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recoil mass study using e+e- < Zh = p+p-h
@ Ec.m.s. = 250 GeV, L =250 fb-1

Goal:
precise measurement of

* Higgs mass
* cross section O, : N= O*L*¢

Dimuon recoil mass = peak @ mh ~125 GeV

polarization:
(e—, et+) = (0.8, 0.3)

measure Higgs without having to look directly at Higgs ! M2 = (P{:M — (Put + Pu- ))?

e+e- 2 Zh = p+p-h process is important for

model independent measurement of absolute Zh coupling :

ghZZ "2 o< [ (h > 2Z%) / [ tot

also useful for other couplings and branching ratios

250 fb—1@250 GeV ™ = 125GeV

Aoy /og = 2.6%
Am H — 30 MeV
BR(invisible) < 1% @95% C.L.

from K. Fujii @ Higgs and Beyond, Sendai, June 2013



Changes from previous week

O corrected some bugs in analysis e.g. when selecting best muon pairs

O do track selection at beginning and change method
before : dP/PA2 <> now: cos(trackAngle) details later

O further optimization of BG rejection = improve signal efficiency @
this time, efficiency table is made in narrow signal range using weighted events



Samples
for now, only used elLpR and eRplL
/grid/ilc/prod/ilc/mc—dbd/ild/dst—-merged/250-TDR ws/

Assign weight based on cross section, luminosity, polarization
event weight = pol_weight * ( process_cross_section * assumed_integrated_luminosity )

/ (_ number_of reconstructed_events )

Signal sample:

higgs_ffh/ILD_o1_v05/v01-16-p10_250
rv01-16—p10_250.sv01-14-01-p00.mILD_o1_v05.E250-TDR_ws.I1106479.Pe2e2h.eL.pR—-00001-DST .slcio
rv01-16—p10_250.sv01-14-01-p00.mILD_o1_v05.E250-TDR _ws.1106480.Pe2e2h.eR.pL—00001-DST .slcio

List of BG process for Zmumu elLpk CroSs sec wiight
o 4f 77 lepteni higgs 1714 0146
»Af 77 semileptonic BG in order of large cross section

« 2f Z leptonic , SF 7 | 91226 4 ! 48
* 4f_WW:_leptonic doninant ones - ° :

NfSinelezee lepton Af 2 LW | 1636.04 0283

Qb ccee_ep o AF VWA | 156421 0573
* 4fSingleZnunu_leptonic

- 4f ZZWWMix_leptonic Af 77 =l 1422 14 0523

At singled ee | 1084 1 0921

Af singlesd nn_| 192 795 047

H L7 19796 0478



Muon Selection

*reject neutrals

e Ptot > 5 GeV
* small E_cluster / P_total < 0.5

* opposite charge

ack selection ed & changed

cos(track angle) < 0.95
|DO/SDO| < 4

2 mu candidates with opposite charge
if several possibilities :
ese pair with invariant mass closest to

Final Selection

analysis after filling root files

86 GeV <M mumu <95 GeV

123 GeV < Mrecoil < lss%ed

10 GeV < pT_mumu < 70 GeV
0.2 < mumu_acoplanarity < 3
|cos(0_Zpro)| < 0.91

(Z production angle)

hist_recoil_stack

Evaluate data selection
efficiency in within range
of 123 — 135 GeV
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Comparison of Some Parameters
between Signal and BG Processes



|__hist_d01_jackieZH_higgs_ffh_Pe2e2h_eL.pR | e, 4t s, P oo
Entries 6445
Mean -0.01827
RMS 1.106

Impact parameter
D0/ &6 DO

this cut will be more effective after
stau—tau samples are included
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| hist_d01_jackieZH_4f_singleZee_leptonic_eL.pR | e ot 8 e e
Entries 1535
Mean 0.01723
RMS 1.157

o
(@)

4f singleZee_leptonic

For some BG processes

exceed +/- 4 slightly

do cut : |D0/ 6 D0| <4
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Cos(track angle)

hist_trackAng1_jackieZH_2f Z_leptonic_eL_pR
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good track selection

dP/P?

Usedto do cut: dp/p? < 5E-5

i skl jacsdalen M T kpisaic sl pA

| hist_track1_jackieZH_2f Z_leptonic_eL.pR
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ik 1_jsckdalen_41_IT_kpicek sl pA

120

100

80

BG
4f 77 leptonic

60

40

20

Entries 4903
Mean 3.84%e-05
RMS  2.52e-05

(PeT TR R b [ 1]

0.16 0.18




correlation between Cos(track
angle) and dP/P"2

| hist_trackCorr1_jackieZH_2f Z_leptonic_elL_pR
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cosine of track angle

| hist_trackCorr1_jackieZH_4f ZZ_leptonic_eL_pR |
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| hist_trackCorr2_jackieZH_2f Z_leptonic_el_pR

correlation between PT and dP/P"2
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hist_pt_sig |

PT of dilepton system 35
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Entries 10574
Mean 46.41
RMS 13.86
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peak at about 60 GeV
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dominated by 2f Z leptonic,
many low PT ,events
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acoplanarity

fabs (atan2(py1,px1) —
atan2(py2,px2))

if (acos>pi) {acos = 2*pi — acos;}

|__hist_acos_jackieZH_higgs_ffh_PeZe2h_eL_pR |
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Entries 4903
Mean -0.002834
RMS 0.7716

Z production angle

blue: BG (4f ZZ |
very forward
-> use for cut

Black: Signal
isotropic

docut: |cos(O Zpro)| < 0.91



BG Rejection Efficiency : 123 — 135 GeV RANEESYENZECIELIKRYIEN XY,

not as good
if no initial track selection: S/N =0.22

after M_rec cut .....
PT _dl and cos9Z cut seem quite effective for improving S/N

4 LL | 4 LL sl ralral) dfsingledee | 4fsinglednnl  4LZIWWMix
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recoil mass after implementing all cuts

| hist_recoil_all | hist_recoil_all
Entries 25290
n a Mean 127.4
. . § %F | RMS 6.631
fitted recoil mass S sof ! S sh il 198
E‘ = h mean 1253+ 0.1
Mh=125.3 GeV +/- 70 MeV ~ ™ 1k boundary 04204 + 00101
g0 ! connection __0.5365 + 0.0762
50 'H
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'Il'lll
2 I | . I T TR T | ! I

20 25 130 T35 140
recoil mass [GeV)

—
Gllll

€ BG: 3" order polynomial

@ signal: GPET: 5 parameters : Gaus (left-side) , Gaus + expo (right side)




* Higgs recoil mass study using e+e- 2 Zh 2 p+p-h @ Ec.m.s. =250 GeV, L =250 fb-1
* changes made to data selection method

* updated results:
signal efficiency € = 60%, S/N ~ 0.47, S/sqrt(S+BG) ~20, BG effficiency 2 5.5 %

. fitted recoil mass: 125.2 GeV +/- 70 MeV

Further Plans 1 1 1

® optimize data selection method = want higher signal efficiency
study distribution of various parameters

include eLpL & eRpR + other BG processes (tau related, hadronic, ect just to be sure)
estimate mass resolution using pseudo-experiments

analyze scenario of unpolarized beam
in near future, analysis at Ec.m.s. =350 GeV




Thank You everyone for Listening

Thank you to

Daniel—san, Fujii—san, Suehara—san, Tanabe—
san, Watanuki—san, Miyamoto—san and others

for your help and advice



BACKUP




BG Rejection Efficiency: 115 — 140 GeV

BG_all f S/ sqri{5+N)

1195448 107/4.8M
475546 987697
2865945 D3b.6712

16635 1 28.977

8361 91.438

1351 B5.773

2168 75947

after M_rec cut .....
PT _dl, cos9Z, and acop cut seem quite effective for improving S/N

4 L | 4f L4 sl 2L | 4 _WW_I dfsingledee | 4fsinglednn | 4 ZIWWMIx
11743 48064 807810 JJ606 28804 1260 119182
8284 J6246 BO/ial H658 12664 2020 H4406
4354 19617 297418 108 1452 2136 adbd
iF J167 42862 234 184 432 1238
43 1724 424 2639 1831 4449 1314
Jad 15968 Jdod 244 168 405 1299
J04 1M 2247 248 140.6 328 1118




example dagrams
for BG process for
Zmumu
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T

Entries 58725

track angle

00— Mean  1.565
- RMS  0.8554
| hist_trackAng1_jackieZH_2f Z_leptonic_eL_pR | i bk kb 2t o 600 —
— Entries 915163 -
20000 w Mean 1.571 =
18000 — RMS 0.8321 400
16000 — -
14000 — BG 300 BG
1o 20 Af WWL
oo 2f 77 | _E
8000 =
_— _I L1 1 I Ll L 1 | Ll 1 1 I | - I Ll 1 | I | I - | L1 1 1 I L1 1 1
6000 |- 0, 0 1 2 3 4
4000 —
2000
ﬂ : | T - I L1 1 1 I L1 1 I L1 1 | L1 1 1 | L1 1 I | - I L1l 1
-4 3 2 -1 0 1 2 3 4

|_hist_trackAng1_jackieZH_higgs_ffh_Pe2e2h_elL pR | e | hist_trackAng1_jackieZH_4f ZZ_semileptonic_eL_pR |  |wmww s snimmmeen
- Entries 21841 n Entries 94594
6o F Mean 1.585 00 Mean 1.574
- RMS 07214 an0E RMS  0.8739
50— Si gnal 700 ;—
40 :_ peak ~ 2 600 ;—
- 500 = BG
30 400 -
= = 4f ZZ sl
C 300 —
20— E
C 200~
10— 100 =
E ﬂzl Ll 1 I Ll 1 1 I Ll 1 | I | - | Ll 1 1 | Ll 1 1 I | - I | N -
ﬂ L1 1 1 | L1 1 L I L L1 1 | Ll 1 L I L L1 1 | Ll 1 L I L Ll 1 | 1 L L1 -4 -2 '1 ﬂ 1 2 3 4
) 3 2 1 0 1 2 3 4




Cos(track angle)

| hist_trackAng1_jackieZH_2f Z_leptonic_eL_pR | bt sz i
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BG Rejection Efficiency (OLD)

cut Ed all

no cut 2196102
M_inwv 28024
M rec 1455%
P_Tdl 2702
acop Jag4
&7 [Dd
dP/P"2 4155
DOS & DO J825

after M_rec cut .....
PT _dl, cos9Z, and acop cut seem quite effective for improving S/N

cut 44 L7 4 2L sl 21 2 | 4 WAL HSinglelee |  MHSinglelnn | 422N

no cut 58430 145239 1606715 60118 57157 22282 208168
M_inv Fatlts: 20801 248008 2360 2371 EHIEH 5100
M_rec 827 2224 £169 B30 289 526 1497
P_TdI a0 2141 2676 510 277 598 1440
acop 525 1260 2001 FE0 240 530 1344
&z 227 1634 1442 01 183 480 11593
dP/P"2 337 1224 295 Chils 123 a7a 867
DO/ & DO 331 1203 291 126 121 a7z Sl




Toy MC pseudo experiment

Generated 1000000 events
according to histogram

| hist_recoil_mc hist_recoil_mc
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mass_recoill |
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recoil mass distribution for some BG processes
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Calculation of Event Weight

Assign weight based on cross section, luminosity, polarization

event weight = pol_weight * ( process_cross_section * assumed_integrated luminosity )
/ ( number_of reconstructed_events )

Ec.m.s = 250 GeV
luminosity 250fb—1

ILC polarization: ex) ifeLpR : (PL+PR)/ (PL-PR) : (e—, e+)=1(0.8,0.3) :
>for electron: 90% is left—handed (10% is right handed)
>for positron: 65% is left (35% is right)
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