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Motivations

e Study of CP violation:
* Sensitivity on UT., angle y ( ... and mixing parameter ATm)

e Study of CP detector resolutions :
* Tracking
e Calorimetry
 PId
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w = wrong tagging
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2-fold ambiguity



Expected number of events

Eem = 91.2 GeV and [ L = 150ab™"
4+
o(e enh%» Z) m{tjr;ﬂ%er f(Z — By) ij;glsllzzrd% (To be x 2 for B)
~42.9 ~ 6.4 10" 0.0159 ~ 110"
B, decay Decay Final I’Eﬂ]ber of
Mode Mode State Bs decays
nonCP eigenstates
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_ DIK" DI — ¢p KTK 7ntK—#" ~ 0.8 10°
D% D’ — Kn K 7 KK~ ~ 6.1 10"
D% D’ = Kp K 7ntTKTK =" ~ 1.7 10°
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J /o T/ — ptp~ pTp KK ~ 3.2 10°
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number of events

Acceptance :

Track pr resolution :
Track .8

resolution :
Vertex resolution :
Vertex resolution :

Calorimeter resolution :

entries :54918.0

ete =»7-B DK K ntn-

Detector response is parametrized
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cy= 1.2e-03
T T T T T T T T T
5.33 5.34 5.35 5.36 5.37 5.38 5.39 5.40 5.41

!
(2]
. ops

Kaons from ¢ - ps

Pid up to ~35 GeV!

5 10 15 20 25 30 35 a0
Pp1,2,3,4 (GeV)

unit value
acceptance % 86
o(mp,) MeV ~ 2.1
o(mp,) MeV ~ 5.6

To be compared to
O'(mBs)LHCb ~ 17 MeV



numoer or events

B, Mixing Measurement with B; - D,

Mean B flight distance = 3000 um
Flight distance resolution < 20 um (negligible) = full simulation and vertex fit would be useful

Background mainly combinatorics (very small)

. . 2020-06-28
5997375 Mixing : B.~D. nm* + CP conj. 14:57
t — fit
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taginput = (1 — 2) = 0.500 4 data error
+
200000 - AmT g =2 66e+01 % 6.68-04
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Measurement of CP violation with B; - D K

800
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tries -22168.0 2020-05-22
Esrigrrlw.i? -2982.0 B:—=D:K—=-¢pnK—-KKnk 15-46
-—- fit
DK
g JL=1ab™!
. Dsn(=K) Ecm =45.6 GeV
Ds*n( =K) cos(8p) < 0.95
El D.pl =K) Om-fit = 5.367e+00x 8.9e-05
|-I-| data error Ow—ft = 5.320e-03% 6.9e-05

NO PID
opr C1
g co ‘@ptmniﬁj
cp= 2.0e-05
1= 1.2e-03
o,
40
1 E
E I Mt/

5.33 5.34 5.35 5.36 5.37

MBSres

Tracking resolution crucial to reduce
background

Combinatoric background to be added
(expected to be relatively small)

A modest Pld (ToF + dE/dx) enough (see
later)
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Measurement of CP violation with B; - D K

[ Lat = 150 ap~

112037 : :
108978 CP violation : B, » D K+ 2020-06-28 13:34

5000 ~ — fit
tag* (sin{g = Addinpur =-9.40e-01 , -5.0C B,»D- K*
p=0.707
tag = (1 — 2w) = 0.500 — fit

4000 1 (sin{p + A))pr=-942e-01 + 596-03  + B, =D} K~
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¥ {in unit of lifetime &/T)

5(p) = 3.2 x 107 3(stat.)

S(sin“poxy) = 6(sin’y) = 5 x 1073 (stat.)

number of events

PDG:y = (71.112%)°
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111019 . .
107923 CP violation : B, » D K+ 2020-06-28 13:34
— fit
. B:—=DJ K~
tag * (sin(g £ A))inpyt = -9.40e-01 , -! s 7 s
0=0.707 — fit
tag=(1- 2w)=0.500 « B;—=DS K7

(sin(¢ — A =-4.94e-01 + 7 1e-03 = data error
(sin(¢ + Ay =-9.34e-01 + 5. 9e-03 + data error
brir = 7.08e-01 = 4. 60e-03

. ""\"f‘;\¢%4\

0.0

0.5

IR

T T T
1.0 1.5 2.0 2.5 3.0
¥ {in unit of lifetime &/T)

d(y) = 0.4° (stat.)

Potential to increase statistics by factor 4-5 with DSi - K*OK* qbpi, ... but background needs to be studied
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Measurement of CP violation with B, — J/Y¢p > u"u " KK~

To take advantage of the full sensitivity , B, needed

With B; = J/Y®  dcxn = 265 = 2°
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Measurement of CP violation with B; — J /¢ - u"u " K*K~ CKM: B, = 1°

|PDG: B; = (0.60 + 0.89)°

Should I;/T' =1 However for B; — | /¢
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Study of CP violation with B, > ¢p¢p > K"K " K*K~

bcxm = 0°

bckm = 0° (t quark only) = Very good for probing BSM

With B; = ¢¢
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NO Pid

e.g. could potentially increase statistics (x 3) by adding D_;—’ - ¢ppt

Inclusion of neutrals for B; — D K reconstruction

DF — ¢p?

DI — ¢pnt

1.9

Q

More generally many physics topics (such as flavor physics) would benefit by using neutrals

= Big advantage compared to LHCb

tries -:64149.0 2020-06-06
Esl-;gréeasl ‘5500 0 B.—~D.K—ppK—KKnnK 18-49
2500 -
-—- fit DK
— -1
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=  constraint on calorimeter and Pld

With very good calorimeter resolution (Xtal type)
o(DF (pnt)K*) =~ 5.6MeV - a(DF (pp*)KT) = 20MeV

= Background DX (¢pt)n™ huge

= Pld mandatory
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. oo | ™™ DU=K) g = 5.366e-+00 7.8e-04]
Much worse with 8 Bpk  Oum= 36036025 6764
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K/ separation (std)

Inclusion of dE/dx and ToF
Resolution o (Z—E) = 5%

X

. 7 Rejection factor with €(K)=50%
Resolution o(ToF) = 20ps

Detector location : 2m from IP

. 2020-05-25
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ToF resolution = 2.0e-11 ps 10-3 4
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S
o
i)
4 [<n
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2 —
10—5 _ —
0 T T L T T T T T T T T T T T T T
lﬂl} lﬂl 102 0 5 10 15 20 25 30 35 40

Momentum (Gev) Momentum (GeV)
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Effect of dE/dx and ToF

Other backgrounds have to be added
dE/dx + simple ToF probably not
enough unless

tries -4351.78645500004 2020-06-06
Signal 27995 ﬁs—iDEK—iﬁ pK—=KKnm®K 16:59
200 4
-==- fit DK °
. 0
e DK
150 | Ml D:r( =K)
BY-pD K
125 -
wn BU-D.n(=K) 120 1
100 4 T data error 1o -
PID on "
75 A % 80 1
G
50 - 5
0
25 1
20 4
D P . < P o B S ———_

beyond state-of-the-art is achieved
for dE/dx and ToF

or addition of a dedicated PlId
system

entries :4176.13620400006

Signal -2717.5 —DK—=ppK—-KKmnK

2020-06-06
18:57

-—- fitDK

-=- fit BY'sD.K

DK

Bl D.n{=K)
BYsD.K

o BY-Don( =K)
H= data error

T T T T T
5.20 5.25 5.30 5.35 5.40 5.45
mBSr.ES



Conclusions

B, - D,K (aswellas B;— J/Y¢ , B;— pg ) are excellent showcases for
* Studying sensitivity on CP violation (measurement of CKM angle vy, 3,)
e Search of BSM physics, in particular with B; = ¢¢
* Determining constraints on detector

{}> 5(y) S 0.4° (stat.) 6(B;) S 3.4° x 10~ ?%(stat.) achievable
More that 1 order of magnitude improvement compared to present PDG errors

However this requires

: : : a 1.2 x 1073
{}> Excellent tracking and vertexing resolution, (pzT) <2.x10756 :
pT prsSin®
. . . -2
{}> Excellent calorimetry resolution, ideally ~ 2&) 51077 . s
E VE
{}> AND Excellent Pld resolution < 3 0 K/m separation up to 25 GeV,

Ideally up to 35 GeV

A full simulation would be useful to refine further analysis, in particular for vertexing
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dpr/pf (GeV!)

Detector resolutions

ILD type detector (6 vertex Si layers + 2 Inner Si layers + TPC + 1 outer Si layer)
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101 102
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O(@) (urad)

102 -

® &=300°
A 6=450°
« ©=1900°

6(¢) = cp ® =

pi/sin(8)
cp= 1.7e+01
1= 15e+03
r . . . —————
101 102

pr (GeV)
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-—- fit
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35000

number of events

entries 38713.0 ete —=Z-B.~D.n—»KtK " ntn-
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10:32

3000 ~

2500 1

2000 4

1500 4
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2020-05-29
entries 995970 et e~ —=Z-B;—»Dsn—=k*k n*nn- 10-23
. p
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Energy spectrum of y from Dy — ¢p~ = (K*K™) (" n?),

2020-06-08
entries 55940 ete~—»Z-B—D:k—ktk - ntnlk- 17-39

- fit

mm n’mass
J+  data error

X-tal like cal. |

Oft = 5.62e-03+ 1.76e-04 Gev|

T T T T T T T T
0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
mp?

entries 56130 €T e~ =7Z=B.-D.k=k k" nTn'k~ T 1743

-——- it

e nmass
7= data error

LAr like cal.




Study of CP violation with B, — ¢y

Sameas B; > ¢  Prgy = 0°
= Very good for probing BSM

Br(B; - ¢y) = 3.4 x 107>
=~ 1.7 X 10° events with 150 ab™1 *°]

2 main issues requiring dedicated study
e Study of background as mass resolution is poor
* o(mg,) = 39 MeV with Xtal like calo.
* o(mg,) = 70 MeV with Lar like calo.

* Study of vertex resolution as ¢ is strongly boosted (o > 400um!)

Pl
entries :11616.0 ete " sZ-B.—py=k k- y 12.06
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-—- fit
pum BYmass
J+ data error
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Candidates / ( 5 MeV/c?)
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