StUdy Of BS e DS K at FCC_ee R. Aleksan
and constraints on detector 20/1/2021

bexy = A5 — Ps ::Vi"l' Vds — 2,85\

Motivations L|: L, small
Ut tiny

e Study of CP violation :

* Sensitivity on UT, angle y ( ... and mixing parameter ATm)

e Study of CP detector resolutions :
* Tracking
* Calorimetry
* Pid



R.A., |. Dunietz, B. Kayser Z. Phys. C54, 653 (1992)

Time dependent B, decay https://doi.org/10.1007/BF01559494
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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
Din~ DI — om KK ntn™ ~ 6.9 10°
Din™ DI — ¢p KK 7t n n" ~12.9 10°
DYK~ DI — om KK 7TK~ ~ 5.2 10°
_ DIK" D — ¢p KK 7ntK 7" ~ 0.8 10°
D% D’ — Kn K 7 KK~ ~ 6.1 10"
D% D’ = Kp K 7ntTKTK =" ~ 1.7 10°
CP eigenstates
J /o T/ — ptp~ pTp KK ~ 3.2 10°
b d— KTK™ KTK " KTK™ ~ 4.8 10°




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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Kaons from ¢

Pid up to ~35 GeV!
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Pp1,2,3.4 (GeV)
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Charged final state only

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 (cf E.Perez)
Background mainly combinatorics (very small)

. . 2020-06-28 . _ . 2020-06-28
5997375 Mixing : B.~D. nm* + CP conj. 1457 6001644 Mixing : B;~»D. n* + CP conj. 14:57
t — ft 250000 4 — fit
F —
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taginput = (1 — 2w) = 0.500 4 data error | taginput = (1 — 2w) = 0.500 4 data error
+ 200000
200000 AT = 2.66e+01 + 6.62-04 1 AT =2 66e+01 + 7.0e-04
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8(Ampg)sar = (5 X 107%) 1024as™1 [PDG: (2.1 X 1072) 101%as71]

Result1:
|5! ®)star = 1.4 X 10_4| I:> Wrong tagging measured very precisely




number of events

Measurement of CP violation with B; - D K

Result 2 :
entries -22168.0 2020-05-22
Signal :2982.0 B:—=D:K—=-¢pnK—-KKnk 15:46
—-=- fit * Tracking resolution crucial to reduce

D<K [L=1ab" background
g00 { ™= D:n{=K) E.n =45.6 GeV * Combinatoric background to be added
Ds* i =K) cos(Bp) < 0.95 (but expected to be relatively small)

B D.0(=K) |Om-ft= 5.367e+00+ 8.9e-05
J  data error |OW=fES 5.320e-03+ 6.9e-05

* A modest Pld (ToF + dE/dx) enough (see
presentation later this afternoon)
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= data error
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Measurement of CP violation with B; - D K

CP violation : B, » D K+

det = 150ab~?!

2020-06-28 13:34 111019
107923

tag* (sin{g = Addinpur =-9.40e-01 , -5.0C )
p=0.707

tag=(1 - 2w)=0.500

(sin(g + A))sr=-9.42e-01 £ 5.92-03
(sin(¢ — A))s=-5.08e-01 + 6.32-03
prie=7.01e-01 + 4.64e-03

CP violation : B, » D K+

PDG:y = (71.1129)°

2020-06-28 13:34
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fag =(1— 2w) = 0.500
(sin(g — A =-4.94e-01 + 7.1e-03 H  data error
(sin(g + A))sr=-9.34e-01 £+ 5.92-03
brir = 7.08e-01 = 4. 60e-03

. \"'\'\f\;t¢a4\

— fit
B: DS K-
— fit

B.-»D K~

+ data error

5(p) =~ 3.2 x 107 3(stat.)
S(sin“¢pcpy) = 6(sin®y) = 5 x 107 3(stat.) = &(y) ~ 0.4° (stat.)

Potential statistical gain of factor 4-5 with DSi - K*9K*, ¢p%, ... but background needs to be studied (see later)+
Additionnal potential gain (another factor ~2 ) with B. = DK+ DIK*t DITK*t most modes including v(s)

T
1.0

T T
1.5 2.0 2.5 3.0

¥ {in unit of lifetime &/T)



number of events

Measurement of CP violation with B; — J/Y¢ > u"u " KK~

To take advantage of the full sensitivity , measurement of 3, needed

With B; = J/Y®  dcxn = 265 = 2°

. Fi— bt — 2020-05-26
tries 300050 €7 e~ =Z-=B.=//pd— k*k 16.07 B ~ ~ 2020.05.26
i spe=u T H entries 341120 €7 e~ =Z-B.~flyp-utu-ktk 16-16
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90000

Measurement of CP violation with B, - J/Y¢p » u*"u Kt K~ \ CKM: B, = 1°

2747894
2752104

CP violation : Bs = J/y ¢ 2020-06-28 13:41

|PDG: B = (0.60 + 0.89)°

However for B, = J /Y

80000 +
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50000

40000

number of events

30000

20000
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tag * (sing) inpur = 1.85e-02 lifetime
tag * (sing)s: = 1.85e-02 + 5.8e-04 fit
Bs = Jly o
tag =(1— 2w) = 0.500 £t
Bs—=Jiy ¢

7+ data error
+ data error

det =150 ab~?

PDG
f, =T,/T |0.52740.008 | Cp=+
fi =T,/T | 022840007 | cp=+
fJ_ =TI, /T 0.245 + 0.004 CP =-

T
0.0

Result 4 :

T T T T T T
0.5 1.0 1.5 2.0 2.5 3.0
* {in unit of lifetime t/1)

InHQS, I} =T, DA™* = A

Angular analysis required (tbd) : I, /T # 1
Otherwise additional sin® term amplitude
reduction by factor ~(1 — 2f))

Reduced sensitivity by factor ~2 (can be
partly compensated using J /@ > e™ e7)

S(singcxy) = 6(sin2f;) =~ 1.2 x 1073 = §(Bs) ~ 3.5° X 10~ 2(stat.)




NO Pld Inclusion of neutrals for B, — D K reconstruction

DF — ¢p?
DI — ¢pnt

1.9

Q

e.g. could potentially increase statistics (x 3) by adding DSi - ¢pp*

More generally many physics topics (such as flavor physics) would benefit by using neutrals
=  Significant advantage compared to LHCb =  constraint on calorimeter and Pld

entrics :64149.0 B.—>D K¢ pK—KKTmK 2020-06-06 With very good calorimeter resolution (Xtal type)
2500 + N F) ~ + Vet ~
o hDK 1 o(DI(pnE)KT) ~ 5.6MeV - o(DF(pp*)K) ~ 20MeV
L=1ab™
"o ok Ef:r" =45.6 GeV = Background DX (¢p¥)n™ huge
2000 - DsK cos(6,) < 0.95 s \Pp

B D.n(=K) Tm—ft = 5.366e+00+ 5.1e-04
£ BY-DK  Ow-m=2.037e-02+ 4.3e-04 | Result 6 : |'=I> Excellent Pld mandatory
% 1500 - BD—*DSH{ =K) Sg o 2ae0 Bs~D:K—poK—KKnmK 202008 2%
. H+ data error lI 1600 ™™ ::gfiDsK IL:?:;\;
5 PID off p e cos6) < 055
0 & . Hm D.n(=K Tm—fit = 5.366e+00+ 7.8e-04]
£ 10001 o7 = 0 @ gznmy ] Much worse with 512900 ooy mucses 26030028 credh

X D _
= cp= 2.0e-05,c= 12e-03 F LAr type Cal. E 1000 - dBa;D;:rr(;K)
6E _— fo 5 8004  PID off
= __@ C n i) ¢ €1
soo{ E T ! , o(DF(ppT)KT) =~ 36.MeVz o] # - = owiim
EI:I — EDE-DE . E]- — 509_03 i = cp= 2.0e-05,c = 1.2e-03
4001 O = L%@cl
N RS~ .. e |
5.20 5.25 5.30 5.35 5.40 5.45 0- S e S L L

m.BSfEE mMBsres



Somewhat
conservative

K/ separation (std)

PID

10

Inclusion of « standard and modest » PID (dE/dx and ToF)

Resolution o (Z—E) = 5%

X

Resolution 6(ToF) = 20ps (= 6mm)

ToF Detector location : 2m from IP

dE/dx in Argon: mas K

— TIK ToF Ng
—_— K dE[dx ng in Ar
—_— K comb. Ng

flight distance = 2.0m
ToF resolution = 2.0e-11 ps

6 ~ dE/dx resolution = 5.0e-02
> 30 up to 10 GeV
4 —
2 —
> 2.2 up to ~35 GeV
0 . —— —
100 101 102

Momentum (Gev)

PID proba

entries -86517.0 €t e~ =»Z-B.—»Dsn—»k*k—n*nn—

Probability of
misidentification as K
with g(K)=50%

2020-05-25
15:50

PID track 4
1072 -
10—3 i
10—4 i
10—5 E _—
T T T T T T T T T
0 5 10 15 20 25 30 35 40

Momentum (GeV)



number of events

Effect of dE/dx and ToF

tries -4351.78645500004 2020-06-06
Signal -2793 5 ﬁg—lﬂgh’—w pK—=KKnm®K 16:59
200
—-== fit DK
0
e DK
150 1 W Dsn(=K)
BY-D K Xtal-like Cal.
125 4 BYD._1( =K) OE 0.05690005
=) I = _ — .
s E VB
100 - H= data error
PID on
opr C1
75 Et!_ = C pr_ﬂnigj
cp= 2.0e-05,c = 1.3¥-03
50 S [
E = D g¢
T !
95 - cp= 5.0e-02,  =¢
D P . *X P v F s S P e B i ——

T
5.30
mﬂsm_g

5.35

« Irreducible bkg » , only mass resolution can beat it

Result 7 : Excellent calorimetry (Xtal like) is also mandatory

number of events

Other backgrounds have to be added

dE/dx + simple ToF probably not

enough unless

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

e oraddition of a dedicated PId
system

entries :4176.13620400006

2020-06-06
Signal :2717.5 18:57

LAr-like Cal.

OF _ 010 1 005
7 o0

—DK—=ppK—-KKmnK

-—- fitDK
fit BY=D.K
DK

Dsn( =K)
BYsD.K
e BY-Doi( =K)
H= data error
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.
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E
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60 H

20 1

0_

T T T
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T
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K/ separation (std)

Inclusion of « improved » dE/dx and ToF

Resolution o (Z—E) = 4.9,

X

Resolution o(ToF) = 10ps (= 3mm)

Detector location : 2m from IP

dE/dx in Argon: mas K

10
— TIK ToF Ng
—_— K dE[dx ng in Ar
g | —_— K comb. Ng
flight distance = 2.0m
ToF resolution = 1.0e-11 ps
6 - dE/dx resolution = 4.0e-02
4 —
2 —

10° 101

Momentum (Gev)

number of events

total entries -4127 2020-10-26
Signal -2799 B.—D K—-¢pK—-KKn°K 12:29
200 A
-== fit DK
* T
175 { === fit B'=D.K [L=1ab"
DsK Eem =45.6 GeV
150 - .
mm D =K) cos(6p) < 0.95 Xtal-like Cal.
BD—*DEK Im-ft = 5.366e4+00% 6E 0.05
125 1 Ow-fit = 2.028e-02+ — =——0.005
B—Dgn1( =K) E JVE
100 4 H+ dataerror
\
PID on
apr €1
75 1 E!:]— = Cp @'p—'—mm
50 ~
25
04 Skl e = ‘_:.';‘___r:rm
T T T T T T
5.20 5.25 5.30 5.35 5.40 5.45

mMBSres



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,)
* Excellent for search of BSM physics, in particular with B; = ¢¢
* Determining constraints on detector

with only 1
+ 5(]/) < 0.4° (Stat.), 5(ﬁs) < 3.4° X 10_2(Stat.) achievable decay mode !!!

More that 1 order of magnitude improvement compared to present PDG errors

However this requires

: : : o 1.2x 1073
{}> Excellent tracking and vertexing resolution (pzT) <2.x107° @ :
D7 prsin®

_2 Allows to use
+ Excellent calorimetry resolution, ideally ~ 2(&) _5x1077 . 02 | many other
E VE decay mode !!!

+ AND Excellent Pld resolution i> 3 0 K /m separation up to 25 GeV (covers also K tagging ),
deally up to 35 GeV

A full simulation would be useful to refine further analysis, in particular for vertexing



Impact on « flat » UT, Courtesy S. Monteil

Foreseen situation with FCCee

(Note the different scale)
0-1U||||||||||||||||||| b ottt

|
exciuded area has CL = 0,85 — ﬂmd& ﬂ.ms : excluded area has CL> 085 | _|

R v i 0.04 _

Present situation

5 Amy&am, B 0.02

® @ 0.00
tn L
= 0.00 =
L = S . . —0.02 .
-0.05 | B, — - ; B, :
- T sin2p - -
- % £k - -0.04 — | fitter ! —]
| Summer 19 ; | | FCC-ee/DsK T+2ﬂ5 i o
_n--lu 1 1 1 1 I 1 1 1 1 I 1 l 1 1 | 1 l 1 1 1 | | ] ] | ] ] | | ] ] ] | 1 1 1 | ]
-0.10 -0.05 0.00 0.05 0.10 —0.04 -0.02 0.00 0.02 0.04
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In SM, only few other possible diagrams with same CKM element as tree diagram

= well defined CKM angle measured
= no direct CP violation expected

Figure 5: Exchange (sub-dominant) diagrams for B, — D K~

> ¢ h — 4 u
+ P
S D; s Is
B, — B. 4%
s S
< u I S s, e C D.;L



|B=3.8T|

Simulated detector configuration

Silicon vertex and tracking detector

layer r(cm) o (um) x0
1 1.60e+00 3.00e+00 1.50e-03
2 1.80e+00 6.00e+00 1.50e-03
3 3.70e+00 4.00e+00 1.50e-03
4 3.90e+00 4.00e+00 1.50e-03
5 5.80e+00 4.00e+00 1.50e-03
6 6.00e+00 4.00e+00 1.50e-03
7 1.53e+01 7.00e+00 6.50e-03
8 3.00e+01 7.00e+00 6.50e-03
Silicon outter detector
layer r(cm) o (um) x0
1 1.81e+02 7.00e+00 1.00e-02
TPC detector
layer r(cm) o (um) x0
1 4.00e+01 1.00e+02 5.95e-05
4.07e+01 1.00e+02 5.95e-05
200 1.80e+02 1.00e+02 5.95e-05

2020-10-01 14:56




dpr/pf (GeV!)

Detector resolutions

ILD type detector (6 vertex Si layers + 2 Inner Si layers + TPC + 1 outer Si layer)

1073

1074 1

® §&6=300°
A B=450"
« G=1900°
—&— goal 90°
goal 45°

opr _ c1
oE co @p!mniﬁj
cp= 1.9e-05

1= 13e-03

101 102
pr (GeV)

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)




number of events

< B flight distance > = 3000 um

entries -85853.0 2020-03-26
ave 29904um et e~ —=Z-B.—D.n-K*K-n*tmn- 16:59
104 3 -—- fit
] o drignt
= data error
10° 4
107 3
10! 4
109 5
s

1071 4

0

5000

10000

15000 20000
dright(m]

25000 30000 35000

number of events

B Flight distance error due to error
on B momentum measurement

2020-04-15

entries 387130 ete =Z-B.—~D.n—=K*Kn*tn- 10-32

3000 A

2500 A

2000

1500 +

1000 ~

500 A

-—- fit
| dnes.l'rdﬂighr
H= data error

-100 -75 -50 -25 00 25 50 75 100
dres — dight(Lm]



number of events

2020-05-29
entries 995970 et e~ —=Z-B;—»Dsn—=k*k n*nn- 10-23
. p
8000 - Pé
7000 -
6000 entries :99537.0 et e~ —»Z-B.»Dsn—ktk - ntn'n— 20200833
SDDU N 7000 b
» 6000 B
4000 % 5000 |
; 4000 =
3000 4 E 3000 "
2000 . _
2000 - - i
00 05 10 15 20 25 30 35 40
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0 T - — T — | T
é 8 10 12 14

Eps.6 (GeV)

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.




number of events

Assuming HGCal like calorimeter with

532420
5029.0

entries
Signal

B.~»D.K-¢ppK-KKnn’K

Inclusion of neutrals for B, — D K reconstruction

2020-10-16
11:14

fit DK

fit BY=D.K
DK

Dsni( =K)
BY-=D.K
o BY-sDon(=kK)
= data error

PID off
op: _
7 = € ®5zny

cp= 2.0e-05,c = 1.2e-03

2500 ~

|
2000 1 mmm

1500 -

1000 -

6E = S @
= =B
T VE

cp= 15e-01.,.c=

500 A

5.30
mBSre_g

5.35

Xtal type to HGCal Type : G(Dsi(cbpi)Kﬂ

number of events

5E 0.15 @ 0.005
tries -:3915.85004600002 2020-10-16
EEr}grrl'g? -25145 ﬁg—iﬂ K—=ppoK—KKnmK 11:09
200
-== fit DK
175 1 ==~ fit B'=D.K
e DK
150 1 mmm Dsn(=K)
BY-=D.K
125
o BY-sDon(=kK)
data error
100 T
PID on
4 fpr _
75 e Co @Pﬂilﬂ
cp= 2.0e-05,. 0
50 ~
25
D_

T
5.30
mBSre_g

5.25

~ 20MeV —» 51MeV

T
5.35



number of events

Study of CP violation with B, — ¢y

entries :10125.0 ete sZ-oB.—»py2kTk~y

2020-06-12
14:02

Sameas Bs > ¢ Pcxy = 0°  Br(B; > ¢y) =34 x107° -
= Very good for probing BSM =~ 1.7 X 10° events with 150 ab™1 *°] F+ data error
2 main issues requiring dedicated study g ]
* Study of background as mass resolution is poor %
« o(mgs) = 39 MeV with Xtal like calo. = 2001
* o(mg,) = 70 MeV with Lar like calo. £
* Study of vertex resolution as ¢ is strongly boosted (o > 400um!) 100
entries -11616.0 ete " sZ-B.—py=k k- y ‘mm?i}‘ué
350 - = 0-
| Pz PID needed tO reject 5.3I15 5.I20 5.I25 5..:30 5..435 5.;10 5.;15 5.I5(1 5.I55
300 P 0 0
B - K y Where T entries :9635.0 ete =»Z-B.—py=k* kv 20200 e
250 - * Kaons from ¢ from K*®isusedasK | -—- it
T mm BYmass
/ 7+ data error
200 - | oo
| Y 2
150 + / % 150
100 - -g 100 4
50 4 50 -
D_

10

15 20
Pp,,: (GeV)

25

35

5.55



(Digression) Study of CP violation with B, > ¢p¢p > KT K" K*K~

dckm = 0.5° (u, ¢, t quarks

) .
bOcxm = 0° (t quark only) ‘ = Very good for probing BSM

With B, = ¢

2020-05-28

number of events

entries 400000 €T e T »Z-3B;a¢p-sk Tk ktk™ 10:17 entries 348450 €T e 7B opp-k Tk ktk~ 2020-06-22
1200
= p1 R
01 ab™? 1750 4 - fit
v P2 JL=1.25e+01 ab MBSres
| p3 Ecm =91.2 GeV = dataerror
1000 pa 15001 | cos(@s) < 0.95
= 410000 . .
means: = 5.367e+00+ 4.864 ‘I[ 410000 CP violation : Bs - ¢ ¢ 2020-05-28 11:50
400 ] g 12501 |om = 4.570e-03+ 3.815e-05 i
g { ]i tag * (ing) npur = 0.00e+00 - lifetime
] _ 4 — fit
= 1000 i d 12000 tag * (sing)s = -1.25e-03 + 1.7e-03
600 | ° f & * Bi—g¢
a tag =(1— 2w)=0.500
750 ! fit
Kaons from ¢ | € i | 10000 - ™
400 - 2 f'ﬁ © Bi—og
2007 om — 4‘ 6 IW V 2 F data error
Bs : 0 8000 - H~ data error
E =
500 4 250 - -
[=]
"I 2 6000
07 E
0 - T T T T T T T T T T =
0 5 10 15 20 25 30 35 a0 5.34 5.35 5.36 5.37 5.38 5.39 =
Pp1,2,3.4 (GeV) mBsres 4000 7
Angul lysi ired

PDG (tbd) 0

T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0

X (in unit of lifetime &/1)

f, =T, /T 0.378 + 0.013 | CP=+ Otherwise reduced sensitivity

1
b f t =~ 2.4‘ 1 ~ _3
fi =T,/ | 0330+0.016 | cp=+ vyt 6(singcgm) ~ 3.4 X 10

f, =T, /T | 0292+0.009 | CP- Result5 | = & (egm) = 0.2° (stat.)
1L — 1 ] —




Candidates / ( 5 MeV/c?)
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