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Introductory Remarks

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

Reviewers:

(EU) Klaus Desch, (JP) Akiya Miyamoto

- M1 =120 GeV
- Ecm =250 GeV
- Beam Energy Spread: 0.3% for each beam
- Beamstrahlung: N/A (@
- - Luminosity: 250 fb-'
- Polarization:
ere*L: (e: +80%, e*: -30%)

- Higgs-Strahlung Process:

- Higgs Recoil Mass: ere’r: (e -80%, e*: +80%)
744 38 2 - Detector Model: ILD_00
Mio =S+ myo — 2K S —
g B 20Vs - Event Generation:
- Cross Section and Coupling WIZARD v1.40 (by SLAC)
SElldintilcasuement: - Simulation & Reconstruction:
e o) = NI ILCSoft v01-06 (by DESY & KEK)

4 38 (@ Discussed in the conclusions
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Introductory Remarks

e rRe*L eLe'r
MpX HpX
Reactions Cross-Section Final State Cross-Section
ppX 7.02 fb ppX 10.40 b
i 10.44 pb (137.71 fb) o 8.12 pb (200.85 fb)
<7 SEEE S35 s 10454.80 fb
2% 56.10 fb Jinz% 498.28 tb
pf f 1194.20 b WALBTT 1282.22 b
eeX eeX
Final State Cross-Section Final State Cross-Section
eeX 7.48 tb eeX 11.11 fb
ee 17.30 nb (650.894fb) ee 17.30 nb (692.53 fb)
i o5 (581094115 TiF 10454.80 b
eevy 105.49 fb eevy 625.45 fb
eef f 4148.93 rb eeff 4283.07 fb

(1) ppvv and eevv have major contribution from WW, but also from ZZ.

(2) ppffrefers to ypee + puup + puTr + Ppqq,
eeff refers to eeuy + eeee + eerr + eeqq
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Pre-cuts for ee and ppu:
(cross-sections after pre-cuts
are in blankets)

Pre-cuts for uu:

o M, €(71.18,111.18) GeV
o Pr,+,~ > 10 GeV

© M ecoit € (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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Preparations

1) Cuts for lepton ID: Efficiency of lepton pair ID:
(pair selection according to Z° Mass)

p-Identification | e-Identification
EgcaLr/Eiotal <0.5 > 0.6 MpX (muon ID) : 95.4%
Etotat / Perack <03 > 0.9 eeX (electron ID) : 98.8%
ol ot R
2) AP/P2 criterion on tracks in the selection of ; ‘ op ,
lepton candidates . =
o

» Parameterize AP/P2 for central region

AP/P? = a®b/P; AT

where a = 2.5 x 1075 b= 8 x 10~* Contral region BiGsh
* The criterion AP/P2 applied R ' T3

\P/P?

—— —
1

[cos0| < 0.78: AP/P?2 <2 x (25X 107268 x10-*/P)
[E50 S0 S NP (Bt >l O

AP is propagated from tracking error matrix

Forward region cosf
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Analysis Procedures

Higgs Decay Model Model Independent (Ml) SM Higgs Decay (SM)
MI Cut-chain SM Cut-chain
Background
Rejection

Likelihood Further Rejection

Fitting and Results

* Background Rejection
* Rejection by Cuts
* MI Cut-Chain: Independent of Higgs Decay Modes
* SM Cut-Chain: Assume SM Higgs Decay
* Further Rejection by Likelihood with Model Independent variables
* Fitting and Results
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Pol. eret
for illustration

Background Rejection by Cuts:
MI Cut-Chain

MI Cut-Chain & Nevts after each cuts:

Nevts remained: MHX MM TT MHVV | puff

before any restriction: 1754 2.0M | 2.0M | 14k | 299k
Both  id + pre-cuts 1478(84.27%) | 30k | 4528 | 2481 | 10k

+ P1a > 20 GeV 1402(79.97%) | 15k | 3139 [ 2223 | 7390
+ Maie(80, 100)GeV 1299(74.10%) |11k | 1750 | 1633 | 5257
+acop (0.2, 3.0) 1211(69.05%) | 9402 |0 1505 | 4741
+ APtpa. > 10 GeV 1188(67.75%) [529 |0 1464 | 4367
+ 1AB2xI>0.01 1186(67.65%) | 226 |0 1448 | 4340
+ Mrecoiie(115, 150) GeV | 1156(65.93%) [ 165 |0 900 |[2729
Nevts remained: eeX ee TT eevv | eeff

before any restriction: 1869 43G |20M |26k | 1.0M
Both e id + pre-cuts 1172(62.71%) | 119k | 6778 | 3155 | 9430
+ Pra > 20 GeV 1100(58.86%) | 90k | 4694 [ 2808 | 7909
+ Mae(80, 100) GeV 937(50.13%) | 48k [ 2556 | 1929 | 5317
+acop (0.2, 3.0) 879(47.06%) |44k |222 |[1807 |4823
+ APtpa.> 10 GeV 857(45.88%) 2962 | 139 | 1712 | 4389
+ |AB2xI>0.01 856(45.80%) 1653 | 111 | 1692 | 4365
+ Mrecoic(115, 150)GeV | 828 (44.29%) | 1230 |28 | 1043 | 2675
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Normalized a.u.

Normalized a.u. §
°
3

o Prgy > 20 GeV

Cuts based on lepton pair properties:

o My € (80, 100) GeV

e acop € (0.2, 3.0)

Prd

R
I
M-

20 40 60

80 100 120 140
Py (GeV)

acop

T T
—uuH ]
__.!J,l_,l, -1
- TT ;

acop (rad)

=
[

Normalized a.u.

=

Normalized a.u.g

10"

g
o i 2t T
10 PRCE A
3 ' 3
-

10° F

oil

10"

muon channel with pol.
ere* for illustration
MU are pre-cutted

M

50 100

150

E — upH

E - -1

JE uuff

1072. .."'-”“‘ oy

10° |’ o

Mrecoil

-

N TTAY

M

recoil (

TILC09,TSUKUBA, APR 2009



Background Rejection by Cuts:
Independent of Higgs Decay Model

ISR Pt balance for yy and ee rejection P, B, of 1 Pt
Idea: (Thanks to Francois’ idea) E 70f
e For pp and ee: Pt of ISR photon should balance the N
P of di-lepton system; sof. . g
e For signal: Impossible to have ISR to balance Z Pr, w0f ;;;'.5"'“,..1; o
independent of Higgs decay model. sof
Requirements: .
e Ma € (80, 100) GeV: large FSR events are removed Pr, (GeV)

Prq vs. P, of ISR Photon, ZH — uuX
80

e Prqi > 20 GeV: Large Pt ISR photon can be detected

Define APtpal. = Prai - P1y Reduces pp and
APTbiI. >10 GeV  ee further by 1 to 5

70 E-

Pra (GeV)

APrpg, B
2 «b ] 2 orders of 40
2 b X ] magnitude 0 ]
10° E —uu 3 Slgnal lost: ~1% 205° 80100
C ] Pr, (GeV)
102 E
- To reject the ISR Photon conversions:
10 3 ISR photon e Cut |AB2|>0.01 : Only apply on events with |
bl 11 d conversions 2 additional tracks
-100 -50 ol 50 100 ¢ Reject pp and ee Further by a factor of 2.

AP+ (GeV)
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Pol. (eretL)
for illustration

Background Rejection by Cuts:

SM Cut-Chain

SM Cut-Chain & Nevts after each cuts:

Nevts remained: MHX MM TT MHVV | puff

before any restriction: 1754 2.0M [ 2.0M | 14k | 299k
Both p id + pre-cuts 1478(84.27%) | 30k | 4528 | 2481 | 10k

+ Ntks>1 : 1469(83.78%) | 1813 | 472 | 31 8537
+ |AB2xI>0.01 1467(83.63%) [ 162 |[361 |3 8423
+ |ABminl>0.01 1444(82.36%) | 105 | 111 0 7487
+ acop (0.2, 3.0) 1336(76.16%) |0 0 0 6635
+ Mrecoiie(115, 150) GeV | 1263(72.00%) | O 0 0 4119
Nevts remained: eeX ee TT eevv | eeff

before any restriction: 1869 4.3G | 2.0M | 26k 1.0M
Both e id + pre-cuts 1172(62.71%) | 119k | 6778 | 3155 | 9430
+ Ntks>1 : 1160(62.10%) | 7215 | 1889 | 50 8455
+ |AB2I>0.01 1158(61.99%) | 1114 | 1361 |5 8397
+ |ABminl>0.01 1140(61.01%) [324 |278 |0 7905
+ acop (0.2, 3.0) 1058(56.61%) [275 |0 0 7060
+ Mrecoiie(115, 150)GeV | 969(51.87%) 172 |0 0 4367

2009-APR-18
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For SM Higgs decay, multiplicity in the final states is
the most efficient criterion to reject the 2f and WW

* In order to keep the H->TT in the signals :
o At most: Ntks>1
* How to reject evts with Ntks==2 in pup, Tt and WW ?

Additional Number of Tracks besides the two lepton candidates

| ZH->uuX e Ntks>1 "
500l H->TT 5 ' E so0 b I ' ' ]
400 l X 3 ] ]
“H ] 400 - HH 3
800 E 300 | 3
200 3 200 E E
100 || | 3 100 | 7 3
0 | |IIII Illn. ] o : . ) ] ]
0 10 20 30 40 / 2 4 6 8 10
NtkS>1 Additional Ntks / Additional Ntks
~_~photon conversions vy
| e— soob I\
20000 TT ; a000 |- WW
15000 E 3000 3
10000 | ' 2000 3
5000 - ” 3 1000 | 3
% 2 6 8 10 ) 2 4 6 3 10
Ntks>1 Additional Niks Ntkb>1 Additional Niks
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Background Rejection by Cuts:
SM Cut-Chain

To reject evts with Ntks==2 in uu, Tt and WW

1)

additional tracks for Ntks==2.

* Apply | AB2i 1>0.01 to reject photon
conversions

A6, Ntks==2

10° —
10* —
10° —
10° —

10 F

-0.1

0.1
AD (rad)

* Reduced the pu/ee and WW further
by ~ 1 order of magnitude, with a
signal lost of only ~ 0.2%

2009-APR-18 HENGNE LI @ LAL

* Define AB2i : AB between these two

* Define ABmin : the smallest AB
between the additional tracks and
the lepton candidates

A6 between additional tracks and u candidates

103 E_ _E
C ZH->puX
—ee->uu
10° £ E
108 .5 SEESTR L R N
-0.1 -0.05 0 0.05 0.1
A0 (rad)

» Because mis-identification of
photon conversions to be
lepton candidates
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BK Further Rejection by Likelihood

PDFs

- - Acollinearity AC O I cosfy, c os 9 d |
After Cuts Rejection, Apply Further Sowf T o] ST T
= = . . - ke --uuff ke -- upff
Rejection using Likelihood Method Boos w3 Bon
S S
Likelihood: Probability 200 200
| | &gt 0.02 o.o1f
L == P' - :.'.'- .
7 N . ‘i"; L | P, & ] L !
| i th Variable ° 2 25 3 -1 05 0 05 e1
Acol (rad) cosby,
Likelihood Fraction: o " Mai
fL = LS/(LS —|—LB) EO'OS § o —_uu;l
Wlthln (0, 1) §0.04 E0.0B .iivv
© ©
Eo0s £ 0.06
o (@]
Decide the f. cut by the oo} = oot
maximum significance a3 1 e
0 " 1 " " " 1 " fu 9L [ e T
fL > 0.2 20 40 PGtSI (Gev) 80 85 90 “ﬁ: (G1e(\)8
I_;;);)s(l)ribution — 1g¢(a)v(;zrimained vs. f_cuts — Z;gnificancevs L::uts .
.:}5;::- :Z:’::round jOOO "—‘"- :Zj::round b ‘§15 ] Taken -
200-? T:‘:ﬂa 6000F l". ‘-010- POI e_Le+R
ol R muon channel
:"f'-'lldﬂ_ 2000 °f ] MI AnaIyS|S
% 0z 04 06 08 f|_1 % "oz 04 06 (%.Lscun; % o.I 04 06 ?'Ifcut; For i”UStratiOn
fL Distribution Nevt vs. f_ Significance
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Background Rejection Summary Table

Ana Pol. Ch. Cuts HpX/eeX up/ee TT Upvv/ puft/ B S/B S/J(S+B)
eevv eeff

MI er MI cut-chain: 1156 (65.93%) 165 0 900 2729

e’ +f>0.26 849  (48.40%) 84 O 437 1140 1661 051  16.9

e MI cut-chain: 828  (44.29%) 1230 28 1043 2675
+1>0.16 715 (38.28%) 684 0 665 1587 2936 024 11.8

eL H Ml cut-chain: 1709 (65.71%) 245 0 5482 4175
e'r +f>0.22 1368 (52.60%) 141 0 2654 2157 4952 028  17.2

e Ml cut-chain: 1235 (44.47%) 1313 56 5488 3665
+f>0.19 1025 (36.90%) 655 0 3041 2048 5744 0.18 125

SM er M  SMcutchain: 1263 (72.00%) 49 0 0 4119
e’ +f>0.33 1054 (60.09%) 10 O O 1743 1753 060 19.9

e  SMcutchain: 969 (51.87%) 172 0 0 4367
+f1>0.39 769 (41.16%) 49 0 0 1799 1848 042  15.0

eL M  SMcutchain: 1872 (71.96%) 68 0 0 6189
e'r +f>0.32 1568 (60.28%) 13 0 0 2824 2837 055 23.6

e  SMcutchain: 1444 (52.00%) 184 0 5 5913
+f>0.36 1183 (4262%) 56 0 1 2680 2737 043 189
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Fitting Methods

Functions:
Gaussian Peak Exponential Tail (GPET):
(z=—=zg)?
T 20 . r—XQ < k
f(x) ey N 1 (233—900)2 B k2 g }s
Signal: /86_ 202 —|— (]_ s 6)6_(92_1:0)367 . QT—o-wO = k

Convolution of Empirical with Gaussian (CEG): (K. Ito, / Tohoku U.)
t2
) = W2 fx\f__j Fy(z +t)e 2.2 dt;

e (ﬁ)ﬁ_l

Background: Polynomial with 3 coefficients

Build Composite Model: F(:I:) - NSfS (.:1:‘) 4F NBfB (x)

1) Determine fitting parameters from MC (a separate data set)
Fitting: 2) Fix all the parameters except the Ns, (Ns)* and M

3) Fit to the “Sig+Bkg” to get the results

*Note: The results reported in ILD LOI has the Ng free, | also report the the
results with Ng fixed, in order to be comparable with SiD

...................
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Example Fitting I: (GPET)

pHuX eeX
Higgs Recoil Mass Spectrum, u channel,\'s=250GeV, ILD_00 Higgs Recoil Mass Spectrum, e channel,\'s=250GeV, ILD_00
§ 120 l —- Sig+Bkg — S 10 - 2?9+Bk9 E
~ — Si ] Z C } —— Olg ]
> 100 o J ] a 80F ' ] E
s OF 1 |2 oeb [ TR
w60 + 4 l I I B 40 ] L (S { ....... I I {l -
[ N iy . al, e
40 '[“"} """ e, F : " gons }T E - | A: AAA‘AA | | [
20 j ““Ame“:.; 5. T »? 20 :_ | | AA“A“‘A“A‘“AAAA . *
0 N ‘l“‘“A MM‘M“A“W‘A“‘A“AM&“AM‘ ‘ 0 : A‘I N R o AA| ! ﬂ hAAAA{AA“*“:
120 130 140 150 120 130 140 150
m, (GeV) m, (GeV)
M Higgs : M Higgs :
119.905 = 0.077 GeV 119.871 £ 0.135 GeV
Cross-Section: Cross-Section:
10.11 £ 0.38 b (3.76%) 10.98 * 0.53 fb (4.83%)
Pol. eLe*r , SM analysis for illustration
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Example Fitting 1I: (CEG)

HuX
Higgs Recoil Mass Spectrum, u channel,\'s=250GeV, ILD_00
@ 120 —Sig+Bkg -
o \ . ]
= 100 ] —+ Sig .
‘ -
) N ]
= 80 g -
§ h AA i \ E
;1 60 | ‘l‘ Tierlis { -
| \ ‘AAL 1 &l ]
40 1[""§) """ e ! h ik ' 1%, E
t wﬁnm 11 I ST :-..l_ . h" 1 T:
20 L L R ¥
0 b .“““M“‘“““.““““weﬂw
120 130 140 150
m, (GeV)
M Higgs :
120.177 £ 0.080 GeV
Cross-Section:
10.48 * 0.39 fb (3.72%)
Pol. eLe*r , SM analysis for illustration
2009-APR-18 HENGNE LI @ LAL

eeX

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

0
o 100

Z
0 80

o
> 60

L
40
20
0

15

—— Sig+Bkg
— Sig

M Higgs :

120.053 £ 0.149 GeV
Cross-Section:

10.98 * 0.53 fb (4.83%)

TILC09,TSUKUBA, APR 2009



Results @

:
!
:
:

I
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(@) Results from GPET fitting function, see the backup slides for all the results.
(®) Joint: Taken 125fb-! Luminosity from each Pol., with a total Luminosity of 250fb-1
() Merged: Results with merged statistics of yuX and eeX.
(d) Cross-Sections, in Red: free parameters Ns and M.
in Blue: free parameters Ns, Ng and My, the results in ILD LOI

Sam el Ch. (2':'\“/) 50 (fb) © Ana| Pol. | ch (?42\7) 50 (fb) I
upX 907 | 0.50 (7.0%) | 0.36 (5.1%) UpX | 93t6 | 0.45(6.5%) | 0.31 (4.4%) | |
ere’L  eeX 18224 0.87 (12.2%)| 0.54 (7.3%) ere’L | eeX  204+20 0.74 (10.3%)| 0.45 (6.1%) | |
merged © 815  0.43(6.1%) | 0.30 (4.2%) | merged 85:8  0.38 (5.5%) | 0.26 (3.6%) | |
uuX | 856  0.70 (6.6%) | 0.49 (4.8%) | upX 808  0.55 (5.4%) 0.38(3.8%)i
M ele'rR  eeX 150¢16 1.15(9.8%) | 074 (65%) | | SM ele*r eeX 14914 0.85(8.0%) | 0.53 (4.8%)
merged 744 0.60 (5.5%) | 0.41 (3.9%)| merged 70x7 @ 0.46 (4.5%) | 0.31 (3.0%)
: upX  87i6 I upuX 8618
J"(L;‘t eeX  164:20 I Joint  eeX 17016
merged 7715 I merged 77%7




Conclusions

- Realistic Methods and Techniques are developed

2 g00F _]
- Ll - > - -
for the Higgs Recoil Mass and Higgs-strahlung 2 b |  ererator bata ]
Cross-section measurement T Simuation Data ’
- Measurements Precision achieved: @ wol ||
e Higgs Mass: merged result: ook
+ 70 MeV - S |
e Cross-Section: merged result: 0= 0 130 o 180
+ 0.46 fb'1 (4.50/0) (b) Mhiggs (GeV)
+ -1 0/.\ (c) Comparisons of recoil mass spectra in generator level and after full
; s ) $0.31fb (30 /o) simulation, with 0.3% beam energy spread for each beam, (of ppX) |
. - The Higgs Recoil Mass measurement is very . Spocieum in Generator Lovel
. sensitive to several issues beside the detector A
: uncertainty: E E i SLAC 0.3% Each Beam E
:f 3 é 041 ——— KEK 0.3% Each Beam B
- e Beam Energy Spread: Increases the width - ]
' . 03 | L KEK 0.28% e 0.18% e* =
| of recoil mass peak, thus reduce the 025 ; :
accuracy of the measurement. 0'1 g ] 5
| e Beamstrahlung: Largely reduces the E e ] :
: ] e : 0 bt z
effective statistics on the recoil mass peak 120 130 140 150 :
Myiggs (GEV) ;
!

Comparisons of recoil mass spectra in generator level of SLAC and }
KEK versions, where, the SLAC version is used in the all the 3 LOlIs,}
and the KEK version is produced by Akiya Miyamoto with Andrei |
Seryi’s beam parameters !
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(a) SM, eLe*r results.
(b) Fitting with free parameters Ns, Ns and Mu
(c) Fitting with free parameters Ns and My




Thanks!
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Mass Resolution

n — T T T T T [ T T T T T T T T n A B e B B
= 800 ] s
% i — Generator Data %) 800 - —— Generator Data 7]
600 [ - i o ]
I TR Simulation Data 600 - LT Simulation Data ]
400 N B 400 - -
200 . 200 I ]
O _I. e e | i i 1 1 1 ! Lo i 1 1 L i ! 0 _- Yoy i i 1 1 | L L 1 1 1 1 L L L
120 130 140 150 120 130 140 150

Figure 25: Comparisons of recoil mass spectra in generator level and after full simulation,
for the puX-channel (left) and the eeX-channel (right).

AMior. (MeV) | AM e (MeV) | AMg.. (MeV)
X 870 730 470
eeX 970 730 640

Table 22: Mass Resolution with contributions by machine (AM,,4..) and detector (AMge;.)
separated.
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Beam Aftects

M;iqgs SPectrum in Generator Level E.um in Generator Level
© 05F i - S SLAC 0.3% Eath Beam i
. n i SLAC 0.3% Each Beam ] .
£ : ' . € 10" KEK 0.3% Each Beam
8 ' E —— KEK 0.3% Each Beam : 8 ........ KEK 0.28% e 0.18% e*
n . -2
03[ R KEK 0.28% e 0.18% e* ~ 10
0.2 — -] 10-3 |
0.1F -
- 10
0 [ —

P B e s PR R BY A
130 140 150 220 230 240 250
Miiggs (GEV) Esum (GeV)

= | 1 L 1
120

- Comparisons of recoil mass spectra in generator level of SLAC and KEK
versions, where,

- the SLAC version is used in the all the 3 LOIs, and

- the KEK version is produced by Akiya Miyamoto with Andrei Seryi’s beam
parameters
- The SLAC version has larger beamstrahlung than expected.
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Results: MI , Free Pars: Ns, Mu

Fit. Pol. Ch. My (GeV) o (fb)
eper X 119.984 4( 0.090 & 0.0066 ) | 7.05 + 0.36 ( 5.11 %)
£ = 20 o eeX 120.042 £( 0.179 & 0.0234 ) | 7.37 £ 0.54 ( 7.33 %)
merged | 119.996 £( 0.080 £ 0.0051 ) | 7.15 £ 0.30 ( 4.19 %)
er ep (X 119.854 4( 0.086 & 0.0060 ) | 10.24 4+ 0.49 ( 4.79 %)
GPET /= {fsien eeX 119.924 £( 0.152 £ 0.0168 ) | 11.32 £ 0.74 ( 6.54 %)
merged | 119.871 £( 0.075 & 0.0044 ) | 10.57 + 0.41 ( 3.87 %)
Joint X 119.916 4( 0.088 & 0.0063 )
L =125fb 1(egef) | eeX 119.973 £( 0.164 & 0.0196 )
+125 fb=t(ef ey) | merged | 119.929 +( 0.077 & 0.0048 )
erer i X 120.085 4-( 0.099 4 0.0080 ) | 6.97 + 0.36 ( 5.16 %)
=S50 s eeX 119.953 £( 0.240 & 0.0420 ) | 7.37 £ 0.54 ( 7.33 %)
merged | 120.066 4-( 0.092 & 0.0067 ) | 7.09 + 0.30 ( 4.22 %)
er ep X 120.079 £( 0.096 & 0.0075 ) | 10.57 & 0.50 ( 4.73 %)
CEG /& o= P eeX 120.010 £( 0.188 4 0.0258 ) | 11.34 & 0.74 ( 6.53 %)
merged | 120.065 £( 0.085 & 0.0058 ) | 10.81 &+ 0.41 ( 3.83 %)
Joint X 120.082 £( 0.097 £ 0.0077 )
L =125 fbl(ege) | eeX 119.988 £( 0.209 & 0.0319 )
+125 b~ (ef e;) | merged | 120.065 +( 0.088 & 0.0062 )
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Results: SM , Free Pars: Ns, My

Fit. Pol. Ch. My (GeV) o (fb)
erer X 119.951 4( 0.084 #+ 0.0057 ) | 7.00 & 0.31 ( 4.43 %)
B 1050l eeX 119.704 +( 0.200 £ 0.0292 ) | 7.39 £ 0.45 ( 6.09 %)
merged | 119.914 +( 0.077 £ 0.0048 ) | 7.13 £ 0.26 ( 3.58 %)
er e X 119.906 +( 0.078 £ 0.0049 ) | 10.11 £ 0.38 ( 3.76 %)
GPET =BT eeX 119.866 +£( 0.131 £ 0.0125 ) | 10.98 £ 0.53 ( 4.83 %)
merged | 119.896 +( 0.067 £ 0.0035 ) | 10.41 £ 0.31 ( 2.97 %)
Joint (X 119.927 +( 0.081 £ 0.0053 )
=15 Theti(Eme s Tee ik 119.817 +( 0.155 £ 0.0175 )
+125 fb~ (e eft) | merged | 119.903 £( 0.072 &+ 0.0041 )
eqer (X 120.123 £( 0.093 + 0.0070 ) | 7.02 & 0.31 ( 4.42 %)
T eeX 119.684 £( 0.201 £ 0.0295 ) | 7.40 & 0.45 ( 6.08 %)
merged | 120.046 +( 0.084 + 0.0057 ) | 7.14 & 0.26 ( 3.57 %)
er en (X 120.178 +( 0.081 £ 0.0053 ) | 10.48 £ 0.39 ( 3.72 %)
CEG 13— 05 0ifhyss eeX 120.047 +( 0.146 + 0.0155 ) | 10.98 £ 0.53 ( 4.83 %)
merged | 120.147 +( 0.071 £ 0.0040 ) | 10.66 & 0.31 ( 2.95 %)
Joint (X 120.154 +( 0.086 + 0.0061 )
1y = st et SRR DG 119.922 +( 0.167 + 0.0203 )
+125 tb=1 (e  ef;) | merged | 120.105 £( 0.077 £ 0.0047 )
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Results: MI ., Free Pars: Ns, NB and My

Fit. Pol. Ch. My (GeV) o (fb)
eper X 119.984 +( 0.090 £ 0.0066 ) | 7.11 £ 0.50 ( 7.03 %)
/5 = 5hieT eeX 120.046 +( 0.182 £ 0.0241 ) | 7.15 £ 0.87 ( 12.17 %)
merged | 119.996 £( 0.081 £ 0.0052 ) | 7.12 & 0.43 ( 6.09 %)
er en X 119.854 +( 0.085 £ 0.0059 ) | 10.54 £ 0.70 ( 6.64 %)
GPET =50 higt eeX 119.922 +( 0.150 £ 0.0164 ) | 11.72 £ 1.15 ( 9.81 %)
merged | 119.871 £( 0.074 & 0.0043 ) | 10.86 £ 0.60 ( 5.51 %)
Joint X 119.915 +( 0.087 £ 0.0062 )
L =125 b (egel) | eeX 119.972 £( 0.164 £ 0.0195 )
+125 fb~t(ef eft) | merged | 119.928 £( 0.077 & 0.0047 )
ener X 120.086 +( 0.100 £ 0.0081 ) | 6.91 £ 0.50 ( 7.24 %)
/& =R+ eeX 119.961 +( 0.244 £+ 0.0434 ) | 7.15 £ 0.87 ( 12.17 %)
merged | 120.068 £( 0.093 £ 0.0068 ) | 6.97 & 0.43 ( 6.22 %)
er ep, (1 X 120.078 +( 0.095 £ 0.0073 ) | 10.83 £ 0.72 ( 6.65 %)
CEG 15 =i e eeX 120.007 £( 0.185 £ 0.0249 ) | 11.75 £ 1.15 ( 9.79 %)
merged | 120.063 £( 0.085 £ 0.0057 ) | 11.09 £ 0.61 ( 5.50 %)
Joint X 120.082 +( 0.097 £ 0.0077 )
L =125 b (egel) | eeX 119.990 £( 0.208 + 0.0317 )
+125 fb~1(ef eft) | merged | 120.065 +( 0.088 + 0.0062 )
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Results: SM . Free Pars: Ns, NB and My

Fit. Pol. Ch. My (GeV) o (fb)
eper X 119.951 £( 0.084 £ 0.0057 ) | 6.98 & 0.45 ( 6.45 %)
5 = 20 - eeX 119.713 £( 0.204 £ 0.0303 ) | 7.18 £ 0.74 ( 10.31 %)
merged | 119.916 £( 0.078 £ 0.0048 ) | 7.03 £ 0.38 ( 5.47 %)
er g, X 119.905 +( 0.077 £ 0.0048 ) | 10.26 £ 0.55 ( 5.36 %)
GPET =5} flogt eeX 119.871 +( 0.135 £+ 0.0133 ) | 10.67 £ 0.85 ( 7.97 %)
merged | 119.897 £( 0.067 £ 0.0035 ) | 10.38 £ 0.46 ( 4.45 %)
Joint X 119.926 +( 0.080 £ 0.0052 )
L=125fb (egel) | eeX 119.823 +( 0.159 + 0.0185 )
+125 fb~1(ef ef) | merged | 119.905 £( 0.072 £ 0.0041 )
Emen X 120.122 £( 0.093 £ 0.0070 ) | 7.03 & 0.44 ( 6.26 %)
G =snioT - eeX 119.689 £( 0.204 £ 0.0303 ) | 7.23 & 0.74 ( 10.24 %)
merged | 120.047 £( 0.085 £ 0.0057 ) | 7.08 £ 0.38 ( 5.34 %)
er g, X 120.177 £( 0.080 £ 0.0052 ) | 10.64 £ 0.57 ( 5.36 %)
CEG = 0aior s eeX 120.053 £( 0.149 £ 0.0162 ) | 10.67 £ 0.85 ( 7.97 %)
merged | 120.149 £( 0.070 £ 0.0039 ) | 10.65 £ 0.47 ( 4.45 %)
Joint X 120.154 +( 0.086 £ 0.0060 )
e d1258h st (enierh) & eSS 119.926 £( 0.170 £ 0.0211 )
+125 fb~1(ef ef;) | merged | 120.108 £( 0.077 & 0.0047 )
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MI
MI

vs. SM Rejection, LR, Muon

I lefit: X jn (X YUYV uif f
Before any restriction 2601 2.6M 2.6M 125k 321k
+ Both p identified 2488 (95.65%) 79k (3.0%) 108k (86.6%) | 186k (57.9%)
+ Pre-cuts 2193 (84.33%) | 44k (1.7%) 5639 (0.2%) 17k (13.6%) 15k (4.5%)
+ Prq; > 20GeV 2078 (79.91%) | 22k (0.8%) 3806 (0.15%) | 15k (11.8%) 11k (3.4%)
+ Mg € (80, 100) GeV 1919 (73.79%) | 17k (0.6%) 2111 (0.08%) | 9124 (7.3%) 8005 (2.5%)
+ acop € (0.2, 3.0) FESTHORIRT) Ak (85701 28 8548 (6.8%) 72135 (2507
e Pt > 10 GeV E7o238(6:EB3701 $FI6E (0037615 M0 7969 (6.4%) 6747 (2.1%)
+ |Af2x| > 0.01 RG2S S 3SR OIS R0 7871 (6.3%) 6719 (2.1%)
+ Myecoir € (115, 150) GeV | 1709 (65.71%) | 245 0 5284 (4.2%) 41 7oR(IsS
SM
Neyts left: X o Gy %% pinf f
Before any restriction: 2601 2.61M 2.61M 125k 321k
Both p identified 2488 (95.66%) 79k (3.0%) 108k (86.6%) | 186k (57.9%)
+ Pre-cuts 2193 (84.33%) | 44k (1.7%) 5639 (0.22%) | 17k (13.62%) | 15k (4.5%)
+ Noda.Tr > 1 2179 (83.8%) 2643 (0.1%) | 667 (0.03%) 290 (0.23%) 13k (4.0%)
+ Afay, > 0.01 2176 (83.66%) | 244 500 (0.02%) 34 (0.03%) 12.5k (3.9%)
S G > 0101 2140 (82.29%) | 155 111 2 11k (3.5%)
+ acop € (0.2, 3.0) IO TO 103705 S35t 0 2 10k (3.1%)
+ Myecoir € (115,150) GeV | 1872 (71.96%) | 68 0 0 6189 (1.9%)
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MI vs. SM Rejection, LR, Electron

MI

At eft: eeX ee TT eevy eef f

Before any restriction 2T 4.3G | 2.6M 156k 1.0M

+ Both u identified 2728 (98.24%) 294k (11.3%) | 120k (77.1%) | 404k (40.4%)
+ Pre-cuts 1739 (62.64%) | 127k | 8972 (0.34%) | 19k (12.2%) 12k (1.2%)
+ Prg > 20 GeV 1641 (59.10%) | 96k 6195 (0.24%) | 16k (10.6%) 10k (1.0%)
+ Mg € (80, 100) GeV 1399 (50.38%) | 51k 3500 (0.13%) | 9784 (6.3%) 7186 (0.72%)
+ acop € (0.2, 3.0) RNz i e A 278 (0.01%) 9168 (5.9%) 6564 (0.66%)
SR Eiipa s > 10GeV 1281 (46.15%) | 3156 | 194 8222 (5.3%) 6066 (0.61%)
+ |Af2x| > 0.01 1279 (46.07%) | 1764 | 167 8069 (5.2%) 6041 (0.6%)
+ Myecoir € (115, 150) GeV | 1235 (44.47%) | 1313 | 56 5488 (3.5%) 3665 (0.37%)
NS S ef eeX ee TT eevy eef f

Before any restriction: LT 4.3G | 2.61M 156k 1.0M

Both e identified 2728 (98.24%) 294k (11.3%) | 120k (77.1%) | 404k (40.4%)
+ Pre-cuts 1739 (62.64%) | 127k | 8972 (0.34%) | 19k (12.21%) | 12k (1.23%)
+ Noga.Tr > 1 1724 (62.08%) | 7660 | 2528 (0.10%) | 463 (0.30%) 11k (1.13%)
o001 1721 (61.98%) | 1190 | 1806 (0.07%) | 76 (0.05%) 11k (1.13%)
B A > 0.01 1696 (61.06%) | 344 361 (0.01%) 10 10.7k (1.07%)
+ acop € (0.2, 3.0) 1579 (56.86%) | 293 0 10 9589 (0.96%)
+ Myecoir € (115,150) GeV | 1444 (52.00%) | 184 0 5 5913 (0.59%)
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Lepton ID

Cuts for lepton ID:

muon ID electron ID
Eecal/Etotal < 0.9 Eecal/Etotal > 0.6
Ecal/Ptrack < 0.3 Ecal/Ptrack > 0.9

Cuts (for P>15GeV): single particle MpX (muon ID) eeX (electron ID)

EffiCiency (Ntrueniden/Ntrue) 97.60/0 96.30/0
Purity (Ntrueniden/Niden) 91 .40/0 96 1 o/o
Efficiency lepton pair ID: 95.4% 98.8%

(no P request, select according to Mz)
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