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Experimental and theoretical branching ratios (in units of 10~°)

Status of B?S) a4

Channel DATA SCET [1] QCDF pQCD
BY — 7070 | 1.59 & 0.26 [2] | 0.84 & 0.29 & 0.30 + 0.19 0.3070 50 0.2479 07
BY 00 | <2103 : 0.13*3%2 [10] oo e o]
’ 0_1?; o 0.2875070.05-0.00 [4]
0.69 + 0.38 & 0.13 £ 0.58 0.32F 05200k [7]
B — nn < 116] Lod5-0-00 0.067 [9]
10404 +£03+1.4  0.16700310451009+0-19 [8]
71464+ 0.2+08
s 1M < 1500 [3] 64+ 63+01+07 0.9745 42 [10] 0.4737 [5]

> Only B® - %70 has been observed experimentally
> B% - 7070
» Puzzle: discrepancy between experimental and theoretical BR
» Necessary channel to determine CKM angle alpha
» Charmless two-body hadronic B-meson decay
» experimentally clean
» hadron physics, even new physics




» Tera-Z factory

Advantage of CEPC

» Massive b-hadrons
~1011 BY & ~101Y BY
» Larger boost of b-hadrons than Belle II — more precise vertex reconstruction

» Lepton collider

» Cleaner collision environment and much lower background level
» Benefit neutral final states reconstruction

b-hadrons Belle 11 LHCb (300 fb~1) | Tera-Z
B BY | 5.4x10' (50 ab™! on Y(485)) 3 x 1013 1.2 x 101!
B* 5.7 x 1019 (50 ab™! on T(45)) 3 x 1013 1.2 x 101!
BY, BY 6.0 x 10® (5 ab—! on Y (59)) 1 x 1013 3.1 x 1010
B - 1 x 10! 1.8 x 10%
A, AY - 2 x 1013 2.5 x 1010




Key detector performance

» Fast simulation strategy
> b-jet tagging
» CEPC baseline: € ~ 80%, p ~ 90%
» ECAL performance
> Only focus on di-photon decay of w° and 7
» B mass resolution: g, ,,~ 30MeV — 20 separation between BY and B?

» EM resolution: 3% /VE @ 0.3%
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Reconstruction performance of ¥ and 7

> Inclusive ¥ and nin Z - qg (91.2 GeV)
> N o > N d
» prioritize no reconstruction, use - 1
remaining y to reconstruct 7 g |
w 10k
ks
» Optimal € X p vs Epo i

#° (average number = 9.83)

N,o~9.83

—Z -qq
Z - dd
Z - uu
Z —>ss

—Z —>cC

—Z - bb

» >90% for E_o > 10 GeV
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Event selection of B?S) b [

Selection chain BY 5 7079 54y BY - 7%0 5 4y witdd+ss cc bb VS + B/S
4.29%x101  1.20x10""  1.51x10'!
Yield at Tera-Z 191113 8948
1eid ab tera (61.21%)  (17.19%)  (21.60%)
3.64x10°  9.94x10° 1.21x10'!
b-taggi 152890 7159
ageIng (2.70%)  (7.38%)  (89.92%)
70 — v 148213 6953 3.61x10° 9.91x10° 1.21x10'!
Lower E,o > 6 GeV 92407 4391 8.44x10%  1.60x10° 1.31x10'0
Higher E 0 > 14 GeV 87355 4142 3.08x108  3.15x10%  1.91x10°
E o050 > 22 GeV 87073 4127 2.90x10%  2.82x10%®  1.66x10°
0000 < 23° 77970 3636 1.19x10%8  1.02x10%  6.04x108
0.40%
5.212, 5.347) GeV 75859 933 5472 1622 8673
M 0.0 € ( ) ) Ge 85 +0.01%
4.0%
Myogo € (5.336, 5.397) GeV 2831 2545 2424 473 2248
+ 0.6%

> After b-tagging & m° reconstruction

> 4 cuts on energy and angular distributions of ¥ pairs

» Signal efficiency ~ 40%

» Background suppression ~ 3 orders of magnitude

» Optimize mass window — minimize accuracy VS + B/S

> ~7.5%x10%* B® - %Y, accuracy ~ 0.4%
> ~2.5%x103 B? - n%%°, accuracy ~ 4.0%
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Events / 10.0 MeV

Background components of B?S) - T

CEPC baseline b-tagging
g 3.00% & 0.30% 10°5
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> Step structure mainly from BT —» X —» n¥n°n?

> m2o.0 > 20 GeV?
> ~93% BT - p(770)tn?, p(770)t - ntn”
> ~7% B* - gm0
» Kinematic constraint — cut-off on m_o0 ~ 5.2 GeV
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Event selection of B?S) - NN

Selection chain B 5nn =4y B?—nn— 4y uutddiss cc bb vVS+ B/S
Yield at Tera-Z 1912 47437 4.29x1011  1.20x10 1.51x10%!
b-tagging 1529 37950 3.64x10°  9.94x10° 1.21x10'!
n — vy 1000 25820 2.13x10%  5.60x10%®  9.41x10°
E,, > 20 GeV 934 24158 1.39x107  1.09x107  9.46x107
L 814 21135 6.76x105  5.68x10° 5.17x107
17

My, € (5.233, 5.326) GeV 693 2103 2328 676 8030 " 2(7;

0

My, € (5.310, 5.423) GeV 155 19208 2184 1014 7388 09040

m DR + 0.05%

» After b-tagging & 1 reconstruction

» Cuts on energy and angular distributions of 1 pairs
» Signal efficiency ~ 45%

» Background suppression ~ 5 orders of magnitude

» Optimize mass window — minimize accuracy vS + B/S

> ~ 700 B® - nn, accuracy ~ 17%
> ~2x10% B - nn, accuracy ~ 0.9%

Events / 10 MeV

CEPC baseline b-tagging
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Other effects

» Photon conversion [ preme—e—_ ]
» Central region ~5-10%, Forward region ~25%, ~80% can be recovered _ ; 7 #»x*?*"*f
» Average conversion rate ~3% (each photon) ~ [l 4
. 0 2 L ‘ —— Imm X1lmm |
- 12% efficiency lost of By — %1, 1m o5l | s i |
» Photon separation (especially di-photon merging) . 20mm > 20mm -
» 2cm — 80% separation efficiency (CEPC baseline, 5GeV y) : |
» 2cm — 10 mrad angular separation (ECAL R, =2m) 1] l
> Only energetic m° suffers "% 40 60 80
- 10% efficiency lost of By — n°1° pistance [mm]
0.1 —_ B(os) — 00
. L. 0.08- o
Final realistic results 5 |
£ 0.06
Channels BY - 7Ox9 Bd - nr B° - mn BY - nn S 00
<0.04-
Signal yield 60000 2000 600 17500 i
0.02-
Accuracy 0.45% 4.5% 18% 0.95% :
0 PRI PR TR R RS TR IS T S

0 20 40 60 80 100
Minimum 6, [mrad]



Determination of CKM angle a

» CKM matrix: quark mixing, CP violation

» o determination via weak transition b — uud
> BY decay related triangle relation

» Commonly used decay modes
» B - pp,nm, pm
» Both tree and penguin diagrams
» Penguin contribution is non-negligible
» Using isospin conservation to deal with
penguin pollution

‘fllb‘ ud T VCZ)L + ‘ bI/td _

(p.n)

‘/l u/) td ‘/ﬂf
‘/L'(/ ‘/(’b Vo
. b U
(0,0) (1,0)
Figure 12.1: Sketch of the unitarity triangle. Ci
. %%
B=¢1 =arg ( - —VCdVCb>
ViaViy )
VidVy,
:¢2:arg(—7td tf:), u
Vudvub
7=¢3=a1‘g<— u)
VeaVy, 10



Determination of CKM angle a

Ref. https://inspirehep.net/literature/1598487

Isospin analysis of B > wm: B® » n*n~, n°n® Bt - ntr?
» 3 amplitudes can be parameterized by 12 real parameters (complex tree and penguin contributions)

» 6 parameters can be further eliminated by: o 1. 00
» 2 complex isospin relations (4 real constraints) > AT = —2A +4
> absence of penguin contribution to Bt - 7tr° (2 real constraints)

» Remain only 6 degrees of freedom! A0 — 1 At~ 4 A%

» From experimental side 2

» 6 observables are available to constrain the 6D parameter space
> BY: branching ratio

> C ” : direct CP asymmetry in decay 1 Bl — |AY |2 4 | AV |?
» §Y: B-B mixing induced CP asymmetry Tgi+ 2 ’
cii — |AV |2 — |AY |2
A2 + | A |2

gij _ 2Im(AT AT
|Aij|2 4+ |Aij|2’
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Current input parameters to determine a

Parameters | World average [30] Belle (0.8 ab™!) Belle II (50 ab™!) [18] LHCb

B9 (x10-9) 1.59 1.31 [31] 1.31 ]
+0.26 (16%) %+ 0.19 (14.5%) £ 0.19 % 0.03 (2.3%) =+ 0.03

B0 (x10-9) 5.5 5.86 [59] 5.86 ]
+ 0.4 (7.3%) 026 (4.4%) £ 0.38 =+ 0.03 (0.6%) = 0.09

B+ (x10-5) 5.12 5.04 [59] 5.04 )
+0.19 (3.7%) 4+ 021 (4.2%) + 0.18 = 0.03 (0.6%) = 0.08

oo -0.33 -0.14 [31] -0.14 ]

opP + 0.22 + 0.36 + 0.10 + 0.03 + 0.01

-0.34 & 0.06 £ 0.01 [61]
(7 & 8 TeV, 3.0 fb~1)

o= -0.314 -0.33 [60] -0.33 -0.311 =+ 0.045 + 0.015 [62]
or + 0.030 + 0.06 + 0.03 + 0.01 £ 0.03 (13 TeV, 1.9 fb~1)
+ 0.004 (stat. only) [19]
(Run 1-6, 300fb~1)
-0.63 % 0.05 =+ 0.01 [61]
(7 & 8 TeV, 3.0 fb~1)
. -0.670 -0.64 [60] -0.64 -0.706 £ 0.042 + 0.013 [62]
or + 0.030 + 0.08 + 0.03 + 0.01 = 0.01 (13 TeV, 1.9 fb~1)

+ 0.004 (stat. only) [19]
(Run 1-6, 300fb—1)

> No S23 in current data
» Lack of vertex information in B® - 7
> Lead to mirror solutions in «

OT[O - 4)/



Complementarity between Z- and B-factory

» Time-integrated CP measurements at Z- and B-factories are quite different but complementary!
» Z-factory (B from bb pairs, incoherently), t € [0,),a-p = C + xS.
» B-factory (Y — BB, coherently), t - At € (—o0,+),a.p = C.

> An alternative way to extract Sgs by combining Z- and B-factories

\gd/pd| ~ 1 |26]. The time-dependent decay rates become [42-44]:

FBU/BO—’fCP (t) o€ C_th

C = 1— I/\f(_'P|2
fep 1+ I’\f(,'P|2,

1 + Cf.p cos(Amat) F Sy, plsin(Amgt)| .
) ~odd -
s 2ImAg., A\ _ 4d .Af(_,,,

fer 1o |)‘fcp|2, Jer = p_d'Af(_,'P ’

This leads to the definition of the measured time-dependent C'P asymmetry:

FB—)f(_rp (t) - FB—)f(_,'P(t)

a’f(..'l’(t)

FB_—)fcp (t) + FB'_)f(_.'P (t)

and the time-integrated C'P asymmetry:

~ —Cf,, cos(Amgt) + S¢,, sin(Amgt) |

o—T1AY

even

fOOO FB—>f(.‘P (t) — I'B=jop (t)dt o 1

Afrp =| 7o ~
fer = TR g, ;o0 (8) + Do gop(B)dt 1+ (Ama/Tq)?

Amd

2k

( - Cf(_.'p + Sf(_,'PF_

linear combination
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Estimation of other two B— Tt modes

> BO = gt~ (MCTruth analysis) 108 gEPc baseline b-tagging
» E tarck > 1 GeV o iz;ti . o, =5 MeV
» E total > 20 GeV = : -
> 0 <30° 106;‘ 3-sBody Bkg

» |Vertex - IP| < 100 pum
» Track momentum resolution ~0.1%
> Bt - n*tr® (Just a guesswork)
» Anticipated performance in between 00 and +-
» Rough estimation using “efficiency & purity”

Events / 5 MeV
3,

OB 1 1 102;. »

Combinatorial Bkg

B~ VNag Yiedxexp R S
Branching ratio Yield Efficiency Purity
Ch ]
Hne B (x1079) at Tera-Z € D exp | os/B
BY — 7970 1.59 1.9 x 10° 32% 80%  25% | 0.45%
Bt — gtq0 5.50 6.6 x 10° 50% > 85% 43% | 0.19%
BY - ntn— 5.12 6.1 x 10° 55% >95% 52% | 0.18%

14



CP asymmetries of B— it

» Uncertainty estimation (only statistical)

1 .
7aEr = (1 = 2x4)v/Nog X o (time-integrated) Parameters | Tera-Z Projection
. ogoo / B 0.45%
Ogts =0cis; = /Nt % et (time-dependent) og+o /BT 0.19%
OpB+- /B+_ 018%
> b-charge tagging (B° or B?): O 00 + (0.014-0.018)
> effective tagging efficiency (power), €,¢¢ acp
> €orf = €rag(1 — 2w)? € [15,25]% 0o~ + (0.004-0.005)
> tagging efficiency, €44 O gt~ + (0.004-0.005)

» wrong tag fraction, w

> BY- BY mixing: y4 = 0.1858 + 0.0011

15
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p-value

CKM ¢global fit

by Sébastien & Olivier (CKMfitter group)
» Uncertainties rescaled to the Tera-Z projections
» The choice of central value

> a2l and S2P, current predictions of the CKM global fit
> Others, keep to the W.A.

WoVM ... Bnrdata (WA) No(VM ... Bnn data (WA)
Tera-Z prosp. . . Tera-Z prosp. . a
* 3@ incl. a4 from CKM fit 3 incl. a4 from CKM fit
1-0 i L] T T | I Ill\l L] L] I T II.‘I Ll ]’ \I T T 1 l“I L T T 1-0 l,ll\ L] l LI | l L ] | 5 ) ] Lig l T I T 17 I l‘: T I ¥ t5:l I L} L l T Ii‘l |
B ', \\ ,I “ /I . '|‘ i - 'l ‘\ Py ;. % ,' '
- \ ’ \ 1, R - \ ’ \ ’ \ LI
— ¢ K kol N 'y - 08 H .’ X ; L2 ;Y
— ' \\ /’ ‘\ Il > o 5 i "v‘ \\ .4 \\ ’I Y . &
[ / AN a B N PO
- \ - - -~ -
N ', 1 g 06 T
g —0.95T007 [1 L 1 R b 90— 067+ 0.12 :
- / um— i o p— L
= g CP 0 08 || 0.4 :— CP . . ;
: ; i , 3 ;
- f ‘. : 0.2 -
- ’ \ — - -
[ G G E SR SEn | oo 0'0”.1.1...1...|...|...|...1 o e i Ern el
-1.0 0.5 0.0 0.5 1.0 15 10 08 -06 04 02 00 02 04 06 08 1.0
a%=x, x 8% - %

sw
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CKM ¢global fit

> Scenario 1: only improve B® — n°r? to Tera-Z projection
» Left: only improve BR
> Right: improve both BR & a2y
» Main improvement comes from agp
> Some mirror solutions removed by a2s = C + xS at Tera-Z
> Final precision of a: 2~3° (with additional Cj2, from B-factories)

WA : o) = (93.0 + 13.6)° — Tera-Z scenario 1 : a(rm) = (82.6152 U92.0157)°

E_Etjtm --- Bonn data (WA) % --- Bonn data (WA) w~e— CKM fit
=zl [B*=1.590+0.007] Tamzoen --- [B°,a%0=0.95:0. 02] _-wioCy,

= B, a=0.9540. 02] 2wl %

I.ﬂ- T Iﬁ!llli."_lllll_"_l

e CKM fit

T T T T T T T T 1-0 _A'il T
L N
l?|
0.8 j,!il:

p-value

p-value
|

k i Vi ]
. |..'.|...|...'|..J'
100 120 140 160 180
o (deg.)

L1 | I 1 1 11 1
40 60 80 100 120 140 160 180



CKM ¢global fit

» Scenario 2: improve all three B— mm modes to Tera-Z projection
> a2 and C2P are central in this improvement
» Final precision of a:

Tera-Z scenario 2 : a(mm) = (91.8 £ 0.4)°
» Need to emphasize:

» Central values matter a lot.
» Other values can be seen in [arXiv:2208.08327]
» Theoretical systematic uncertainties (isospin related) ~ 1-2°, need to reevaluate

@ -=- Bomn data (WA) —— CKM fit % --- Bonn data (WA) = CKM fit
fitter e e 40 fitter - 0 0.0 00
Temzpos. --- [B7,C".S".BL_ TeraZposp. --- [T ,U'0, MM ]T - w/o Gya
- era-
+- A+ o+ +0 00 +r” aptr0 0.0 _ 00
/) B"C"S" BB, I N | A A o ]Tera—Z w/ Gy a
T T T T T | T T T | T T T | 1-0 _5 T T T T T | T T T | T T T | ! T ,1 T T T | !| [ T " " T T | T l'\ T |
B n 1} 1 ||. R "
i N AT it
|- 1 R - o -
08 [ R AR iy
- - N . 1 " - H
q W0 ! b ' !
r P 1 ! 1 ! .Y
@ 06| i - e 06 o o
o | . 00 ! ] = C . 00 i : i - ;
S [} withoutacp | ] S |  withagp Voo P
2 04 |8 H — o 04 [ ! P v
L & h o - . 1 ! \ 1
r | K 7 K H v ! v
0.2 — N l-, — 02 — 1 H 1 ! \ 1
- N R y | - = 1 . v ! Vo
B ‘|‘ ,',l’ \ J 7] B ' I! "I! "\"
0.0 i 1 \I\‘ I 1 1 1 I 1 1 1 I L 'J.lj 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ] 0.0 i 1 I\' I 1 1 1 I 1 1 1 I | — '; I 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 i
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 g
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https://arxiv.org/abs/2208.08327

Other prospects for a measurement

> Direct extraction of S22 via time-dependent analysis of B¢ —» 797°

> Using m¥ — e*e ™y Dalitz decay or photon conversion events
» CEPC advantage

» Larger boost of B meson

» Decent vertex reconstruction

» B decay lifetime resolution ~15 fs

» B = pp, more precise than B — mm modes
» Larger branching ratios than B — ntmw
> BY - p%p? enjoys the charged final state p¥ - wtm™
» Much better charged particle reconstruction performance than
neutral particle
» Spp is available to reduce the mirror solutions in «



Summary

OT[O, nm

» Fast simulation: key detector performance modeling

» CEPC baseline b-tagging: € ~ 80%, p ~ 90%

> EM resolution: 3%/VE @ 0.3% (0;,,~ 30MeV)

» Other effects: photon conversion & separation Channels B° - n°7® B -»n%z° B% -y B? -
» Anticipated accuracy at Tera-Z > Signal yield 60000 2000 600 17500

Accuracy 0.45% 4.5% 18% 0.95%

» Neutral charmless B-meson decays: B?S) -

» CKM angle a determination using B — mm mode

> Complemegtarityolgetween Z- and B-factory in Parameters | Tera-Z Projection
» extracting S;p
» reducing mirror solutions in a opoo/ BY 0.45%
» Anticipated precisions of B — it BR & CP asymmetries —— op+o/ BtV 0.19%
» CKM globgl fit resultg o op+— /BT 0.18%
» Only improve BY - n°n®: o(a) = 2~3° o o + (0.014-0.018)
» Improve all three B - nrr: o(a) = 0.4° acp
» Central value matters! 9cts + (0.004-0.005)
> Prospects O gt- + (0.004-0.005)

» Reevaluation of theoretical systematic uncertainties
> Direct extraction of SO0 via % Dalitz decay or photon conversion
» More precise measurement of B — pp



Thank you!



b-charge tagging (Jet charge measurement)

1.0- - ' v -1.0 1.0 B
- ! | LHCb unofficial
Belle sin(2¢,) LHCb B°»D * D -
J -0.9
/ / [ o
/} ",
0.8+ BaBar B0 »K™ | 0.8 08
) |
/ | 0.7
{ a
o 0_, Jhi
0_6 3 "",: é\ LHCb B. )J/UO L 06 06 )
i
1.';3‘: 0.5 ,? ‘55‘ 5
€>°
0.4- -0.4 0.4-
a
LHCb B°»JwK ¢ 0.3
0.2- ——"--‘--. oA P -0.2 0.2- _,.-"--'—
: ATLAS B¢
0.1
LHCDb unofficial ,
0.0- " ' ' - -0.0 0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.0

Figure 3.1: Effective tagging efficiency of (left) different HEP experiments and (right) LHCb flavour
tagging algorithms [40]. The white lines indicate contours of constant tagging power.
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b-charge tagging (Jet charge measurement)

» b-charge tagging performance: AMcasured _ [N(1 —w) + Nw] — [Nw+ N(1 - w)]
» wrong tag fraction, w ~ N+N
> tagging efficiency, €;44 = (1 - 2w) % :ijz — (1 — 2w) ALruth

> effective tagging efficiency (power), €.¢¢
€eff = €tag(l — 2w)’

» b-charge tagging at CEPC
» Jet charge measurement at MCTruth level (by Hanhua)
» infer b-charge by leading charged particles
> W ~35%, Eeff ~10%
» Dedicated b-charge tagging algorithm for B, — J /¢ (by Mingrui)
» potential to improve w ~25%, €,r5 ~20%

23


http://cepcdoc.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=252
https://indico.ihep.ac.cn/event/13595/session/0/contribution/0/material/slides/0.pdf

Time-dependent CP asymmetry of B® —» n%n?: §3°

> Extra constraint of S22 can reduce the two-fold ambiguity on the solutions of a in [75, 105]°

» Time-dependent analysis need vertex information
> 1% - ete~y Dalitz decay or photon conversion events

» Belle 1I: 147 Dalitz events & 124 photon conversion events

(_gl 1 S0 ’; P14 bl
. — 0.83 { il ]
0% Low Al 4HE )
-~ -0.94 N BEE B
0.4 ,lg 2R B
0.2 i & B
60 90 120 150 180 0 30 60 90 120 15((1)) (1)80
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» CEPC advantage
» Larger boost of B meson

» Decent vertex reconstruction
» B decay lifetime resolution ~ 15 fs



p-value

More precise determination of d using B - p p

» More precise than B = m ™ modes
» Larger branching ratiosthan B » &
> B% > p%p0 enjoys the charged final state p® — wtm™
» Much better charged particle reconstruction performance than neutral particle
> S 88 1s accessible to reduce the ambiguity solutions
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Table 90. Statistical uncertainties A4,0,0, AS,0,0,and ABo,0/B,0,0 for different input values of 4,,0,,0 and
S,0,0 used for the generation of signal MC.

Input values Time-dependent Time-integrated
A_0.0 S 0,0 AA.0,0 AS_ 0.0 AA 0,0 AB.o,0/B,0,0 [%]
0.34 [650] 0.65 [650] 0.22 0.28 0.03 2.2
0.43 [88] 0.79 0.23 0.29 0.03 2.2
0.14 [712] 0.83 0.21 0.26 0.03 24
0.14 [712] 0.40 0.20 0.29 0.03 23
0.14 [712] —0.61 0.22 0.27 0.03 23
0.14 [712] —0.94 0.22 0.28 0.03 24

Table 91. Branching fractions and CP asymmetry parameters entering in the isospin analysis of the B — nw
system: Belle measurements at 0.8 ab—! together with the expected Belle II sensitivity at 50 ab~!.

Value 0.8ab~! 50 ab~!
B.+.- [1079] 5.04 +0.21 £ 0.18 [727] +0.03 £+ 0.08
B_ o0 [1079] 1.31 +0.19 £ 0.19 [712] +0.03 £ 0.03
B_+.0[107°] 5.86 +0.26 £ 0.38 [727] +0.03 £+ 0.09
y/ P 0.33 £0.06 £ 0.03 [728] +0.01 £ 0.03
S 4om —0.64  +0.08+0.03[728]  =+0.01 % 0.01
A o00 0.14 +0.36 £0.10 [712] 1+0.03 £ 0.01 26
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Fig. 116. Scan of the confidence for ¢, performing isospin analysis of the B — nw system. (Left): The black
solid line shows the result of the scan using data from Belle measurements (see Table 91). The blue shaded
area in both plots shows the projection for Belle II. (Right): Results of the scan adding the S,0,0 constraint.
Each line shows the result for a different S,0,,0 value. The dotted horizontal lines correspond to 1 0.
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Fig. 117. Scan of the confidence for ¢, performing isospin analysis of the B — w7 system. The blue shaded
area in both plots shows the projection of the Belle measurements (see Fig. 116) for Belle II. Results of the
scan with additional S,0,0 constraints are shown by dashed lines. Each line correspond to different input S,0,,0
values. The red long dashed line on the left figure shows the result for S 0,0 = 0.83. The dotted horizontal
line correspond to 1 o.
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ﬂ)()}, are used for the time-integrated CP violation study. There is no event overlap between events

0 and events containing Dalitz decays or converted

with BY. . candidates reconstructed from two 7,

photons.
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=0.004- =
0.002+ i
O: 1 1 | 1 1 | 1 1 | 1 1 07 1 1 | 1 1 | 1 1 | 1 1
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
O, [GeV] O, [GeV]
ECAL energy resolution | Channel Omy (MeV)  Signal g background Background with false 7%(n) | VS + B/S (%)
B® — 7070 30.25 75859 15767 7.52% 0.40 £+ 0.01
3% o B? — 770 30.21 2545 5145 14.73% 4.03 £ 0.55
32 6 0.3% :
vVE B =1 33.30 693 11034 52.86% 17 + 2
B -1 33.26 19208 10586 65.25% 0.90 + 0.05
BY — 700 166 57746 381331 4.04% 1.15 + 0.03
% ¢ 1% B? — 700 165 2243 142716 5.74% 19.3 + 0.6
vVE B = nn 170 324 68243 88.27% 85 + 6
BY - 174 8300 49248 86.30% 2.90 + 0.20

Table 8: Measurement accuracies of B?s) — 7070 and B?S) — nn at different ECAL energy
resolutions when using the CEPC baseline b-tagging.



0 0
B® — n%® B, — n%° Z—-qq

10% 5
- 10°
3 10 > 10p > 10
UJCL' 10 Lu% Lu% 10°
(o] D ()]
C C = -
3 kS 2
S 3 g % 3 ¥
o [ Qo E Qo C 10
= > > L
(%] 1 (] (] L
10—1 Ll Ll R 10-1 sl sl PR 10—1 il ) e e T e 1
107 1 10 107 1 10 107 1 10
Leading E"0 [GeV] Leading E 5 [GeV] Leading E . [GeV]
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Dependence of B mass resolution on detector performance

ECAL energy resolution Photon angular resolution

GE A a 0'9
= ®C Op = ——=> Op = —
E \/l—f \/E* sin@
0.1 0.1
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e The following analysis only takes ECAL energy resolution into account

e omB ~30 MeV requires ECAL energy resolution ~3%/,JE®0.3% A



EM Energy Resolution

—— R —

From a historical perspective
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< 2% at 1GeV 2.8%/VE ® 0.3% 5.86%/VE ® 0.78%

The performance now measured in electron beams
with final prototypes shows that we are below 2%
energy resolution at 1 GeV and near to 5% at 100 MeV. 19



Belle 11 ECAL

The intrisic energy resolution of the calorimeter, as measured in a prototype 3], can be approx-

imated as:
oE 0.066%\* [0.81%)> )
= = \/< - ) + ( 7 ) +(134%)2, (9.1)

where E' is in GeV and the first term represents the electronics noise contribution.

3.5. Electromagnetic calorimeter (ECL)

The electromagnetic calorimeter 1s used to detect gamma rays as well as to identify electrons, 1.e.
separate electrons from hadrons, in particular pions. It is a highly segmented array of thallium-
doped caesium iodide CsI(Tl) crystals assembled in a projective geometry (Fig. 3). All three detector
regions, the barrel as well as the forward and backward endcaps, are instrumented with a total of
8736 crystals, covering about 90% of the solid angle in the centre-of-mass system. The CsI(TI)
crystals, preamplifiers, and support structures have been reused from Belle, whereas the readout
electronics and reconstruction software have been upgraded. In the Belle experiment, the energy
resolution observed with the same calorimeter was og/E = 4% at 100 MeV, 1.6% at 8 GeV,

0 mass resolution was

and the angular resolution was 13 mrad (3 mrad) at low (high) energies;
4.5 MeV/c? [2]; in the absence of background a very similar performance would also be expected for

Belle I1.
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