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Realistic studies with full simulation

ILD Note
(Okugawa et al)
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Global strategy
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My study: Introduction

Data analysis of ILC simulated data:

INSTITUT DE FISICA

Final goal: Studying b-quark EW couplings.

t
- Observables; RCO” , dcdo—(syeb and A?:%

Data processed with the VLC algorithm:
- Pfos are ordered in 2 jets

* For the signal we expect the two jets in back-to-back topology (but not for the background)

Most of the background is radiative return

- And most of the data is background! (x3 for eLeR and x6 for €R€L )

Event preselection procedure:
- Cut in radiative returns
- Cut in background from pair of heavy bosons

We need a preselection with homogeneous
efficiency in the volume of the detector and with
minimal flavor dependence: to avoid modeling
uncertainties (see, for example, Irles talk)



https://agenda.linearcollider.org/event/8533/

Results before 2020 (I)

Results from the DBD samples:
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Fig. 1: Efficiency of the preselection for the different quark
flavors vs the angular distribution of the two jet system (DBD
samples)

Table 1: Total efficiency of the preselection for the
different quark flavors and radiative return (DBD
samples)




Results

before 2020 (1)

Aim:

Obtaining maximal, uniform and

flavor non-dependent efficiency
Lowest background possible
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Fig. 1. Efficiency of the preselection for the different quark
flavors vs the angular distribution of the two jet system (DBD
samples)



New samples

Results from the new samples applying DBD designed cuts:

e,er, — qg, q=udsch, 250 GeV, XX fb”

% [ R T FE R LT EET PRr T nd v e R ]
* Cuts: 5 1.4~ 4
9 B i
- K, <35GeVé&m, >130GeV igo1er 7]
- Npfos>5 1 .
- Photon veto 0.8 - .
- ¥,,<0.015 0.6 S .
- m,+m,< 100 GeV 04l =t d
C — qq (g=uds) ]
* Efficiencies: 0.2 - .
Eﬁc]‘_ency ( %) 0 :I i | [ | L1l ‘ 5 | [ | e ‘ O | s ‘ LIl ‘ { L“
T _ _ 0 0102 03 04 05 06 07 08 09 1
bb cC qq(uds) ISR Kiueo<35 GeV & m, | >130 GeV Icos 8

& Photon Veto 3 & y23<£1015 &m, +m]°<TOOGeV

71.5 69.9 68.4 0.7 -

Fig. 2: Efficiency of the preselection for the different quark
flavors vs the angular distribution of the two jet system
(new samples applying DBD designed cuts)

Table 2: Total efficiency of the preselection for the
different quark flavors and radiative return (new
samples applying DBD designed cuts)




New samples

Results from the new samples applying DBD designed cuts::
e,e;, — g, g=udscb, 250 GeV, XX b’

* Cuts:
- K <35GeV & My > 130 GeV

Efficiency

reco

N pfos > 5
- Photon veto

- ¥,,<0.015

- m,;+m,<100 GeV

 Efficiencies:
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Table 2: Total efficiency of the preselection for the
different quark flavors and radiative return (new
samples applying DBD designed cuts)

Fig. 2: Efficiency of the preselection for the different quark
flavors vs the angular distribution of the two jet system
(new samples applying DBD designed cuts)




New samples (ll)
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Fig. 3: Two dimensional maps used for the photon vetoing; impact in different quark flavors (new samples). Left plot is for b-quark events while the

right plot is for ISR. The y-axis is the energy (GeV) of the pfos identified as photons by the jet reconstruction algorithm and the x-axis is cos(8) of
those pfos.
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New samples (lll)
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Fig. 4. Two dimensional maps used for the photon vetoing; impact in different quark flavors (new samples). Left plot is for b-quark events while the
right plot is for uds-quarks. The y-axis is the energy (GeV) of the pfos identified as photons by the jet reconstruction algorithm and the x-axis is
cos(0) of those pfos.

If we try to re-balance the selection efficiencies by leveling up these energies levels then the rejection
efficiency for the radiative return goes all the way up to ~2%
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Next step:

Re-optimization of the cuts
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Re-optimization of the cuts: K

reco

« K is agood estimator of E

reco

— Definition of acolinearity:

sinW,,.; = Pi X Py q \;}(
aco — — . +p. +k=0
‘p}l‘ ‘p}l‘ PjTPj \\
- Momentum of the collinear photon in )
the ultrarrelativistic limit (m << p,,): o
|E\ % 250GeV -sin¥,.,; .
e sin IPM-U; o Si”ﬂ] —|—an92 Fig. 5: Kinematics of a two jets system

reconstruction with ISR
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Re-optimization of the cuts: K ___(ll)

e e}, — qq, g=udsch, 250 GeV, XX fb’'
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Fig. 6: Distribution of events vs K__ . The green
IF vertical lines represent the different cuts tried for K
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Re-optimization of the cuts: m

2jets
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i 97 g ILD
: jets
- - :

("D’ -
o 45000~
@ -
2 40000~
0 B

35000} — ¥Z— vqg (9=udscb)
) 30000

M 1S the sum of the : — Signal (q=udscb)

masses of both jets 25000
20000
15000
10000}
5000

O:IIII‘I_L-—F'J\-LL-IIIE \I\Ill H‘IIIIlIII\lHII

0 50 100 150 200 250 300 350 400 450 500
K 1o00<35 GeV Mys (GEV)
Fig. 7: Distribution of events vs m The green

2jets”

vertical line represents the selected cut for m

2jets

[FIC

INSTITUT DE FISICA
AR

CORPUSCUL

We set the cut to
My > 140 GeV
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Re-optimization of the cuts: Charged PFOs
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Re-optimization of the cuts: Photon veto
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Fig. 9: Selected cut for the angular distribution of energy (photon vetoing)
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Re-optimization of the cuts: Overview

Previous approach: New approach:
 Cuts:  Cuts:
= K, <35GeVé&m, >130 GeV - K., <35GeV
- Npfos>5 = My > 140 GeV
- Photon veto (DBD cuts) - Charged pfos > 1
- Y3 <0.015 - Photon veto (previous slide)
- m,+m,<100 GeV - Y,,<0.015 (we kept this unchanged)
* Efficiencies: » Efficiencies:
Efficiency ( %) - Efficiency (%)
b cc  qq(uds) ISR b cc  qq(uds) ISR Ej\itttergggt
715 699 634 0.7 634 684 680 12| oo
Table 3: Total efficiency of the preselection for the Table 4: Total efficiency of the preselection for the '
different quark flavors and radiative return with different quark flavors and radiative return with
the previous cut selection (new samples) the new cut selection (new samples)
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After optimizing the cuts, we tried to optimize the

performance of the jet reconstruction algorithm
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Re-optimization of the cuts: VLC algorithm

e Definittons constant size **  shrinking footprint
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0.5 Ec 0.5 1 1.5%:
- y:(0.0,0.5,1.0) ] Vs
J-05 L
«  We kept =1 ] 3
o ol
e'e anti-k, —*-1 ® anti-VLC E

Fig. 10: Diagram of the parameter space spanned
by exponents y and B. [1]

[1] M. Boronat et al. (arXiv:1607.05039) 19



Re-optimization of the cuts: VLC algorithm - R ()
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Re-optimization of the cuts: VLC algorithm - R (lI)
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Fig. 13: Signal/Background for different values of R (with and without angular restriction)
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Re-optimization of the cuts: VLC algorithm -y
* Impact in the very forward/backward regions:

e,eh— qg, g=udscb, 250 GeV, XX fb’’

§\ 1:\ 7T I LU | Tri I LI I LI I L | rTrT l rTri TTTrd LI I:
3 0.9f -
i u 3
0.8 =
_ i i V .
0 e I i T e o — —
S p———j—— —— . .
s [ Smaller y provide slightly smaller
: : | global  efficiencies  but  more
SR E homogeneous efficiencies in most of
0.4 =F the detector volume (Jcos(6)|<0.9)
0.3 —-qq (g=uds) (y=1.0) 2
I qq (g=uds) (y=0.5) a
0.2 = qq (g=uds) (y=0) g
0.1 f— “E
OZ\II Il1|iIiIIIIIIIIIIIIIIIIIIIlIIIiIFIfI |I 111 |\ II?;J The beSt parameter Choices
0 01 02 03 04 05 06 07 08 09 1
Koeor<35 GeV & m ,>140 GeV & C plos Velo Icos 6 are R=1 and y:O .

& N pfos Veto & Photon Veto 1 & y23<0.015

Fig. 14: Efficiency of the preselection for light quarks
IC (uds) vs the angular distribution of the two jet system.
Plots with R=1 and y=0.0, 0.5 and 1.0
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Conclusions

*  Anew optimization of the preselection is provided. This is to be used in ss/cc/bb
analysis at Vs=250GeV and will be the starting point for vs=500GeV

e el — q7, g=udsch, 250 GeV, XX fb”

(?).‘ _I 1T | TT 1T | TTTT ‘ TTTT ‘ TTTT ‘ TTTT | TTTT | TTTT ‘ TTTT ‘ TTTT
* At higher energies, the VLC algorithm may play a more important role (larger beam § 1.4~ 7
background expected) = .
«  Chosen configuration: 12 7
v -
Cuts: VLC Algorithm 08 ]
- K_ <35GeV parameters: L .
« m,_ . >140 GeV - R=1.0 0.6/ -
jets . — O O L _
e Charged N pfos Y DS C _ ’
* Photon veto * B=10 0.4 " @ V22 1R (Grudsct) .
. Y23 <0.015 C — s ]
0.2 — bb —
e € ]
Og—o—o—o—l—n—o—o—r—l—o—o-aaluul1""“"|'4—H|"“"" i
T : 0o 01 02 03 04 05 06 07 08 09 1
_ Efficiencies ( %) Koeco<35 GeV & m, | >140 GeV & NpfosVeto cos 8
R bb cc qq (UdS) ISR S/B & Cnpfos Veto & Photon Veto 1 & Y ,,<0.015
604.7 | 64.6 64.3 0.9 237 Fig. 15: Efficiency of the preselection for the different
1.0 guark flavors vs the angular distribution of the two jet
68.3 | 68.5 68.1 1.1 28.1 | <& |cosB| <0.9 system (new samples, final configuration)

Table 5: Total efficiency of the preselection for the different
quark flavors and radiative return for the chosen
configuration (y=0). The second row is for |[cosB]| < 0.9
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BACK-UP SLIDES
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Re-optimization of the cuts: Why do we need equal efficiencies?
* Impact in the Double Tag method for b-tagging:

—  Observables:
 Ratio of g-flavored quarks:

Having different  selection

cont.
o coSO|)=  Fora specific q flavora L2
* (‘ ‘ P a efficiencies for each quark

cont. e e —qq
R, (lcos,|) = 6" (|cos@[) < Alpossible g flavors <

flavor will lead to a biased
computation of this observable

This bias affects the b-tagging process,/
/]

* Fraction of jets tagged as b-quark (first tag): /|

fl _ glec)om. + SCRgonr. + guds(l _Rlc)ont. _Rgont.) ‘|‘F1bkg(8w g, SudS’BKG) ’
* Fraction of preselected events in which both jets are
tagged as b-quark (second tag): J

f2 — 8{3(1 + pb)Rgom. + SCZRCOM. + gf,%ds(l B Rgom. - Rgont.) —|—F2bkg(83, 85, EﬁdsaBKG)

c




Re-optimization of the cuts: Leveling up the photon veto

Previous approach:

Koo <35 GeV &m,  >130 GeV

reco

N pfos > 5
Photon vetoing

Y,; < 0.015
m, +m,< 100 GeV

Efficiencies:

Efficiency (%)
bb cc qq(uds) ISR

71.5 699 684 0.7

Table E1: Total efficiency of the preselection for
the different quark flavors and radiative return
with the previous cut selection (new samples)

Re-balancing the photon veto:

Cuts:

- K <35GeV & m,, > 130 GeV

reco ts

- N pfos>5
- Photon vetoing (leveling up)

- ¥,,<0.015

- my+m,< 100 GeV

Efficiencies:

~ Efficiency (%)
bb  cc  qq(uds) ISR

71.2 7T1.1 71.0 1.9

Table E2: Total efficiency of the preselection for the
different quark flavors and radiative return with the
new cut selection (new samples)
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New samples (Photon veto)

bb cc
— 250 — 950
3 N E 160
o F 2
200 — 200 140
C 100
150— 80
M 60

s o ot b S S M S A If we try to re-balance the
' selection efficiencies by
" leveling up these energies

levels then the rejection
efficiency for the radiative
return goes up to ~2%

E, (GeV)
E, (GeV)

L]
o A Rt el P RS N Iy YIS
-1 -08 -0.6 0.4 -0.2 1] 0.2 0.4 0.6 0.8 sl
T

Fig. E1: Two dimensional maps used for the photon vetoing; impact in different quark
flavors (new samples). The y-axis is the energy (GeV) of the pfos identified as photons
by the jet reconstruction algorithm and the x-axis is cos(8) of those pfos. 28
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Re-optimization of the cuts: N. PFOs

Jet, pfos

50

Jet, pfos

40

30

20

50

Jet, pfos

‘10‘ i .20. Pl .30\ - \40

50
Jet, pfos

CcC

B T RS R A A

At least 2
pfos in each
jet

\10\\\\20....

Jet, pfos

. E2: Selected cut for the number of total pfos associated to each jet
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Re-optimization of the cuts: VLC algorithm -y (E. )

| Efficiency (%)
~ = 0.0 v = 0.5 v =10

R bbb cé qg(uds) ISR| bb  c¢ qq(uds) ISR | bb  cé qg(uds) ISR
0.96 63.8 | 63.8 63.4 0.9 | 68.0 ] 67.7 67.2 0.9 | 68.167.8 67.2 0.9
674 | 67.6 | 672 1.1 | 71.0 | 70.9 | 70.3 1.1 | 70.6 | 70.4 | 69.7 1.0

1.00 64.7 | 646 | 643 | 09 | 688 |68.5 | 67.9 1.0 | 68.8 | 68.4| 678 | 0.9
68.3 | 68.5 68.1 1.1 | 71.8 | 71.7 71.1 1.1 | 71.3 | 71.0 70.4 1.0

1.05 66.0 | 65.9 65.5 1.0 | 69.8 | 69.5 68.9 1.0 | 69.7 | 69.4 68.8 1.0
69.6 | 69.8 69.4 1.2 | 729 | 72.7 72.2 1.2 | 72.2 | 72.0 71.4 1.1

Table E3: Total efficiency of the preselection for the different quark flavors and radiative return for different values of R
and y. The second row of each set is constrained to the barrel region (for |cos8| < 0.9)

Signal /Background

R [v=0]|~v=05|~=10
The best parameter choices are R=0.96 or 0.96 24.9 25.2 26.6
1 (in global efficiency estimation) and y=0 294 | 276 27.8
(due to the loss of efficiency in the 1.00 23.1 24.5 2.1
forward/backward regions for other values) ' 28.1 26.9 27.1

22.2 234 24.5

105 26.6 25.9 26.0

Table E4: S/B for the different quark flavors and

radiative return for different values of R and y.

The second row of each set is constrained to the

INSTITUT DE FISICA barrel region (fOI‘ |COSG| < 09) 30




Re-optimization of the cuts: VLC algorithm - 8 (E. I)

€6}, — G0, g=udscb, 250 GeV, XX fb’! | L D €,64 — 40, g=udscb, 250 GeV, XX fb | D
3\ _I i ! rrri I rrrt | | 55 L B | | 50 P 2 | I rrri | rrri | LILBLIL | LI | 253 \_ a: 7| rri | rrri | LI I Bzl Rl | rrr | LI I LI | LU LI | LI I7
& 1.4 — § 1.4 -
120 F=07 =10 1 1.2F -
s 18.4 23.7 - § ]
1- ] 1 :— _:
0-8 _ i P il — 0.8 __ __
0.6 — h - 0.6 N -
i ] . —bb _— =z _
0.4 e El_g — 4Z— 9 (q=udscb) ’A_ 04— o | YZ— yqq (Q—Ud§0b) | -
. : ., NS il
0.2 \_ 0.2 i L
: L: 0 _I 111 I | | | 111l I L1l | L1 11 | |- I L1l | L1l [ | - l L1 LH_
00 b ] 6]‘; 1 I(i)|2| 11 (I)lé =l 6|4| 1 I{I}Ié 1 (I)lﬁll I (i)ITI e 1 (I)lsr | 6}9[ 1=t ['rT 0 0.1 0.2 0.3 0.4 0.5 0.6 0'7 0'8 0.9 1
: . . : ) ' ' ' Icos 0l Kreco<35 GeV & m; ; >140 GeV & NpfosVeto lcos 6!

Kreco<35 GeV & m; J._;-)‘40 GeV & NpfosVeto

& Cnpfos Veto & Photon Veto 1 & y23<0.015 ] T ]
Fig. E3: Efficiency of the preselection for the different quark flavors (b,c, uds) vs the angular distribution of the two jet system (new

samples, final configuration) for different (3 values: 0.7 (left) and 1.4 (right)

& Cnpfos Veto & Photon Veto 1 & y23<0.015

Lower values of (3 result in a lower S/B due to leakage of ISR while higher values leads to
lower efficiencies and differences between quark flavors. We decided to keep =1

INSTITUT DE FISICA
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Preselection for all quark flavors (u,d,s,c,b)

e,er. — qq, g=udsch, 250 GeV, XX b’

a _I T TT | TTTT | TTTT | TTTT | TT II|IIII|I\II‘IIII‘II\I|IIII_
& 1.4 —
S :
] i ]
1.2_— ]
1 =
0.8 B
0.6 B
0.4 —ud — yZ-> v4d (g=udscb) -
i dd B
- — 5§ 7
- cC -
O_I ! ! e e ! o e ! 4 II!IIII!I}II!IIII!II}I!}-I | I_

0 01 02 03 04 05 06 07 0.8 09

1
Kooco<35 GeV & m, | >140 GeV & NpfosVeto |cos 8|

& Cnpfos Veto & Photon Veto 1 & y23<0.015

Fig. E4: Efficiency of the preselection for the different quark flavors
(u,d,s,c,b) vs the angular distribution of the two jet system (new
samples, final configuration)
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Efficiencies after each cut

Cuts:
1) K__<35GeV

2) my,, > 140 GeV
3) Charged N pfos
4) Photon veto
5) Y, <0.015

~ Efficiencies (%) ~ Efficiencies (%)
Cut | bb ¢¢ qg(uds) ISR |S/B||Cut| bb ¢ qq(uds) ISR |S/B

1 |81.2[80.8] 81.0 [57 ] 49 || 1 [83[8.0] 8.0 [58] 68
2 809807 810 |52 |54 2 [81[89] 8.0 |51]76
3 [80.9[80.7] 810 [52 |84 ]| 3 [80/[829] 8.8 |26 150
4 [ 779|773 765 | 1.5 | 184 4 [829[825] 81.6 | 1.8 2Ll
5 | 647646 643 |09 [237|[ 5 [683[685| 681 | 1.1 |28.1
SinallBackground ratt aftersach ot P er each aul. Data constianed 0 [o0s6l <00 o
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B-tagging

IFI
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—_
a

Efficiency

1.2

0.8

0.6

0.4

0.2

0

K oco<35 GeV & m; | >140 GeV & NpfosVeto

& Cnpfos

e e}, — g7, g=udsch, 250 GeV, XX fb

_ b_E

— vZ— yqq (g=udscb)

0 01 02 03 04 05 06 07

L\II‘JII\|JIJI‘IIJI|I\IIJ_II\I|\II

Efficiencies ( %)

bb  c¢ qg(uds) ISR |S/B

37.51 | 0.02 0.00 0.06 | 30.34

40.80 | 0.02 0.00 0.08 | 40.49

Table E7: Total efficiency of the preselection for the different
quark flavors and radiative return after applying b-tagging. The
second row is constrained to [cos8| < 0.9

08 09
o

Veto & Photon Veto 1 & y23<0_015 & B-tag

Fig. E5: Efficiency of the preselection for different quark
flavors and ISR vs the angular distribution of the two jet

system after applying b-tagging
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Durham algorithm

e,er. — q7, g=udscb, 250 GeV, XX fb’ | LD

12000 — YZ— vqq (g=udscb)

Entries/GeV

10000
— Signal (g=udscb)

8000

6000

4000

2000

‘\Ill I\‘\Illll\‘\ll
00 20 40 60 80 100 120 140 160 180 200

[No Cuts] reco (GEV)

Fig. E6: Distribution of events vs K __ for the reconstructed data with the Durham algorithm (left) and the VLC algorithm (right)

reco

IFI
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Durham algorithm (lI)

e,et,— qq, g=udscb, 250 GeV, XX fb’’ I D
a\ _J LI ! rrri I rrri I TTTT I TTTT I TTTT I TTTT I TTTT TTTTI | | L I_
& 1.4 ’
QO B |
t B 7 . .
B, ol g Efficiencies ( %)
i ] bbo  cc qq(uds) ISR |S/B
1 ’_T““u"—"" :‘_-"r"‘;"'"-2-5.1:5"-"'."*11?3"".“-'5151"-f.'.".".j‘_‘:_J':i-’lji:.'.iizij.'-'f_i";‘rj\'.‘_:'_:"._:-j.‘--:n;,.‘-i'=r.\5r_;-'w;.:::;-__P:.:-.—:-":-__Es?::f-«\'t(fi;zt;:.-f\il:_et_“;,;uu--f.‘:,:_!_,. iy __ 9 1 o 5 9 ]. . 8 9 1 . ]. 5 . 3 6 . 1
081_ \ 4 96.7 | 97.0 96.0 6.2 | 74
B l i Table EB8: Selection efficiency, rejection power and
- - Signal/Background ratio after performing all cuts with the
0.6/~ — data reconstructed using the Durham algorithm
0.4:— - g’g — vZ— yqq (g=udscb) i
: — qd (g=uds) .
0.2[—
O‘-I | | ! 1111 I I.I 11 I | el I i I | k) O i I | I ] I L1111 I L1111 l | | A }T;
0O 01 02 03 04 05 06 07 08 09 1
Icos 6]

Kieco<35 GeV & m; j.;ﬂ' 40 GeV & NpfosVeto
& Cnpfos Veto & Photon Veto 1 & y23<0.015

Fig. E7: Efficiency of the preselection for the different quark flavors
(b,c,uds) vs the angular distribution of the two jet system (new
samples, final configuration)
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