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Purpose for this talk GEDPR\(]
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» The (experimental) analysis of B"/B" — t7v_is complete

 More work to be done on theory interpretations

» Seek for review and approval
» (Crystallize the experimental results
* Once the theory results are ready, will call for a second round (the final) review
* Analysis document (paper draft) circulated with flavor and P&P conveners

* Full set of code at FECCeePhysicsPerformance

 Table of content

* Qverview of analysis procedure (just for completeness, will skip during the talk)

. . . t Previous results: '
 Major changes since the last version | |
e BT — 77y paper
* Plan for theory interpretation, and publication , |
i« B7/B — t7u_ last iteration]
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https://github.com/zuoxunwu/FCCeePhysicsPerformance/tree/BuBc_dev/case-studies/flavour/BuBc2TauNu
https://link.springer.com/article/10.1007/JHEP12(2021)133
https://indico.desy.de/event/33640/contributions/127670/

Analysis overview
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BT /BT — t7v_decays FEE

H +
. Directly related to anomalies in b — ctv, i o :
 Clean probes to measure |V, | and |V, |
* Sensitive to BSM physics, like charged Higgs and leptoquarks c Ur
b 5
« BT —> t"y_and BT — t7v_are helicity and CKM-suppressed. E
» (BN ~004%, BB —1t7v)~1.94% =
. f(BH~43%, BBt - t7r)~1.09%x107* ¢ vy
. Inthe 5 x 10'* Z events scenario of FCC-ee £ .
e B>ty (z"n"n D)~ 1M \/
e BT > 1Ty (n"nTn0) ~ 6M Y-2/3
e
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b-decay hemispheres GEDR\]
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 Focus on three-prong 7" — 777 7 0 Signal hemisphere

T

decay 3

_ ',.""'""I'hrust axis
 Thrust axis defined as the axis that Ve
aligns the most with particle momenta.

>, 177l - Y
- i Di >

- 21l

» Measures the decay axis of Z — bb

PV

* Due to high missing energy in the signal |
Plane normal to thrust axis
deCayS (defines hemispheres)

e The thrust axis would be skewed in S-jet

signal events

 The two hemispheres would have
very different energy distributions. Tag hemisphere

xunwu.zuo@cern.ch
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Analysis steps E

e e meeeeereeep { Stage 2 MVA training )
stage1 trimming O S

e e “ |

S l
N
» 2 \E

random sampling 2X_ Stage 1 MVA training )

{ Training

| Stage 1
\ testing /

d ' TeSti ng E'l st Stage 1 - :
ran Om , Sam ples R

i~ ! 7%\, testing

stagel trimming ¢

stage2 trimming  {Stage 2 1
e memermmesnergp § NtUPlES

stage 1 + stage 2 trimming
+ baseline selection e b e
~. |estimate ™\

" Efficiency
w{ estimate and |
\,, Cross check /

{ Analysis samples }
t- exclusive decays §

§ baseline
{ selection

Final
{ selection |
\_ optimization /

{ Statistical analysis Y

. { Events for
(template fit) ’

{ Shape i
- {final analysis §
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ED AT
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- ‘r “‘
last iteration

Bt Rt ot
BY/B = Ty

|

Bc selection

Exp. Bc events

4295

Exp. Bu events

285

Exp. bkg events

448

o o(yy,.) =2.4%

xunwu.zuo@cern.ch

Exp. bkg

events 190.4

1806.0

o o(up.) =2.2%

o o(Hy,) =3.9%

800 } Generated data
FCC-ee Simulation (IDEA Delphes) 700- Tofal fit .
t  Generated data S - g . : ;FZ T
—~3800 Total fit (a’) % o B Background
L BN Bl -1y, @,
; Bt = 1ty BC B U g
q) N———
g o0 category | category | |=« Bc cat.
Z
£ Exp. Bc
5 P 5002.2 | 11.14
E events
8 o
Ex Bu LS 30 35 40 45 50
’ E Maxi hemisphere E [GeV/c?
0= 20 35 20 " = P 264.6 5115.9 aximum hemisphere E [GeV/¢”]
Maximum hemisphere E [GeV/c’] events 10001

Candidates / (0.8 GeV/c?)

8001

D
-
-

N
()
(-

DO
-
-

} Generated data
Total fit

Bt = 17u,
BN Bty +
B Background

Bu cat.

25 30 35 40 45 50
Maximum hemisphere E [GeV/c?]
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https://link.springer.com/article/10.1007/JHEP12(2021)133
https://indico.desy.de/event/33640/contributions/127670/

Major changes In analysis

with respect to previous Iteration

 Validation for MVA overtraining
* Additional exclusive samples
* Procedure for background yield and shape estimate

* Estimate of systematic uncertainty impacts

xunwu.zuo@cern.ch



Stage 1 performance G AT
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* No significant change in the training configuration.

* Only addition is the performance on testing samples

FCC-ee Simulation (IDEA Delphes) FCC-ee Simulation (IDEA Delphes)
4_.
10 § BT — 1ty 100-5
B — v,
5 ) _
10 Inc. Z° = qq 011
% Inc. Z° — ce |
= 102 Inc. Z° — bb o
- 21072
ISR g
& 1 | S
= 10 ; Em:‘.
S | 10—3
- _
= 10" ﬁ_ |
| —— Train BY — 7ty ----- Test BT — 711, X
I o -4 T Train Bf — 77,  —---- Test B — 77v; A
1 N R ] . - _ \\\
10_1 | .]'lwhw;ﬂﬂj'&. Lo F ! Train Z° — qq Test Z° — qq N
j Train Z° — cé Test Z7° — ce "\\I
{ —— Train Z2° —=bb ----- Test ZY — bb ‘L‘\\L\—L
| ' ' ' ' 10-9 | | | = |
0.0 0.2 0.4 0.6 0.8 1.0 10° 1071 1072 1077 107
BDT'1 score 1 - BDT1 score
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Stage 2 performance

* No significant change in the training configuration.

* Only addition is the performance on testing samples

FCC-ee Simulation (IDEA Delphes)

10° —— Train BT - 77y, ----- Test Bt — 77u,
Train B — 7tv,  -—--- Test Bf — 77,
Train Z° — qq Test Z° — qq
. Train Z° — cé Test Z°0 — ce
1071 Train Z° — bb ~  ----- Test Z° — bb
5 02
C: 10 E
L
=
& 10734
10—4_
107° | | T |
10° 107! 102 10-3

1 - BDT2 Be score

xunwu.zuo@cern.ch

Efficiency

FCC-ee Simulation (IDEA Delphes)
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10—4_

Test BT — 77v,
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—— Train 2° = ----- Test ZY — bb
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100
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102
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0.4 0.6
BD'T Bu score

0.8 1.0

FCC-ee Simulation (IDEA Delphes)
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—— Train Bt — 71u,

—— Train Bf — 77v,
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107°
100
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Exclusive samples = AT
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Only additional ones shown here

Z — cc bkg considered negligible in the Bc paper

(Original set attached in backup) and no exclusive sample was generated
Dgcay . Number of gvents Decay Number of events
B —- D ey, 1 x 10 + + 1T < 108
B —» D*~etv 1 x 108 D+ i OVT+ +, — g :-08
RO _ - +V6 jxj08 DT - K'nTnTm __><_-08
BO D*_M +Z | o :'08 DY - 17u, 1 x 10
B Yy il D — pty 1 x 108
B+ — DO€+V6 1 X -.08 _T_ T 3 TAS
Bt — D*%*ty 1 x 108 A; — e ve > 10
0 © - 18 A+ — ,LL+V 1 X 08
Bt — D°utv 1x10 C H
A0, o 1ns AF — AOpOrt 1 x 108
Bt — D*0ytuy, 1 x 10 c p
BY S D-etu, 1 % 108 AF - Ytata™ 1 x 108
BY — D*~ety, 1 x 108
BY — D utv 1 x 108 .
BY — Dyt 1 % 108 Decays of c-hadrons are complicated
A} = AZety, 1 x 10°%
AD s As—etr, 1 % 108 Modes of D* — K3z, D — p*n’etc,
AY — A putv 1 x 108 . .
A§ N A:‘“ ut, 1 % 108 are chosen to model generic hadronic decays

xunwu.zuo@cern.ch 11



Background estimate

Context:

 The final selection is made on 2 BDTs (1-D cut on BDT1, 2-D cut on BDT2)

ED AT

Karlsruher Institut fur Technologie

. In the final selection, backgrounds are rejected at the level of 1070, The inclusive samples

(109 events each) are not enough to estimate the final background yields.

 Estimate approach similar to the Bc paper, with many details reformed

Approach:

 Estimate yields at relatively
loose selection with inclusive
samples, and efficiencies at
further selections with
exclusive samples.

e Details in the next slide

Efficiency

BDT1 cut

FCC-ee Simulation (IDEA Delphes)

100?

10_1?

—_
=
[\]

—_
=
w

Train BT — 71v,

Train B — 71,

1074 , = _
: Train Z° — qq Test Z2° — qq
Train Z° — cé Test Z° — cé
Train Z° - b0  ----- Test 79 — bb
107225 1 —2 —4
10 10 10 10

1 - BDT1 score

BD'T Be score

BDT2 cuts

FCC-ee Simulation (IDEA Delphes)

1.0

el

L
1 AR
Ou8 ;‘}; £r
O T A

O
o

—
NN

-
1
yo T B SN
R PO e

Bc cat. o Inc. ZO — hadrons
®

BT — 17,
Bf —» 1",

PR 2 e
e  Sou'y
2SS o .
2 4
N s
e AT IS
" \l:.., . ‘E u
Py Sy L]
AR
- » A L~ .

0.6 0.8 1.0

0.2 0.4
BD'T Bu score
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Efficiency estimate Gy AT
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Underlying assumptions:

» Efficiencies in exclusive samples represent the efficiency of the inclusive process

« BDT1 and BDT2 are not correlated toward the very tight BDT region
Approach:

» Estimate yields at relatively loose selection (baseline) with inclusive samples.

» Efficiencies at tighter selections relative to the baseline selection are compared between the inclusive and
exclusive samples.

* The tight selection is chosen at a level where there are enough events in exclusive samples for direct
efficiency estimates.

» Efficiencies further than tight selection are evaluated with exclusive samples individually for BDT1 and BDT2
with smoothed splines. The final selection is optimized with scans on splines.

e1(a) = ¢(BDT1 > « | tight selection),
e2(8,7) = €(BDT2, > ,BDT2y,, < v | tight selection),

Etot(aaﬂav) — €1(C¥) X 62(187’7)

xunwu.zuo@cern.ch



Efficiency validations

Efficiencies in agreement between inclusive
and exclusive samples

* Can trust exclusive samples for further
estimates

Example of efficiencies for BDT2 cuts

(relative to baseline selection)

Sample | MVA2 Bc > 0.9 MVA2Bc >0.95 MVA2 Bc > 0.98
Zbb incl. 25.9% 6.63% 0.847%
Zbb excl. 24.4% 5.78% 0.774%
Zcc incl. 27.6% 7.14% 0.893%
Zcc excl. 27.1% 7.59% 0.895%

Fit variable (&= T

)

u
I
—_
W

.
—_
(N}

Normalised distribution (a.

0.00

Karlsruher Institut fur Technologie

FCC-ee Simulation (IDEA Delphes)

0.161

1 [T MVA1 > 0.9 and MVA2_be> 0.8

1 1 MVA1 > 0.98 and MVA2_bc> 0.8

=
—_
-]

S
)
o3

O
o
S

=
)
e

S
=)
)

1 MVA1 > 0.6 and MVA2_bc> 0.8
1 MVAL > 0.8 and MVA2. be> 0.8

v E _max:

no dependence on BDT

[ 1 MVAI > 0.95 and MVA2_be> 0.8

—1

I

25 30 35 40 45 50
EVT ThrustEmax E (GeV)

FCC-ee Simulation (IDEA Delphes)

0.121

)

u
o g g o
o o o —
H~ (@) %] o

Normalised distribution (a.

S
-
Lo

1 1 MVAL > 0.9 and MVA2_be> 0.8

1 MVA1L > 0.6 and MVA2_bc> 0.8
1 MVA1 > 0.8 and MVA2_bce> 0.8

X E_min:
dependenge on BDT

1 MVAL > 0.95 and MVA2_be> 0.8
1 MVA1 > 0.98 and MVA2_be> 0.8

L[]

o

fﬁi

= i=

iy L

I

0.00

5 10 15 20 25 35 40

30
EVT ThrustEmin E (GeV)
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Final selections

ED AT
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Final selections are decided by scanning splines to find the combination that achieves

the best signal purity.

Final choice of selections

Bc cat Bu cat
Baseline BDT1>0.9BDT2 _Bc>0.8 BDT1>0.9, BDT2_Bu>0.8
tight BDT1>0.98, BDT2_Bc > 0.9 BDT1>0.98, BDT2 _Bu>0.9
Final BDT BDT1 > 0.99988 BDT1 > 0.99961
Final BDT?2 BDT2_bkg < 0.0028 BDT2_bkg <0.0132

Selection efficiency at each step

Selection stage Bc category Bu category
7 — bb 7 — cC Z — bb 7 — cC
Baseline selection 928 x 1076 | 258 x107% | 3.01 x10~° | 5.64 x 10~
Tight selection 1.15 x 1071 1.57 x 1071 1.09 x 101 | 6.77 x 1072
Final selection BDT1 | 5.21 x 1073 2.41 x 1072 6.74 x 104 8.42 x 1072
Final selection BDT2 | 6.93 x 1072 | 3.16 x 1072 | 7.62 x 102 1.44 x 10~4
Total 3.88x 10710 | 3.07x10710 | 1.68x 10710 | 4.65 x 1012

Note: the scan for BDT2 is a 2D scan, but the final decision touches the boundary of BDT2 sig > 0.9

xunwu.zuo@cern.ch




FCC-ee Simulation (IDEA Delphes)

- - 10001 Total fit
Final yields =
=" 8001 mmm 2 bb Bke
(% + 7Y — cc Bkg
. i;i S0, Generated data
During the 1D®2D scan, ~
- Bkg eff can become 0 with very tight cuts. Required O(10) ="
remaining bkg MC events to avoid over-aggressive estimates. &
* There are usually a few local minima with similar signal

. 0.
urities. 25 30 35 40 45 50
P S Maximum hemisphere E (GeV)

(The yields listed correspond to the cuts in the previous slide. FCC-ce Simulation (IDEA Delphes)
Similar yields can be achieved with some other cut choices.) Total fit

B BT — Ty,
800] wem g - 70,

% 20 b) Bke
5 79 —s ¢¢ Bkg
g 6001 t  Generated data
Process Bc category | Bu category %
N(Bf — tFv,) 5110.0 51.8 = Bu cat.
N (BT —>_7'“1/T) 370.8 5051.2 S
N(Z — bb) 293.0 127.4
N(Z — cc) 184.6 2.8 e L
Maximum hemisphere E (GeV)
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Fit approach

Binned maximum likelihood fit, 6 strength modifiers
* Sig strengths correlated across categories, bkg strengths uncorrelated

e Sig strengths fully floating, bkg strengths floating with a lognormal penalty (corresponding to
having an uncertainty equal to the expected yield)

Tested with 4000 pseudo-experiments

FCC-ee Simulation (IDEA Delphes) FCC-ee Simulation (IDEA Delphes)

xunwu.zuo@cern.ch

0.95 1.00 1.05
IU(BSL — 7-+VT)

Bc cat Bu cat
- —— mean = 1.0005 3501 —— mean = 1.0015
| —— sigma L = 0.0214 — sigma_L = 0.0202
— sigma R = 0.0196 U(IthC)N 2.00/0 3001 —— sigmaR:0.01580(//tbu) — 1 .80/0
300+
p 22 250
_§§250- E;
- -
o S 2001
= 200+ -
é @ 1501
ZS 150 ZS
100- 100-
50 501




ST
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Estimates of uncertainties and inflated backgrounds (GE )

Background estimate relies on assumptions. Consider two impacts

exp

. BKg inflation: an exaggeration of expected bkg yields. Take scenarios of Npyq = [1,2,5,10] X kag

. Bkg uncertainty: a random fluctuation on bkg yields. Take scenarios of ¢ ?@t [1,2,5,10], where ¢ E@t is a

lognormal uncertainty on the bkg yield, relative to the expected yield.

FCC-ee Simulation (IDEA Delphes) FCC-ee Simulation (IDEA Delphes)
006 - kag = 1><N§§g 0.06 e kag = 1><N§§Ig)
. — kag = QXNEEE . — kag = 2><N§i{<g
}C 0.05- Vokg = >Ny Bc 2005 Voke = >Ny Bu
~ kag 10><N§i{<g ~ kag 10><N§>£g
T 0.04 T 0.041
) S
© 0.03 5 S 0.03 —
O e L ’ -
> . . ) > S
N ./ N /
= 0.02 - = 0.02 /
> >
as s
0.011 0.01
0 ; i 6 3 10 0 ; i 6 3 10
Relative oy, Relative oy,

xunwu.zuo@cern.ch



Further plans
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ldeas of interpretation (Foe)
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¢ Constrains on BSM models, as done in Bc paper
 Theory group at KIT is interested and available
* Bu signal, can be directly used for interpretations

+ Bcis better measured with a normalization mode, to decouple from f(B.")

. B — J/yuTv, was used before, maybe consider other modes?

** Measurements on CMK elements
* S. Monteil agreed to help
» Need LQCD inputs for f(B)

xunwu.zuo@cern.ch



Toward publication EDR\{]
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* Analysis results ready

* One small thing to test (slide 15): the final selection touches the boundary of BDT2 sig cut, relaxing this
cut may improve final sensitivity further.

- Only impacts the sensitivity results. Does not change strategy.
- Can be updated in short terms
* All current results fully documented
* Theory results to be added

* |In parallel, prepare full paper draft (introduction, FCC description etc.)
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Backup
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Kaon vs Pion ID

11000

time of flight [ps]
2
o

10000

90001

8000/

7000

Time of Flight

Good K/z separation at low

momenta

05 @ I 2 25 B 835 5 A5 B
Momentum [GeV/c?]

dN/dx [m™]

Cluster Counting

Count number of primary

lonization clusters along
track path

N

i~

3
T

22001 - K
2000}
1800}

1600

0O 5 10 15 20 25 30 35 40 45 50
Momentum [GeV/c?]

ED AT
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S i
c 14
m -
=
= E
S 1
n

10

»
ii —— time of flight
H dN/dx
A combined
&
\:,:
\\
CEEERE W TR .. T
\
\.\\ %
VO T | I\IT ~— W o | 11..11
10 %02
Momentum [GeV/c?]

3-sigma separation for
tracks with p < 30GeV

Assume perfect ID in the kinematic region (p <30 GeV) of study.

xunwu.zuo@cern.ch




Theory predictions

B’(BgL — 7'+V7-)SM = TR,

2
GrlVal*f5,mpmz [ m2
ST

. |V, | =39.09(68) x 10~ from B - DOly
- fp. =427(6) MeV from LQCD
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Samples

. BT - t™v_and BT — t7u_signals,
10M each

. Inclusive Z — bb, c¢, qq processes,
1B each

* Exclusive B decays backgrounds,
200M each

* All events generated with Pythia and
simulated in DELPHES with IDEA
detector

xunwu.zuo@cern.ch
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Decay mode N(expected) N(generated) Expected / Generated Final €

Bt - D°rtu, 5.01 x 10° 2 x 108 25.0 1.46 x 10~°
Bl s Pty 192%10 7. 25610 61.1 11 510 "
BT — D°3rx 3.64 x 10° 1.9 x 103 19.2 1.56 x 107
Bt - D*3x 6.7 x 10° 2 x 10® 33.5 1.04 x 10~°
Bt — D°DYf 5.85 x 10° 2 x 10® 29.3 2.52 x 10710
Bt — D*°D} 4.94 x 10° 1.75 x 10% 28.2 2.72 x 10710
Bl 3P D . i1 x10" 25610 55.6 249 x 10
B° - D 7%y,  7.02x10° 2 x 108 35.1 2.69 x 10~°
B® - D*~vtv, 1.02x101° 2x108 51.0 1.25 x 1077
B° - D™ 3nx 3.9 x 10° 2 x 108 19.5 3.4 x 107°
B° - D*"3x 4.69 x 10° 2 x 108 23.4 9.84 x 1010
B® - D~ DY 4.68 x 10° 2 x 108 23.4 3203 10 "
BY =3 D" DY 5.2 x 10° 2 x 10% 26.0 2.32 x 107 1°
B 3+ D' D'  115x10° 210" 57.5 2.35 x 10710
B - D7y, 353 x10° 2 x 10° 17.6 371 x10
B? - D 7ty, 235 x 10° 2 x 10® 11.8 22010
B? - D7 3n 8.85 x 10% 2 x 10° 4.4 5.53 x 10~°
B? » D* 3rx 1.05 x 10° 2 x 108 5.2 3.38 x 10~°
B° - D7Dt 6.39 x 10° 2 x 10% 3.2 4.09 x 1071
B? - D*~D?t 2.02 x 10° 2 x 103 10.1 317 <10 "
B? - D*~D*t 2,09 x 10° 2 x 10® 10.5 2.56 <10
A) 5 ATy, 1.83 x 10° 210" 9.1 1.36 x 10~°
A - A~ 7Ty,  1.83 x 10° 2 x 10% 9.1 9.44 x 10710
A — A7 3m 4.31 x 108 2.%.10° 2.2 5.58 x 107°
A) = A 3w 4.31 x 10® 2 x 10% 2.2 9.21 x 10~ 1°
A - A DYt 6.15 x 10° 2 x 10% 3.1 346 x10
A - A~ DY 6.15 x 10° 2 x 10® 3.1 292 10
A) - A~ Dt 6.15 x 108 2 x 108 3.1 2.5 x 10~10




Systematic uncertainty G AT
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* By design, syst. uncert. at FCC-ee is

FCC-ee Simulation (IDEA Delphes)

expected to be constrained to the level 0.12
comparable to stat. uncert. of EW T Osyst = 0 X Ostar
precision measurements, and not a S 1 10- — Osyst = 0.20 X Ospar
major concern for this result. > Tsyst = 0.5 X Ostat
45 | Osyst = 1 X O stat
» Current analysis relies on strong 0 E 008
assumptions in the background T
estimate method. Hard to estimate the T
uncertainty from these assumptions. 4 0.06- K
+ o .
-
. . > 0.04-
* (Consider a few scenarios
o5 = 10, 0.25, 0.5, 1.0] X 0,

0.02

N (><1012)
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|V.|land |V |

D T

« By taking leptonic decay constant f5 as input, the B — t™v_and B™ — z"u_results can be used

to determine |V, | and |V , |
* (Clean measurement with high experimental precision

* Theoretical uncertainty (from lattice QCD) to be studied

3
T
F | . B—1v (BaBar)
> = B—1v (average)
- FLAG estimate for Ny =2+1

— A B—ntv
B , - B—1v (BaBar)
bl - | B—tv (average)

-~ . B—1v (BaBar)
N - B—1v (Belle)
=z —-— B—1v (average)
T —e+ HFLAV inclusive (GGOU)
o]
c

3.0 35 40 45 50 55 6.0

o ~ 4%
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FLAG review 2019

3
ke B—D ¢v (BGL)
T A B—D ¢v (CLN)
N
é.!_ — A —— B—>DfV
— A B—(D.D )¢v (BGL)
— A B—(D,D")¢v (CLN)
N
I /v B—D¢tv
vl
1 —e— HFLAV inclusive
(@]
36 38 40 42 44 46

O ~ 2%



https://arxiv.org/abs/1902.08191

