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Motivation Goal

Preshower

DCH Rout = 200 cm

I

DCHRin = 35cm

lDetector height 1100 cm

CalRin = 250 cm

Cal Rout = 450 cm

Study of the decay(s):
1. B9 — Dx,K*
2. (Bs— J/y )

Yoke 100 cm

) Magnet z = +300 cm

Defining IDEA's tracking features
(full-sim) and estimate (fast-sim)

With 75 (310) billion of B9 (B9), pckm(DsK) = yekm + Vs - 2Bs e 2s

o(y) ~ 0.4° and o(Bs) ~(3.4 x 102)°

Using HEP-FCC/FCCAnalyses framework
—> key4dhep/EDM4hep
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BOs — DK+ — (KKrmet) K+

K*

on
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Signal MC samples
B0 — D=K* — (KK7) K+

1
Decay B_s0

1.000 MyD_s- K+ PHSP;
Enddecay

CDecay anti1-B_s0@
#

Exclusive Z — bb with ———————> [
1()]( cvents @ \/S 91 188 GeV Emlj(-jgi)gyMyphi pi- PHSP;

CDecay MyD_s+
=
Decay Mypht
1.000 K+ K- VSS;

NB te\y ;nddecay
le was priva -
Sacrjn . ith an old (W\ntert O%\)
pdeLrlg‘in of Delph€s genera
ve
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MC Status

BYs — D+K* — (KKn=) K+

Reconstructed D=, mass
|dentification the D-g state -
v 140 - Entries 839
% — Mean 1.968
E 120 __ Std Dev 0.007425
*g 100 —
D, identificatien through the KKn "
- 60—
PID is 100% F
(i.e. made via PDGid) E
20—
- L . . i A A A | T N U
q.9 1.91 1.92 1.93 1.94 1.95 1.96 1.97 1.98 1.99 2

m(KKrn) (GeV/c?)
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MC Status

Truth Matching
BO, — D+ K*¥ = (KKm) K~
Reconstructed D+, mass
|dentification the D~ state -
”g 250 (— Entries 838
O B Mean 1.968
E - Std Dev 0.004795
% 200/
D, identification through the KKn Y b
vertex reconstruction -
100 — |
PID is 1009% -
(i.e. made via PDGid) ol MHFH LLM
Qe e e e e e
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MC Status

h MatCh\ng
BOs — D+ K*¥ — (KKm) K*

Trut

Reconstructed B9 mass
|dentification the BOs state -
N§ B Entries 831
O a 5.367
: : = 00— 1 glt?jalgev 0.01771
Combine the D¢ candidates 8 L
with the bachelor K+ 5 sl
BO; identificatian through the DK -
vertex reconstryuction 40
PID is 1009% 20—
(i.e. made via PDGid) T | N
%.2 5.25 5.3 5.35 54 5.45 55

m(D_K) (GeV/c?)
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Status
BO, — D+ K*¥ = (KKm) K~

Truth Matchind

Reconstructed BOsmass

|dentification the B9 state g

_ Entries 824
Mean 5.367
Std Dev 0.01437

140

Combine the D-scandidates
with the bachelor K+

120

Events/3.00 MeV/c?

100

80

B identification through the

vertex reconstruction *

40

20

PID is 100%
(i.e. made via PDGid)

I | Ll L — | | ] ] l—l_!_l_ll_l_url—l—-—n_ﬂ— L

5.25 5.3 5.35 5.4 5.45 5.5
m(D_K) (GeV/c?)

i\)III|III|III|III|III|III|III|III

"3 NB Not back propagated to B vertex
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Status
BO, — D+ K*¥ = (KKm) K~

Reconstructed BO%mass
|dentification the B9 state .
N§ B Entries 673
o 60— Mean 5.365
= B ev .
Combine the D-scandidates S L R
» 90—
with the bachelor K+ § F
B 40—
BO identification through the DK s0f-
vertex reconstruction F
. toF-
PID is 100% -
(i.e. made via PDGid) 82" Bz B T

m(D K) (GeV/c?)
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Status
BO, — D+ K*¥ = (KKm) K~

Reconstructed BO%smass
|dentification the B9 state .
S B Entries 585
S 140— Mean 5.367
Combine the D-scandidates 8 b Sper o
with the bachelor K+ E F
BOg ID through the DsK 30—
vertex reco, but the Ds CovMat 0
is re-estimated via a ToyMC ol
PID is 100% “E merFj L
(le made Via PDGK}I) %.; — '5.|25' T 5J.§qu 5.135' 54 '5.|45w' "5 5

m(D K) (GeV/c?)
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BO, — D= K7 — (q2) K=

K*
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Divide the K
into 2 sub-groups

D. - Kaons
Bachelor-Kaons

Using (1020) mass as
discriminating values
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Status

B0, — D=K* — (qm2) K=

Reconstructed ¢ mass

) _ h
% — Entries 5892
ff — Mean 1.118
i = Std Dev 0.748

300 — > —

250 — ]

200—

150 [— leJ |

100— D.- Kaons

50 —
O :I ] |7| ] ] 1 I I I | I | I L1 1 1 I L1 1 1 ] ] ]
0 0.5 1 15 2 2.5 3.5 4 4.5 5

m(KK) (GeV/c?)
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Reco Status
10k Events
BO, — D= K* — (qm#) K=
Reconstructed D=, mass :
*UE) 450 — Entries 5657
L?>j — Mean 1.861
400 — Std Dev 0.4262
|dentification the D~ state 3502—
3oof—
D; identification through the KKn =
vertex reconstruction 200%_
PID is 100% 150
(i.e. made via PDGid) oo
01_ 1.2I | I1.4I | I1.6I | I1.8I — 2 — I2.2I | I2.4I | I2.6I | I2.8I=.J ; 3

m(KKn) (GeV/c?)
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Status
BO, — D= KF — (qm2) K=

Reconstructed D=, mass :
AN il _ Entries 804
> — Mean 1.962
= - Std Dev 0.01964
8 140_—
|dentification the D~ state g F
2 -
D; identification through the KKn = -
vertex reconstruction 80— .
PID is 100% 601
(i.e. made via PDGid) 40—
iﬂﬂﬁmu A A - | -
99 1.01 1.92 1.93 1.94 1.95 1.96 1.97 1.98
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RecO Status
10k Events
BO, — D= K7 — (qm) K=
e Reconstructed BO;mass
|dentification the B9 state o L
E 140 | Mean 5.33
Std Dev 0.8066

Combine the D¢ candidates
with the bachelor K+

120

100

(00)
o

BOs identification through the DK
vertex reconstruction and requesting

1.9 GeV/c2< m(Ds) < 2.0 GeV/c?

()]
o

TN
o

N
o

I\)III|III|IIIIII|III|III|III|III

PID is 100%
(i.e. made via PDGid)

L b |.-n-.| IHEEHMIL\'L!LMFHﬂMﬁLHHHMI | [ | |.-.| l n
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Reco Status
10k Events
BO, — D= K* — (qm#) K=
o Reconstructed BOsmass
| dentification the B9 state v F U
% - | Mean 5.365
. s B Std Dev_ 0.04746
Combine the D-scandidates S ¢
with the bachelor K+ 5 20
BO, identification through the DK 15;_
vertex reconstruction and requesting W |
1.9 GeV/c2< m(Ds) < 2.0 GeV/c2 - ]
5_— |
PID is 100% T j[LI_mW_mJL J—|J7
(i.e. made via PDGid) oo olpbhocll o, """IJ'L(L"L"'J Lol

32 5.25 5.3 5.35 5.4 5.45 5.5
m(D_K) (GeV/c?)
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Reco BOs — D K* — (prit) K¥ — (KKm) K

1M Events

|dentification the B9 state

Reconstructed B% mass
Combine the D-scandidates B S oS 13604
with the bachelor K+ (= bn+) % 350 :—1 .9 GeV/c2 < m(D;) < 2.0 GeV/c2 gntzagev o.gé%%i
% SOOf—
BO; ID through the DK : e
vertex reconstruction and requesting =
1.9 GeV/c2< m(D,) < 2.0 GeV/c? B
150
PID is 100% =
(i.e. made via PDGid) 0

50
5.31 5.32 5.33 5.34 5.35 5.36 5.37

Status of the B9 — D+, K* benchmark analysis

5.38 5.39 5.4 5.41
m(D_K) (GeV/c?)
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Reco BOs — D K* — (@) K¥ — (KKn) K+

0.5M Events

Main Background Contributions

Main mode | Decay chain Background Decay chain
Samples run mode

and analysed B, DK™ | Df > ¢nt,¢ > K*'K~ | B, D*K* | DI* - ymt, ¢ > K*K-
- D - ¢pt, ¢ > KK~ “ Dt S ydpt, b » KK~ pt — mtn®
B, - DIK"* | Df - ¢nt,¢ » K*K~,K*¥ - K¥n”
’ DS:_I-_)qbpi:qb_)K-*-K_;Pi—>7Ti_7TO,K*¢—)K¢T[O
Bs—>l)si1t+ Dsi—mpni,gb—)](ﬂ(-
” DI - ¢pt, ¢ > K*K~,p* > nn®
BS_)Dfpi_ Ds.i_)¢ni;¢_)K+K_,p$—)n'$n'o
B? —» D&?K+ DSi - ¢ni,¢ - KYK-
’ DI - ¢pt, ¢ > K*K~,p* > nn®
Ag - Ds‘p+ DSi - ¢ni,¢ > KYK~

" DF - ¢pt, ¢ > K*K~,p* > nn®
A‘}, — D;‘p+ Dsi - Yd)ﬂi, ¢ S KYK™

) DI - yppt,¢ > K*K~,p* - nin?

Delphes FCCee Physic events dev production (IDEA with Track Covariance full matrix lower triangle)

http://fcc-physics-events.web.cern.ch/fcc-physics-events/Delphesevents dev IDEA.php
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Reco BOs — D K* — (prit) K¥ — (KKm) K

0.5M Events

|dentification the B9 state

Reconstructed B9 mass
Combine the D candidates S 5000 55D,
: = s

with the bachelor K+ (= ¢n+) s Y e oDy

@ 4000 WEEE A, —D.p

‘GEJ __ A, = Dgp
0 3500 —
BOg ID through the DsK =
, , 3000 —
vertex reconstruction and requesting =
1.9 GeV/c2< m(Ds) < 2.0 GeV/c? 2000 -
1500
PID is 100% 1000;
(i.e. made via PDGid) s00

037 532 533 B34 B35 586 53 —536 530 i 5

m(D K) (GeV/c?)
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Samples run
and analysed

Their combinatoric
contribution needs to

be addressed

Tried to restrict possible
D. candidates
via ¢ = KK vertexing

Status of the B9 — D+, K* benchmark analysis

BOs — DK+ — (@) K¥ — (KKn2) K+

Main Background Contributions

Main mode | Decay chain Background Decay chain
mode
B. - DIK* | Df 5> ¢nt, 0 - K*K~ | B, > D*K* | D!* > yopnt, ¢ » K*K~
" Di - ¢pp*, ¢ > K*K~ " D:* - y¢p*,¢ » K*K™,p* - n*n’
B, > DIK** | Df » ¢t - K*K—,K*t » K*n”

B, > Dim*t
{4

| B.> Dip* | DI ¢nt,p > KK, pT > nFn®
B° > D;K* | D » ¢nn*,¢p > KK~
‘ DI - ¢pt, ¢ = K*K~,p* - ntnf
Ap ~ Dip* | DI - ¢, » KHK-
‘ DF - ¢p*, ¢ - K*K~,p* —» ntn”
A} - D pt | DY - ypnt, ¢ - KHK-

{4

D - yppt,¢ » K*K~, pt —» ntn®

Delphes FCCee Physic events dev production (IDEA with Track Covariance full matrix lower triangle)

http://fcc-physics-events.web.cern.ch/fcc-physics-events/Delphesevents dev IDEA.php
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RecoO
1M Events

B0 — D+ K* — (@) K¥ — (KKmt) K+

Combine the D¢ candidates
with the bachelor K+ (= ¢n*)

applying ¢ = KK vertexing

BOs |

D through the
vertex reconstruction a

DK

nd requesting

1.9 GeV/c2< m(Ds) < 2.0 GeV/c?

PID is 100%

Bo%,—DK Bo%—Dgq = Bo%— Dy
BEEE 13604 109271 214622
Selection
=K 15042 103285 136776
vertexing

Status of the B9 — D+, K* benchmark analysis

RS
= 5000
O

S .
- 0))
- o
o o

Events/1.00 M

3500

3000

2500

2000

1500 |-

1000 —

Reconstructed BOsmass

hBs2DsK

Bl Signa
B, > D, 7
B, — D p

IHI‘HH‘\IH‘I\I!‘H

500

Entries 15042
Mean 5.363
Std Dev 0.02186

i

m(D K) (GeV/c?)

21



Conclusion and Outlook

BO. & D*. masses are reconstructed
with 100% correct PID

Background channels need to be
addressed, the SecondaryTrack method is
being investigated as well as
hemisphere selection

Implement the newest vertexing
method added to EDM4Hep

Next Steps

On a longer time-scale

Run over GEANT4 IDEA detector (full-sim)
Add a more realistic PID
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Reproduce the plots of the
BO; reconstructed mass
on the rightl]

number of events

Ref.[1] describes a
generic FCC scenario, so
it would be useful to see

them within EDM4hep

number of events

[1] R. Aleksan, L. Oliver, and E. Perez, arXiv:2107.02002
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-—- fit

Bs—DsK JL=1ab"1
mm B-D.gi(=K) Ecm =45.6 GeV
0 cos(6p) < 0.95
mm B'-D.K
B-—~D. K
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——- fit
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http://arxiv.org/pdf/2107.02002.pdf

Thank yo
for the attention







MC Status

BYs — D+K* — (KKn=) K+

¢ angle ditference for the bachelor K

|dentification the B9 state Puc Tun ™ Prco wio viing -

*UE) — Entries 879

2 B M 0.0001191

Combine the D-scandidates " s Sidbev_Q00d7st
S B
with the bachelor K+ s0ol
P 300 —
BOs identificatian through the DK -
vertex reconstryuction P00
PID is 100% 100 —

(i.e. made via PDGid) - | | g | | |
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

A¢(Bachelor-K)
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MC Status
BOs— DK+ — (KKm) K+
¢ angle difference for the bachelor K
|dentification the B9 state P 1run ™ Preco i vang h
2 400— Entries 824
|_c|l>j — 1 Mean 7.205e-06
. . — ev : 1
Combine the Dscandidates 30 Std Dev_ 00007317
with the bachelor K+ ” 300~
2502—
BOs identitication through the DK \ VE
vertex reconstruction | E
100 —
PID is 100% £
(i.e. made via PDGid) Y
90.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

A¢(Bachelor-K)

"2 NB Not back propagated to B vertex
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Reco BOs — D K* — (@) K¥ — (KKn) K+

venis
ME »— KK vertexing

Reconstructed ¢ mass
%10° htemp
500 —— N Entries 975471
— Mean 1.022
— Std Dev 0.01272
400 —
300
200 —
100
S Reconstructed Dsmass
0 | | | | { | | | | | | | | | | | | | | ‘ | | | | | | | | | ‘ | | | | | | 103 htem
1 ' 105 1.1 1.15 1.2 1.25 1.3 1.35 160 °= , P
phi_mass - _ Entries 518594
— Mean 2.042
140 —— Std Dev 0.7865
120 —
100 —
80 —
60 —
40—
20—
Oﬂf][ﬁ SN E———
1 1.5 2 2.5 3 3.5 4 4.5 5

Ds_mass



