8 1
. e f_cuts
Significance

PDFs

o,  COSOq)
§0.04 - —MW'_' -
éo.os - Tt E
20.02 - -

0.01 - -
1 0.5 (; 0.5 1
cosf,,

w, Mai
;—;;-0.15
s f
E 01f
2

0.05
0 [
Taken:
Pol. etreL
muon channel
SM Analysis
For illustration
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Background Rejection Summary Table

Ana. Pol. Ch. Cuts MUX/eeX HMM/ee TT  UpvV/eevv ppff/eeff S/B S/v/(S+B)
SM cut-chain: 6130(71.6%) 229 0 16 21.9k
etr 5 + f1>0.31 5116(59.7%) 63 0 7 11.3k 0.45 39.8
eL SM cut-chain: 4631(51.8%) 456 0 11 20.2k
o Ny + f1>0.33 3939(44.0%) 180 0 6 10.5k 0.37 32.6
SM cut-chain: 3947(72.0%) 146 0 0 11.0k
ot I +1>027 | 3435626%) | 3 0 0 53k | 064 367
eR SM cut-chain: 3947(72.0%) 338 0 2 9.9k
i + f.>0.30 2480(43.9%) 142 0 0 4.7k 0.52 29.0
MI cut-chain:  5553(64.8%) 761 0 16k 15.5k
e*r A +f>0.19 4600(53.7%) 471 0 8244 9297 0.26 30.6
eL MI cut-chain:  3960(44.3%) 2706 260 16.5k 13k
$ + fi>0.17 3374(37.7%) 1524 260 9403 8175 0.17 22.4
4 MI cut-chain:  3605(65.7%) 518 0 1452 7309
et : + f1>0.24 3208(58.5%) 362 0 1075 4563 568 33.4
eR MI cut-chain:  2511(44.5%) 2457 195 1339 6119
+ f1>0.29 2154(38.2%) 1463 195 837 3439 0.36 24.0
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Fittings

Ana. Pol.

HpX

eeX

GPEG

CEG

GPET

CEG

€R
€L

i e R
€L

. e'L

: eR  w

Higgs Recoll Mass Spectrum, u channel,\§=250GeV, ILD_00

T T
— Data

—— Signal

—— Backgrounds

Higgs Recoil Mass Spectrum, u channel,\s=250GeV, ILD_00

50
0
120 130 140 150
Mhiggs (Gev)
S M Higgs Recoil Mass Spectrum, i channel,Js=250GeV, ILD_00
~ 150 ' " " N
e — Data E
‘\@ 100 | —— Signal R
+ 5 ML —— Backgrounds )
e L > }| !} 1
w i i
e = R 50 -
I ]
" # W} % M’W’, i g
oLy e o Mook
120 1 30 140 150
Mhiggs (Gev)

T T
— Data
—— Signal
—— Backgrounds

P TR R

140 150
Mygq6 (GeV)

Higgs Recoil Mass Spectrum, u channel,N§=250GeV, ILD_00

T T
— Data

—— Signal
—— Backgrounds

¥ ‘W “‘W’“Wwy"\ W,

1 30 140 150
Mggs (GeV)

Higgs Recoll Mass Spectrum, i channel,N§=250GeV, ILD_00

— T T 3
N 250 =
S — Data ]
; 200 —— Signal E
€ —— Backgrounds E
g 150 3
w 3
100 & -]
50 A T e
: v ’%“"”m’,.‘mm
o S i gt
120 130 140 150
Mhiggs (GeV)

Higgs Recoll Mass Spectrum, 1 channel,N§=250GeV, ILD_00

150 T T T
— Data
—— Signal
—— Backgrounds

Events/(0.2)

120 1 30 140 150
Mhiggs (GeV)
Higgs Recoil Mass Spectrum, . channel,\s=250GeV, ILD_00
— T T T
N
o

—— Signal
—— Backgrounds

Events / (

130 140 150
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— T T E
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g —— Signal ]
§2} —— Backgrounds 1
< 100 ]
] ]
> ]
w ]
50 i .
4 ) ]

0 ‘ WW“‘“‘WWM‘\WM,..\.

120 1 30 140 150
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< 180 —— Backgrounds
2 L
S N
>
O 100
50
o :
120 130 140 1 50
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—— Backgrounds
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~ 250 T
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—— Backgrounds

Events /(0.2

50 ! "
: Wity i, "«“M. Wi oo
0 4y bt s
120 1 30 140 150
Mhiggs (Gev)

Higgs Recoil Mass Spectrum, e channel,s=250GeV, LDC_00

~ 100

J — Data

e —— Signal
-~ 80 —— Backgrounds
b2}
g 60
>
w

40 ¢

20}

0
120 130 140 150
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M Higgs :

RilEavorite Fitting I (GPET) coesion 8

11.31 £ 0.39 b (0.34%)
Higgs Recoil Mass Spectrum, u channel,\/'s=250GeV, ILD_00

© 300 —e— Data _
= —— Signal -
—x— Backgrounds -

-~
2,
3
3 200
LL

100 p

120 130 140 150
Pol. e*Ler , SM analysis, upuX, GPET Fitting, Best S/B Mhiggs (GeV)
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M Higgs :

[l #Favorite Fitting I[1: ' (CEG)  cossocton:

11.33 £ 0.39 fb (3.4%)

Higgs Recoil Mass Spectrum, u channel,\/'s=250GeV, ILD_00

-~
2,
3
3 200
LL

100

—— Data —
—— Signal -
—— Backgrounds _

R N SR S

0
120

Pol. e*Ler , SM analysis, X, CEG Fitting, Best S/B
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Mass Resolution vs. Beam Energy Spread

An Important Issue, before give you all the results:
e The Mass Resolution introduced by Beam Energy Spread (0.3% for each
beam), is larger than we expected.
By (Gaussian) fitting the left side of the Mass Peak of:
e the Generator Data: AMpeam = 730 MeV

e the Simulation Data: AMiotai = 870 MeV | AMiotal = AMbeam @ AMdetector | |
= AMdetector = 470 MeV

—— Generator Data

Which means:

------ Simulation Data ] The Machine Introduced more

| inaccuracy into the Recoil Mass |
measurement than our ILD Detector!

In reporting the results: | Will
. Separate the Stat. Err. of Mh into

120 130 140 150 : |
Pol. e*reL | UHX Mhiggs (GeV) 6Mbeam and 6Mdetector accordlngly 4 :

« g— v
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Results Summary Table

Results in Blue: according to 500 fb-1,
Results in Red: according to 250 fb™!, as requested by the ILD LOI.

My stat. err. (MeV % ;
% el SMeotal 6Mbeam( | OMaea: iiii‘s esric(%n ?L S I
DO e e o+ | 3 | 31 | ad 0.45 39.8 I
) RN 17 | 66 | 44 | 62 0.37 326 ||
Do IRl o0 | a2 sl 27 | 3 | 34 | 4 0.64 36.7 I
DI - | 76 | 48 | 68 0.52 29.0
Do B o e s 27 | 38 | 38 | 54 0.26 30.6 |
y B 004 e 06| 66 | 93 | 52 | 74 0.17 224 |
U e 28 [ a0 [ 37 | 52 0.53 33.4
S LS o sl e g 73 | 103 | 58 | 8.2 0.36 24.0

e The Stat. Err. of M is separated into 8Mpeam and dMagetector according to the AMpeam and AMgetector ,
(different for puX and eeX; for eeX, AMiota = 970 MeV, AMpbeam = 730 MeV and AMgetector = 640 MeV)

e Stat. Err.s of Cross-Section are reported relatively (in %), since the cross-sections are different
between two polarization setups
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Conclusions and To Do List

Conclusions

e Analyses are done and methods are validated for yuX and eeX channels, with full
polarizations.

Both fitting methods give the similar good results

e Machine introduced larger error into the Higgs mass measurement than the ILD
Detector

Mh stat. err.s are separated into machine contributions and detector
contributions : Helpful for the detector performance study

To Do List

e Results with LOI requested polarizations (e:+80%, p:-30%) and (e:-80%, p:+30%)
will be given as soon as possible.

e Up to now, no gamma-gamma backgrounds taken into the fittings: results are
coming soon.

Kazutoshi is going to give the talk about
the gamma-gamma rejection next.
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Thanks!
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AP/P? criterion in the selection of lepton
candidates

* Protect our study from bad measured tracks

AP/P*

» AP/P2 criterion for our lepton candidates is applied
» With Francois’ directions and validations step by step
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Background Rejection Summary Table

Pol. | Ana. | Cha.

0
SM
e
etR
e-L
u
Ml
e
0
SM
e
e+l
e-R
M
Mi

Cuts

SM cut-chain:

+ fL>0.31

SM cut-chain:

HAfL>0L33

MI cut-chain:

+ fL>0.19

MI cut-chain:

+ fL>0.17

SM cut-chain:

+ fL>0.27

SM cut-chain:

+ fL>0.30

MI cut-chain:

+ fL>0.24

MI cut-chain:

+ fL>0.29

MUX/eeX

6130(71.6%)
5116(59.7%)

4631(51.8%)
3939(44.0%)
5553(64.8%)
4600(53.7%)
3960(44.3%)
3374(37.7%)
3947(72.0%)
3435(62.6%)
3947(72.0%)
2480(43.9%)
3605(65.7%)
3208(58.5%)
2511(44.5%)
2154(38.2%)
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HU/ee
229
63
456
180
761
471
2706
1524
146
31
338
112
518
362
2457
1463

25

TT

O EEE O EEN © ES

260
260

O ESEN O EEN © ES

195
195

MUVV/eevv U uff/eeff

16
i
11
6
16k
8244
16.5k
9403

O IN| O |

1452
1075
1339
837

21.9k
11.3k
20.2k
10.5k
15.5k
9297
13k
8175
11.0k
5.3k
9.9k
4.7k
7309
4563
6119
3439

S/B

0.45

0.37

0.53

0.36

0.26

0.17

0.64

0.52

S/+/(S+B)
39.8
32.6
33.4
24.0
30.6
22.4
36.7

29.0
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Results

ROISEF @IS Bl M, (GeV) Cross-Section (fb)
ete; | upX | GPET | 119.977 & 0.044 | 17.15 + 0.54 (3.1%)
CEG | 120.158 £ 0.046 | 17.21 £ 0.54 (3.1%)
eeX | GPET | 119.954+0.072 | 18.38 £ 0.81 (4.4%)
SM CEG 1208226 ER 0107 SH SIS EEINS N @M 70)
efer | puX | GPET | 119.981+0.050 | 11.31 =+ 0.39 (3.4%)
CEG 120806 9=H 005 H ISR =EIFB I3k 75
eeX | GPET | 119.997+0.084 | 11.46 + 0.55 (4.8%)
CEG IPIOPATE = OERPAS | TR A5 2 055+t )
Polss+ [@he =+ 4 Fit: M, (GeV) Cross-Section (fb)
ete; | puX | GPET | 119.938 £ 0.049 | 16.75 % 0.65 (3.9%)
CEG ILAC O3 (D0 LG T am T4 (),
MI eeX | GPET | 120.094+0.110 | 20.29 + 1.06 (5.3%)
CEG | 120.286 £ 0.100 | 20.35 £ 1.06 (5.3%)
efer | upX | GPET | 120.004 +0.052 | 11.24 £ 0.42 (3.7%)
CEC | 120.102+£0.054 | 11.05 £ 0.41 (3.7%)
eeX | GPET | 119.981+0.112 | 10.79 + 0.63 (5.8%)
CEG 9002 ORI DN O FETEE RN SIS 70
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SM Rejection

Nevts Remained: s X i TT JI%%

Before any restriction: | 8563 8.0M 8.6M 425k

Both u identified 8169 (95.4%) 257k (3%) 374k (88.1%)
+ pre-cuts 7166 (83.7%) | 143k (1.7%) 17k (0.2%) 54k (12.6%)
+ Nadatg > 1 7112 (83.0%) | 8.8k (0.10%) | 2k (0.025%) | 959 (0.23%)
+ Al > 0.01 7100 (82.9%) | 819 (0.01%) 1558 (0.02%) | 122 (0.03%)
+ Abpin > 0.01 7000 (81.7%) | 506 (0.006%) | 346 (0.004%) | 18 (0.004%)
+ acop (0.2, 3.0) 6495(75.8%) | 354 (0.004%) | 0 (0%) 18 (0.004%)
+ My, (115, 150) GeV | 6130(71.6%) | 229 (0.003%) | 0 (0%) 16 (0.004%)

Table 4: Number of events remained after each cuts for uuX, Polarization e;{eg

Nevis Remained: eeX ee GRTR eevy

Before any restriction: | 8588 8.7G 8.6M 508k

Both e identified 8439 (98.3%) 965k (11.3%) 415k (81.6%)
+ pre-cuts 5593 (62.5%) | 267k (0.003%) 29k (0.3%) 61k (12.1%)
+ NagaTk > 1 5548 (62.0%) | 16k (2 x 107°) | 8309 (0.1%) 1708 (0.34%)
+ Af > 0.01 5540 (61.9%) | 2607 (3 x 10~7) | 5885 (7 x 10~%) 279 (0.05%)
+ AbOmin > 0.01 5448 (60.9%) | 844 (1 x 10~7) [ 1212 (1 x 10=%) | 31 (0.006%)
+ acop (0.2, 3.0) 5054 (56.5%) | 712 (8 x 1078) | 0 (0%) 30 (0.006%)
+ My, (115, 150) GeV | 4631 (51.8%) | 456 (5 x 1078) | 0 (0%) 1 (0.002%)

Table 5: Number of events remained after each cuts for eeX, Polarization e
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SM Rejection

Nevts Remained: s X . TT J %%
Before any restriction: | 5484 6.4M 6.4M 22.5k
Both p identified 5248 (95.7%) 193k (3%) 17.8k(79.2%)
+ pre-cuts 4620 (84.2%) | 93.5k (1.5%) | 13.4k (0.2%) 3883 (17.3%)
+ Nadda.Tg > 1 4592 (83.7%) | 5680 (0.09%) | 1626 (0.025%) | 58 (0.26%)
+ Al > 0.01 4584 (83.6%) | 526 (0.008%) | 1171 (0.02%) | 6 (0.03%)
+ Abpin > 0.01 4513 (82.3%) | 335 (0.005%) | 260 (0.004%) | 0 (0%)
+ acop (0.2, 3.0) 4172 (76.1%) | 249 (0.004%) | 0 (0%) 0 (0%)
+ My (115, 150) GeV | 3947 (72.0%) | 146 (0.002%) | 0 (0%) 0 (0%)

Table 6: Number of events remained after each cuts for uuX, Polarization e;’ er
Nevis Remained: eeX ee 777473 eevy
Before any restriction: | 5645 8.7G 6.4M 35.2k
Both e identified 5544 (98.2%) 725k(11.3%) | 21.6k (61.3%)
+ pre-cuts 3534 (62.6%) | 241k (0.003%) 22k (0.3%) 3999 (11%)
+ Nada.tk > 1 350382 NICA N TG iloss 1§ He 24 it 7l (0:%%)
+ Abse > 0.01 3497 (61.9%) | 2216 (3 x 10~7) 4423 (0.07%) | 8 (0.02%)
+ Alpin > 0.01 S (R L F IS (e s 911 (0.01%) | 2 (0.0006%)
+ acop (0.2, 3.0) 3209 (56.9%) | 552 (6 x 1079) 0 (0%) 2 (0.006%)
+ My, (115, 150) GeV | 2935 (52.0%) | 338 (4 x 1079) 0 (0%) 2 (0.006%)

Table 7: Number of events remained after each cuts for eeX, Polarization e
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MI Rejection

T [Ab2[ > 0.01

4089 (45.7%)

3660 (4 x 10~7)

23.5k (4.6%)

21.5k (0.98%)

Nevts Remained: X o TT JIn%% uf f
Before any restriction 8563 8.5M 8.6M 425k 710k
+ Both p identified 8169.5 (95.4%) 257k (3.0%) | 374k (88.1%) | 432k (60.9%)
+ pre-cuts 7166 (83.7%) 143k (1.7%) 18k (0.2%) 53k (12.6%) | 48k (6.7%)
= Prar > 20 GeV 6777 (79.1%) 71k (0.81%) 12k (0.14%) | 46k (10.8%) | 38k (5.4%)
+ My € (80, 100) GeV 6230 (72.7%) 54k (0.64%) | 6578 (0.08%) | 27k (6.4%) 30k (4.2%)
+ acop € (0.2, 3.0) 5827 (68.0%) 45k (0.53%) | 0 (0%) 25k (6.0%) 27k (3.8%)
+ APrpq. > 10 GeV 5712 (66.7%) 2618 (0.03%) | 0 (0%) 23k (5.5%) 25k (3.6%)
+ |Af2| > 0.01 5704 (66.6%) 1044 (0.01%) | 0 (0%) 23k (5.4%) 25k (3.6%)
+ Mrecon € (115, 150) GeV | 5553 (64.8%) 761 (0.009%) | 0 (0%) 16k (3.8%) 15.5k (2.2%)
Table 13: Number of events remained after each cuts for puX, Polarization
eﬁeg.
Nevts Remained: eeX ee T eevy eef f
Before any restriction 8588 8.7G 8.6M 508k 2.2M
+ Both p identified 8791 (98.3%) 965k (11.3%) | 415k (81.7%) | 880k (40.0%)
+ pre-cuts 5593 (62.5%) | 267k (0.003%) 29k (0.34%) | 61k (12.1%) | 41k (1.8%)
+ Prq > 20 GeV 5283 (59.1%) | 195 (0.002%) 20k (0:24%) « + [+ 53k: (110:4% )+ | *35SERGIEN
+ My € (80, 100) GeV 4508 (50.4%) | 108 (0.001%) 12 (0.14%) 29k (5.8%) 25k (1.1%)
+ acop € (0.2, 3.0) 4211 (47.1%) | 98k (0.001%) 866 (0.01%) | 28 (5.4%) 23k (1.0%)
+ APrpq. > 10 GeV 4095 (45.8%) | 6618 (8 x 10~7) | 606 (0.007%) | 24k (4.7%) 22k (0.98%)
(
(

ik Mrecoil = (115, 150) GeV

3960 (44.3%)

206832410550

(
519 (0.006%)
260 (0.003%)

16.5k (3.3%)

13k (0.59%)

+

Table 14: Number of events remained after each cuts for eeX, Polarization ege; .
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MI Rejection

Nevts Remained: X o G JnZ% ppf f
Before any restriction 5484 6.4M 6.4M 22.5k 629.6k
+ Both p identified 5248 (95.7%) 193k (3.0%) 17.8k (79.2%) | 363 (57.6%)
+ pre-cuts 4620 (84.2%) | 93k (1.5%) 13k (0.21%) 3883 (17.3%) | 26k (4.2%)
+ Prg > 20 GeV 4380 (79.9%) | 47k (0.74%) 9041 (0.14%) | 3478 (15.5%) | 19k (3.1%)
+ Mg € (80, 100) GeV 4046 (73.8%) | 36k (0.56%) 4943 (0.08%) | 2692 (12.0%) | 14k (2.2%)
+ acop € (0.2, 3.0) 3771 (68.8%) | 29k (0.46%) 0 (0%) 2492 (11.1%) | 13k (2.0%)
+ APrpqa. > 10 GeV 3697 (67.4%) | 1701 (0.027%) | 0 (0%) 2421 (10.8%) | 11.8k (1.9%)
+ |Ab24| > 0.01 3692 (67.3%) | 710 (0.011%) 0 (0%) 2392 (10.6%) | 11.7k (1.9%)
+ Mecon € (115, 150) GeV | 3605 (65.7%) | 518 (0.008%) 0 (0%) 1452 (6.5%) 7309 (1.2%)
Table 15: Number of events remained after each cuts for puuX, Polarization
efeg.
Nevis Remained: eeX ee i eevy eeff
Before any restriction 5645 8.7G 6.4M 35200 2.1M
+ Both pu identified 5544 (98.2%) 725k (11.3%) | 22k (61.4%) 773k (36.8%)
+ pre-cuts 3534 (62.6%) | 241k (0.0028%) | 22k (0.34%) 3998 (11.4%) | 21k (1.0%)
+ Prg; > 20 GeV 3334 (59.1%) | 182k (0.002%) 15k (0.24%) 3562 (10.1%) | 18 (0.8%)
+ Mg € (80, 100) GeV 2845 (50.4%) | 98k (0.001%) 8781 (0.14%) | 2495 (7.1%) 12k (0.57%)
+ acop € (0.2, 3.0) 2673 (47.4%) | 89k (0.001%) 650 (0.01%) 2317 (6.6%) 11k (0.52%)
+ APrpq. > 10 GeV 2606 (46.2%) | 5984 (7 x 10~7) | 455 (0.007%) | 2221 (6.3%) 10k (0.48%)
+ |Af2| > 0.01 2602 (46.1%) | 3307 (4 x 10~7) | 390 (0.006%) | 2191 (6.2%) 10k (0.48%)
+ Myecoir € (115, 150) GeV | 2511 (44.5%) | 2457 (3 x 10~°) | 195 (0.003%) | 1339 (3.8%) 6119 (0.29%)

+

Table 16: Number of events remained after each cuts for eeX, Polarization e; ey, .
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