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Z> U1 4 at ECM = 350 GeV Rehabilitation of ZH recoil studies
 re—check and organize analysis results

* Investigating improved analysis methods
* reviewing the comparison of (e—, e+) = (-0.8,+0.3) , (+0.8, - 0.3), (-0.8,0), (0,0)

* beginning to implement likelihood cut at end of final selection

ILC sample used in analysis

ete>Zh->pph  125GeV 350 GeV 333fb-1  P(e-,e+) = (-0.8,+40.3) Full ILD

(+0.8,-0.3) (ILD_01_v05 DBD ver.)
m Pe2e2h_eLpR / Pe2e2h._eRpL BG :

all 2f, 4f 6f processes
H X
H decay mode major BG after event selection:
independent J T TR U UV V., o uff

A[)Q( - (p(.7.\[ - (pu' +pﬂ ))2

Higgs recoil against di—lepton (i ) system




Study Plans in the Future : Evaluation of Luminosity Spectrum

Due to beam—beam effects, collision occur below nominal ECM i.e. ECM” < ECM
=> luminosity spectrum (dL/dE,,’ ) (distr. of Nsig w.rt. effective ECM")
* important for precision measurements requiring knowledge of O

e.g. Top mass, Higgs recoil mass , etc*=---- :

accelerator and beam—beam factors affect ECM A el e ali et/
* ISR : relatively easy to calculate calculate

* Beam energy spread : depend on RF phase and beam bunch length

 Beamstrahlung : depend on geometry of colliding bunches, energy correlation of 2 bunches

goal of study :

* precise evaluation of Lumi spec and its effect on physics

* apply experience in accelerator and beam physics to achieve more realistic simulations

* Study systematic errors of reconstructed L spec from beam effects, detector simulation, physics BG

Evaluate effective cross section X
o, = fo dx - L(X)O'(X\/;)

correct for beam beam effects




Study Plans in the (far) Future : Evaluation of Luminosity Spectrum

precision monitor to measure L: LumiCal
e 25mfromIP.30-80 mrad
e 2 calorimeters: W absorber, Si sensor pads sandwiched

\ \ +_
R {l-a P W= "/

Use Bhabha scattering to measure Luminosity

well known properties and sufficient statistics: L= NB/GB
* Measures angle (0) and E of scattered e+e-
e goal L precision: 0(103)
(c.f. My past research in ILC accelerator was in aim of high “peak luminosity)

10°
10°
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Strategy: (1) reconstruct L spec as a function of X’ = ECM’ / ECM

the simplest way: x’ is measured using acollinearity of outgoing particles

EllEaea'n
%10'F T
However, if we aim for higher precision, it is not so easy §1 0%F 1
also need to take account of boost of initial system, T10°F 1
10°F

energy correlation between 2 particles |
10°c/  Beamstrahlung | 1

: 10 > dL/dEg,’ g
Calculate distr of 4—vectors of Bhabha electrons | 5
0 02 04 06 08_ 1

S

X= vs,/v nom

(2) reconstruct L spec using a template fit using info of both E and 6




Muon Selection event selection
* reject neutrals

* P total > 5 GeV

e E cluster / P_total < 0.5 recoil mass fitting oil_all

» cos(track angle) <0.98 & |D0/6D0| <5

hist_recoil_all
Entries 71356
Sig + BG Mean 126.3
RMS 16.77
2/ ndf 356.2 /338
) ) _ height 73.64 + 2.39
Best muon pair candidate Selection mean 125.5 + 0.1

no. of events|

» opposite charge
» invariant mass closest to Z mass

Final Selection
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e 84 GeV<M_inv<98 GeV .
10 GeV < pT_mumu < 140 GeV it
dptbal = |pT_mumu — pTy_max| > 10 GeV « Signal: GPET

coplanarity < 3 e BG: 3 order polynomial
|cos(B_Zpro)| <0.91

120 GeV < Mrecoil < 140 GeV

PR R R R
150 160

o
o

definition - . _
* M_inv :invariant mass of 2 muons Final result: ECM =350 GeV
e pT_mumu : pT of reconstructed muons - Eff_sig=47.7 +/- 0.5%

* pTy_max: pT of most energetic photon * S/B=0.40, significance =17.2
* 0O _Zpro=Z production angle




selection of parameters for use in
Likelihood cut

84 GeV < M_inv <98 GeV
10 GeV < pT_mumu < 140 GeV

dptbal = |pT_mumu — pTy_max| > 10 GeV
* coplanarity< 3

* |cos(B_Zpro)| <0.91

120 GeV < Mrecoil < 140 GeV

hist_AcopPtbal_jackieZH_higgs_ffh_Pe2e2h_eR_pL
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Entries 5569
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; Mean y 94 22
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= Parameters showing correlation:
wf- not good for likelihood cut (?)
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Mean x
Mean y

RMS x
RMS y

0.002901
248
0.4927

Entries
Mean x
Mean y

RMS x
RMS y

5969
94.22
-0.002901
25.85
0.4927




Parameters with no apparent correlation:

hist_MinvPtbal_jackieZH_higgs_ffh_Pe2e2h_eR _pL

good for likelihood cut (?)

hist_MinvCosZ_jackieZH_higgs_ffh_PeZeZh_eL |
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Mean x 90.86
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hist_ MinvAcop_jackieZH_higgs_ffh_Pe2e2h_eL pR

o

Minv vs Acop

“| RMS x 2.363
RMS y 25.85
Loy L

96 a8 100
Enmos 8394
Mean x 90.9
Mean y 1.246
RMS x 2224
0.6606

RMS y

hist. MrecCosZ_jackieZH_higgs_ffh_Pe2e2h_eR
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0.001461

1.741
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Entries 5869
...[ Mean x 128.1
| Meany -0.002304
RMS x 3421
RMS y 0.486
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So far I have tried

Other variations will follow up next week

hist L1_jackieZH higgs ffh Pe2e2h el pR

Entries
Mean
RMS

Li_jewiaZH higgs 1 P

10901

345.9
322.5

Higgs_elLpR
VS
4f 77 sl eRpL

ool r“'huﬂm\?”ﬂﬁjﬂfri"HF b L‘arj“fﬁ ity hLJLJ ol Ly .%WHJW%] Ao fnl et ]

200 400 600 800 1000 1200

Cannot understand the difference
between el _pR and eR_pL for BG
processes

hist_MinvAcop_jackieZH_higgs_ffh_Pe2e2h_el _|

pR

Entries

Mean x
Mean y
RMS x

Minv vs Acop

RMS y

hist_L1_jackieZH_higgs_ffh_Pe2e2h_elL pR
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hist_inv2_BG

10x10° hist_inv2
- Entries 5.305128e+07
Mean 90.82
I~ RMS 2.366
10—
.. Invariant mass (after all
~  other cuts)
N
- BG
a—
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hist_acos2 BG

xi 0® hist_acos2
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2000 :_ Mean 1.246
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recoil mass fitting method

1st step:
* Fit only signal with GPET float all 5 pars X2/ ndf 356.2 /338
height 73.64 £ 2.39

e Fit only BG: 3" order polynomial ' mean 1255 + 0.1
2" step :
fit Sig + BG : only float height and mean

fix others from step 1

hist_recoil_all
Entries 71356
Mean 126.3
RMS 16.77

no. of events

Wit

|| it [;, il I
| ’H i " "= i’ .~'.

150 160
recoil mass [GeV]

€ SIGNAL: GPET: 5 parameters :

- 2 x_xmean <k 7
o Gaus (left—side) ,

o
o

2
_—) }+(1—b)exp{—k(m)}exp(k2 /2)} (M > k) Gaus + expo (right side)
o o

Toy MC Study Toy MC ‘IOOOO SeedS :i:;;recoil_all_MC 525:::; recoil_all N1|1§);262'21

§ QOE RMS 16.68
@ 2 1 ndf 373.7/338

goal: test quality of fitting method , height  77.48+3.49

mean 125.6 + 0.1

in terms of M, xsec etc
method:
generate MC events according to fittied “real” data
(Poisson)
fit MC hist with same GPET function = get Nsig, xsec i E T R T T R

recoil mass [GeV]




Comparison of results between different beam polarizations : ECM=350 GeV

Pol
(-0.8,+0.3)

€
47.7+/-0.5%
47.7+/-0.5%
47.7+/-0.5%
47.7+/-0.5%

xsec [fb]data

6.87+/-0.21
4.64+/-0.17
5.45+/-0.19
4.64+/-0.17

xsec [fb] MC

7.09+/-0.33
4.40+/-0.25
5.46+/-0.30
4.28+/-0.27

Ao/oc MC
4.56+/-0.17%
5.03+/-0.22%
5.23+/-0.23%
5.79+/-0.29

Xsec pull
0.67/1.03
-11 /1.2
0.038/1.05
-1.48/1.09

Mrec MC

125.5+/-0.1
125.5+/-0.1
125.5+/-0.1
125.5+/-0.1

Nsig (MC)
1126+/-53
699+/-40
868+/-48
679.+/-42

Pol Nsig data

(-0.8,+0.3) 1091+/-33
739+/-27
865+/-29
737+/-27

Ref ) Location of full output data:

In directory /home/ilc/jackie/jackieZHPrecessornew/data/
Evt_350_
EvtRate_350_ :

Process name / number of events after each selection step

change ratio of # of events w.r.t. raw # after each selection step



Some issues: looking at Toy MC study result

Bias on fitted recoil mass

~ about4 O
0 Entries 10000
w.rt. 125 GeV (in meta—file) Mean 1255

RMS 0.1202

my, from Toy MC:
125.5 +/- 0.1 GeV

long Mrecoil tail to the high energy side

possible causes: still not well investigated yet
ISR, FSR, Beamstrahlung. fitting function

this is part of the motivation for Luminosity
spectrum research |,

maybe the realistic case is worse (??!)

C 1 .
123 124

how can we correct for this bias ?

Discrepancies between Toy MC and reconstructed events
bias in pull plot <~ 1 o For Xsec, Nsig
* fitting function over— / under— estimates signal events

* shows dependency on beam polarization (?)




BACKUP




hist_inv2_jackieZH 2f Z leptonic_eR _pL hist_inv2_jackieZH_higgs_ffh_Pe2e2h_eR_pL
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« LHC T®MHiggs I FDFE R > HigesxFHMZMRHESILCOYMEBDEZMNIEEIZHLEHT-
o [LCEZDEENTE->TLS

> MRS R - EERETEZE B L-REMNGERETA DR EMNIEXR

nggs "Eéiﬁo)*ﬁggng{ﬁjéio o o0oO0 - ’ e —
> ECM =250 GeV : ZHMEF A D =K p(z-og.,':f?lsl 03, ]M=12]5Gev """""""
> ECM =500 GeV : WWRE S BFEMN+ 58l 5 —sr afih
TFHEAITHhNTET:

i ol

—WW fusion -
ZZ fusion

no
(e
o

« REMDECM =350 GeV TIXZLDYENEELLS (eg topIE)
e ILCTIL. LINAC ZFHRsEITNIX, TRILFX—FRAETES

4. 350 GeVT®DHiggs AIFEDHEREFEMMNEEERIN TS !

c
o
®
7]
)
7]
o
O

SN
o
()
T T T

\'s (GeV) TDROHJ
o KWMIETIEIFDIRFFELES. ECM =350 GeV T

Higgs Recoil Measurement (xBk&E =8I7E) 17D
ILC MEAND1D%EENT: Higgs Property DET JLIERTFERIZEIRE |

B {XB7EGoal:
* Higgs BTETE (0,) & recoil mass (M,)) DFZEBITE

« E135 ECM LRI DR THGFHREZ LLER
= ILC run scenarioD&Et. IEREAIEBRDOERBEI\L ITEHERTS




Luminosity DFEZ AIE: HardwareD 1R /R

Bhabha BEXELETETEIZABA E (0) [T IKTF: do/de~63
- ODEMFEE. FICTEmInOBR®EIE NEE: AL/L~2*710/0
: ABmin<103mrad, NEFEE<FHum. 09 f#HE 2.2x102 mrad

FETHRIBH:

o U —I\YREOE-ALAAROHSEIDRKEIL
QRIELEBH Y —LEBERDBEED=OH

o  AOYA—ZERE Y —EDLaser Alignment System (LAS) DBFFIZS

RITRARERE: AL Y— @ﬁum**l#’é}ﬁﬁf—?'jnI~’5'47°0)§¥1'E+t—ATZI~ A

AE - MEOHER

Luminosity D55

E—LZRICKY. BEEICHERI zZHMIZboost (acollinearity)
> A acceptanceDiE%k > L DFL
FER: S LIEIEX R beamstrahlung / ISR

< B acceptanceDiH DI KAHLDRMRELEWIET D
HELAEZFE > TEERDboostiIREZETHEL .. eventE([ZweightZaH\ 15

_ Sin(ellab _H%ab) f:n”.lax dg(do/dg)
coll — Sin(@llab)+5in(6éab) W(ﬁcoll) = f;?;%lx de(do,/de)

LD BIEREZE: OL/L<2x103 :
I E—LEDFE Al/L|beam ZFHIE:10%=> <1x 103 FTHE

FITHRDERBREZR ST

in

L—F —ZEo-aRETIERDERZCCTERYT S

L MM E e e e | T
80 ;

| do,/de M 6 13!27%1&*

sof b (Eqw=500GeV): ]

do /dé [phi(0.5 mrad)]

sof |

201 §

] <107

0 [rad]
H. Abramowicz et al,
“Forward Instrumentation forILC Detectors”

KEKCFELTWAHRITMEDER R DAL
EEERENFLIOMRRE. E—LBEDNRDOFZELE

fiducial volume -

s ,
c 7
S
- 7
4 oll
7
e
- boost
s ... .,
’ (_)r.‘r;‘l
B. Jelisavdig et al,

“Luminosity Measurement at ILC” ltano,|

E—L. IHERR. MEBCHOLEREHE T (>80% * E,DHEEN)



FEMRRDEZEF 5L luminosity spectrum dL/dE ., DIFEZRRIE

dL/dE,' D ERAERNEELICHEBRIFI- KA\ 525
— top i ISEMOEON Kt

1’% iﬁ“ ; -O& 1 :_ —— Bare cross-section : SR S S S A _:
threshold scan [Z&%top quark B EDFEZAIE % - :::::;::?: /\\ ]
Ecy=350 GeVE B Ttopt A MEEND R LRTREREFI A 081 | . " [ e
Top-yukawa &S E# . FRIENE. SUSYEEDAIEIZHLEFH [ béém—s"‘cr'éh‘lung
KERHEDRFREHLHIBOMeVERELN ! ! 061 I A
(c.f. BFHFRE ~100MeV, ffi5T5R2ZE ~30 MeV) / P
0.41 a ISR
— LHRIFFEIBE—IHIEZEsmear- 2 IhSHE S 3 h. / | M
’1’7"-:-'_(—_?—?‘-.—]:;-:.‘ .| | [ B | [ S . T

*‘_Ag‘i.l%' tIZI-g—é E ®§1t7§§¢%$¥£3{ Q340 342 344 346 348 350 352 354 356\{§5% 360
E( 5’16%\%ﬁnn%€n$ﬁﬁ cyﬁETé;&ﬁ\Eg ref) Filimon Gournaris, Doctoral Thesiss[ oV]

) HREE (E—LHRER) [TdL/dE,, TERHAHERT S ]
" = Geﬁ=f0mdx-L(x)O(x\/§)

—| Luminosity Spectrum dL/dE_,,’ BIFE D FHh

1. dU/dEg DETIVEREDER/NFA—FZEITEBE =T IOIRILF—IARINS L
2. NUFERIVZAL—IaVTIERAMIDARY NS LiEBahbhaBERE LR
3. 1.L2. FLLE (fitting) & £ RT—2®D dU/dEy, % x = Eqy/EqPEABMEL TEER

BIZ. dL/dE,, BERFEDHREREREZITS
ETIIERASINSEZILRENOBERDRMRE
BB E Dbeamstrahlung D EE SN DIKFEE




" "FBéamstrahlung
€ E D simulation tool: S10% 2k BHdL/dE,,
* Beamstrahlung® 4k : Guinea-Pig i

Bhabha #X&EL. BREIFEDETE: BHWIDE (MC)

2 B8 : Luminosity Spectrum Reconstruction at Linear
Colliders, by Andre Sailer (CERN)

i 0 02 04 06 08_ 1

E/E

Beam

dL/dE,, BIE: #RRGFRE

«  EBGdL/dE,, BRI BRELE D 6fZ1T TR IRILF—EME
TIRILEX—5HREE (AE/E ~ 0.21 / sqrt(E[GeV]]) EfE ZILIREZ/NTU RSB - E T Fi%

SATHREZSEICLENS dL/dE.,, DAIEFEZERETS
® NHEDEZLREZTRESES:
o FIFREOIRILE—IEEE | IEAFE —L (REAE) . OFF- axis ISR, 18 8L FEa 5T

® E—LEREKIYRBEITVZIAL—avIT ki
o IMEBDOHRT E—LNTGA—IHEEHBELDIZEE) <> beamstrahlung& D FEES

NFDRIR. YA X, BERHD . LEA Tty EXBeamCal4Ppair monitorD/ N\ FHED BIEES I8
« Beam energy spread. E—ARIBIRE. N\OFEDIRILFT—LMAED D VI—, #£IKEE deflection

& YIEBGHFENRMIEE £ T S (AL/L|BG ~ 2x103 . 4 fermion iBFEA A HY)
s BALGERLGERZZELTCT—3EIIFZEZRELTS: (AE. IRIILT—Dcut 5E)
— A TC.simulation & E—LFEHRDEESADIKREFEEZERFSELFEZARTAE



OLD ONE : NOT UP TO DATE

2f Z | eff 4f WW_s| eff Af 77 sl eff signal eff BG
2226362 100.00% 2732834 100.00% 188087  100.00% 2288 100.00% 31657512

946129 42.50% 236802 8.67% 42345 22.51% 2254 98.51% 2373876

925330 41.56% 152599 9.98% 39825 21.17% 2241 97.95% 1813049
843738 37.90% 1369568 9.00% 36073 19.18% 2205 96.37% 1618485

269446 12.10% 5702 0.21% 16365 8.70% 1826 79.81% 313998

3.23% 2659 0.21% 14934 7.94% 1819 79.50% 111823

0.48% 9505 0.20% 14108 7.50% 1798 78.58% 48694

0.43% 4578 0.17% 13347 7.10% 1773 77.49% 44735

0.26% 2940 0.11% 9147 4.86% 1698 74.21% 30428

276 0.01% 0.01%
£HYEDXELAIZIBG :

sqrt(s) =350 GeV: #1) 4f 7Z sl #2) 4f WW_s| #3) 2f Z | ttbarBG EST
sqrt(s) = 250 GeV : #1) 4f ZZWWMix_| #2) 4f 77 sl #3) 2f 7 |




MEEAEDHEEDTM | EAHZECMEE—LIFEEBOLLE NEW

Pol € Ao/o xsec [fb] Nsig significance
(-0.8,+0.3) 47.7+/-05% 4.9+/-02%  6.71+/-0.34  1092+/-55 17.7
(+0.8,-0.3) 47.8+/-05% 5.0+/-02%  453+/-026  720+/-41 17.8
(-0.8,+0.3) 66.4+/-0.5% 3.6+/-0.1% 10.52+/-0.38  1747+/-64 21.7
(+0.8,-0.3) 64.4+/-05% 3.3+/-0.1%  8.68+/-0.30 1398+/-48 22.7

) COXRD fittingfiFE(X115-150 GeV~ (AWLC14 @ Fermilabdkl)
IRFE350 GeV DA EHEZEILITT. Aog/oh47+/-02% ~H/ELT-

s#1:  ECM =350 GeV €-> ECM = 250 GeV :
ECM= 250 GeVDAEMNA /0 &MhEE HMRBEL U DIEENE BITE DS FBEIFIELPTIEE R

. E&%’)ﬁ*ﬂidﬁaﬁ‘c Ao/o LX%&%#?&&%’)
e (+08,-03): #EADELH. S/B AT oEELY - WW BGASEEE (= HN 4

ER) EiTstudyEDBAELY:
. assumed L (350, 250 GeV) =(333, 250 fb-1) vs RDR: (300 fb-1, 188 fb-1)
«  C(study : ALL 2f, 4f, 6f BGs (whizard generator) vs only WW, ZZ (pythia generator ?)



Final fitting:
15t time fitting: float only height and mean,

fit only signal : float all 5 GPET pars Fix BG function and remaining GPET pars

- _p
e fit BG only 3 order polynomial from 15t time fitting

hist_recoil_all hist_recoil_all

hist_recoil_sig | hist_recoil_sig . Entries 29477
Entries 11693 Mean 126.3
Mean 133 RMS 16.75
::ZNI'Sndf 298?-:;‘21 x2 / ndf 335.4/338
height 70512 1lee height 73.26 + 2.52
mean 125.7 £ 0.1
sigma 1.387 + 0.022

S

-
o
o

® O
o O

no. of events
w
o

no. of event

N
(3]

~
o

boundary 0.09302 + 0.00318
connection 0.6027 + 0.0175

Sig only

» (44 [=}]
o o o
@*IIII“III“III“III

w
o

a N
o o
IIII|IIII|[IIIIIII

A N H N B EE
110 120 130 140 150 160
recoil mass [GeV]

P (I I R
130 150 160
recoil mass [GeV]

2
o_

€ SIGNAL: GPET: 5 parameters :
Gaus (left—side) , Gaus + expo (right side)

X = xmean < k)




hist_recoil3_jackieZH_2f Z leptonic_elL_pR

cald ckioZH 21 Z eptone ol pR

hist_recoil4_jackieZH_2f Z leptonic_elL pR

RcOZH 21 Z optonic ol pR

Entries 70743 Entries 10493
Mean 77.16 Mean 83.5

just before ptbal cut [FMS _ 67.07 RMS  69.46
just after ptbal cut

2Z leptonic

signal 27 leptonic

||||||||,,n-."--“r“{w-..J.._L|||||||||||||||||||||||| ,L||||||||||||l|||||||||

50 100 150 200 250 300 350 400 450 500 ) 150 200 250 300 350 400 450 500

hist_recoil3_jackieZH 2f Z leptonic_eL pR
Entries 10493

) Mean 83.5
27 leptonic RMS  69.46

Before ptbal cut

after ptbal cut

IIII[IIIIIIIIIi|I||III|:Illllllllllllllllllllll

50 100 150 200 250 300 350 400 450 500




results for sqrt(s) =250 GeV , L =250 fb—1
evaluated using Toy MC generated from fitted function shapes
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raw events

best mu pair

DO

track angle

84 <M_inv
<98

10
<P_TdI<140

dpTbal>10
GeV

copl < 3

cos( 6 2)<0.9

1

120 GeV
<M_rec <140
GeV

eLpR
eRpL
total

eLpR
eRpL
total
eLpR
eRpL
total
eLpR
eRpL
total

eLpR
eRpL
total

eLpR
eRpL
total

eLpR
eRpL
total
eLpR
eRpL
total

eLpR
eRpL
total

eLpR
eRpL
total

2f 7|
2128619
97743
2226362

906955
39174
946129
886948
38382
925330
808861
34877
843738

259828
9618
269446

69251
2626
718717

10272
402
10674
9252
360
9612

5492
217
5709

265
11
276

100.00%

42.50%

41.56%

37.90%

12.10%

3.23%

0.48%

0.43%

0.26%

0.01%

4f WW_s|

2714856
17978
2732834

235263
1539
236802
151718
881
152599
135726
842
136568

5673
29
5702

5630
29
5659

5478
27
5505
4557
21
4578

2921

19

2940

403

405

100.00%

8.67%

5.58%

5.00%

0.21%

0.21%

0.20%

0.17%

0.11%

0.01%

Af 77 sl

182762
5325
188087

41072
1273
42345
38624
1201
39825
35002
1071
36073

15959
406
16365

14566
368
14934

13761
347
14108
13019
328
13347

8927
220
9147

1098
25
1123

100.00%

22.51%

21.17%

19.18%

8.70%

7.94%

7.50%

7.10%

4.86%

0.60%

2204
84
2288

2171
83
2254
2158
83
2241
2124
81
2205

1758
68
1826

1752
67
1819

1731
67
1798
1707
66
1773

1635
63
1698

1048
40
1088

100.00%

98.51%

97.95%

96.37%

79.81%

79.50%

78.58%

77.49%

74.21%

47.55%

31657512

2373876

1813049

1618485

313998

111823

48694

44735

30428

2700

100.00%

7.50%

9.73%

5.11%

0.99%

0.35%

0.15%

0.14%

0.10%

0.01%



raw events

best mu pair

DO

track angle

84 <ML_inv
<98

10
<P_TdIK140

dpTbal>10
GeV

copl < 3

cos( 6 72)<0.9

1

120 GeV
<M_rec <140
GeV

eLpR
eRpL
total

eLpR
eRpL
total
eLpR
eRpL
total
eLpR
eRpL
total

eLpR
eRpL
total

eLpR
eRpL
total

eLpR
eRpL
total
eLpR
eRpL
total

eLpR
eRpL
total

eLpR
eRpL
total

(+0.8,-0.3)

2f 7 |
127353
1633703
1761057

54262
654769
709031

53065
639852
692917

48393
582938
631331

15545
160766
176311

4143
43892
48035

615
6715
7330

554
6015
6569

329
3624
3953

16
191
207

100.00%

40.26%

39.35%

35.85%

10.01%

2.73%

0.42%

0.37%

0.22%

0.01%

4f WW_sl

162427
1076
163503

14076
92
14168
9077
93
9130
8120
50
8170

339
2
341

337
2
339

328
2
330
273
1
274

175

1

176

24

24

100.00%

8.67%

5.58%

5.00%

0.21%

0.21%

0.20%

0.17%

0.11%

0.01%

Af 77 sl

10934
89009
99943

2457
21274
23731

2311
20077
22388

2094
17901
19995

955
6790
7745

871
6145
7016

823
5806
6629

779
5478
6257

534
3680
4214

66
419
485

100.00%

23.74%

22.40%

20.01%

7.75%

7.02%

6.63%

6.26%

4.22%

0.49%

132
1411
1543

130
1389
1519

129
1383
1512

127
1356
1483

105
1130
1235

105
1123
1228

104
1113
1217

102
1097
1199

98
1052
1150

63
675
737

100.00%

98.44%

97.99%

96.11%

80.04%

79.59%

78.87%

77.71%

74.53%

47.76%

16166900

1146571

938198

827736

191148

60616

19128

17591

11306

977

100.00%

7.09%

5.80%

5.12%

1.18%

0.37%

0.12%

0.11%

0.07%

0.01%



Signal sample:
Pe2e2h_elL.pR & Pe2e2h._eR.pL

relevant BG process for Zmumu
 4f 77 leptonic

e 4f 77 semileptonic

« 2f Z leptonic

* 4f WW _leptonic

* 4f WW _semileptonic IS ERTS 0 IKSHN| ___Mistrecollslg __
* AfSingleZee_leptonic 2140 how oy
. . > »2 I ndf 420 /159
* 4fSingleZnunu_leptonic 5120 height 26 04
o B mean A+ 0.
. . c - sigma : + 0.
e 4f ZZWWMix_leptonic 100~ et
° 6f baCkgroundS (Sqrt(S)=3590§eV) connection 0.7445 + 0.0091
60—
40—
20—
o:. PR R S T T ST S B l. PRI T ..wl.... .‘. | IR
0 50 100 150 200 250 300

recoil mass [GeV]



