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B-physics

B-hadrons decays:

O Light enough to be produced abundantly,
but heavy enough to have many decays
O Predictions for SM observables are well-known

electron

Ve

One of the main missions of B-tactories is to perform

searches for new physics (NP) in rare B decays

neutrino neutrino neutrino
electron muon tau

Rare B decay: branching fraction (B — decay products) < 5 X 107>
— only less then 5 in 100000 B-hadron decays in this way
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Rare B Decays

Rare B decays: ﬂ Tk /ﬁ /
O GIM suppressed tlavour changing neutral currents (FCNC) W; s ) ..W;f;: }fw
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O forbidden at tree level, allowed at loop level B =
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Rare B Decays

Rare B decays: \ j? = / 0, ¥
n 2
O GIM suppressed tlavour changing neutral currents (FCNC) o s ..W;f ) }fw
u, c, _ u,c,t
— b — s/d(y) - S PR

O forbidden at tree level, allowed at loop level
O

< o
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O m?/M;, suppressed

O Helicity suppressed
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Very sensitive to NP since SM conftribution small! T “,Q: Jqfﬁ
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Rare B Decays

Rare B decays:

O GIM suppressed tlavour changing neutral currents (FCNC)
— b — s/d(y)

O forbidden at tree level, allowed at loop level
O

O m?/M;, suppressed
O Helicity suppressed

Very sensitive to NP since SM contribution small!

Limit Angular
Observables, Asymmetries

Ratios,
Amplitude b —
Analyses

CP observables
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pp collisions at 7,8,13 TeV

b-quarks produced by gluon fusion

All b-hadron species (b-baryons)
Highly boosted topology

oy, = 100 ub
Noise/Signal=1000
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Accelerators

SuperKEKB
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Belle Il Electrons
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F continuum background
(o J) M —— A T — (TR ——— o

, Ring Electron 9.44 9.46 16.0010.02 ~10.34 10.37 10.54 10.58 10.62
Positrons Source e"e” Center-of-Mass Energy [GeV]

eTe” energy-asymmetric collisions at \/E = 10.58 GeV
(on-resonance data)
60 MeV below to constrain ee™ — gg (continuum) bkgs

(off-resonance data)
BB produced via Y(4(S))

Exclusive BB production

Asymmetric beam energy — boost

Opp — 1.1 nb
Noise/Signal=4
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Accelerators

25
Belle Il Electrons - T(1S)
- Detector — = [ *
S2f Off-resonance
5 F | + T (2S)
LHC S50+
s [
gL On-resonance
Twol - T (3S)
Positron | I . l
» Generator ©  F oy L -
LER (e*) I Y A £y T (4S)
Q 4.0 GeV — °[ T foo, .
© i + bey +Hha i T T AP
\——» i continuum background
D i oL ..y I (T B T s
.\"' a&?ﬁéng Electron 0.44 9.46 18.0010.02 ~10.34 10.37 ~10.54 10.58 10.62
P @ Positrons Source e"e” Center-of-Mass Energy [GeV]
Pb>x>

Approximate rule:

1fb1l=1abt
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O

O

The Three Beasts

LHCb Belle I
LHC (pp collisions at 7,8,13 TeV) O SuperKEKB (7 GeV e /4 GeV e*)

-orward-looking spectrometer O KEKB (8 GeVe/3.5GeVer) O General purpose detector

o Taking data since 2011 O General purpose detector o Taking data since 2019

O Collected 9 fb~! data so far

O Took datat 1999-2010
ook St oM 1 O Collected 362 fb~! data in Run 1
O Collected 711 fb™ " data

O 4x1072 bb pairs ni O 370 mil. BB pairs
o) 0) o o . . .
© B, (40%), B40%), B(10%), 770 mil. 55 pairs O Resumed data-taking this year

B_ and b-baryons (10%) after ~ 1.5y long shut-down
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The Three Beasts

Increasing instantaneous luminosity is the key!

LHCb Belle I
O LHC (pp collisions at 7,8,13 TeV) Belle O SuperKEKB (7 GeV e7/4 GeV e™)
O Forward-looking spectrometer © KEKB (8 GeVe™/ 3.5 GeVe™) O General purpose detector
o Taking data since 2011 O General puﬁrpose detector o Taking data since 2019
0 Collected 9 fb~! data so far O Took data from 1999-2010

1 O Collected 362 fb™! data in Run 1
O Collected 711 fb " data

O 4x10'2 bb pairs ) o 370 mil. BB pairs
O B, (40%), B40%), B(10%),  ° 770 mil. BB pairs O Resumed data-taking this year
B_ and b-baryons (10%) after ~ 1.5y long shut-down
O Plan: 300 fb™" O Plan: 50 ab™"
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Typical Event

LHCDb Belle II

-50 0

Lyvent 74374790
Run 173768
Mon, 09 May 2016 01:45:56

Rather busy environment Very clean environment

On average 100 tracks On average: 11 tracks

_ongitudinal momentum of the B not known Known initial state kinematics

O O O O

_ower trigger efficiency in general Near 100% efficiency for B decays

O O O O O

Sensitive to lower energy deposits

Slavomira Stetkova, slavomira.stetkova@kit.edu 10 APS April meeting 2024, Sacramento A“(IT

stitute of Technology


mailto:slavomira.stefkova@kit.edu

Neutral Performance

Belle I1

LHCDb

Y detection efficiency
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Worse mass resolution
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Belle Il is generally better with neutrals
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Charged Track Performance

Belle II LHCDb

Muon trigger efficiency

Muon ID efficiency

T — U mislD

100 %
95 %

90 %
97 %
1-3%

Belle I LHCb

Kaon ID efficiency 90 %
K — 7 mislD 5%
Total Bt - K*tu*tu=| 30%
efficiency
Total BT - KTete™| 30%
efficiency

LHCD is very good with muons

95 %

Belle II LHCD
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0

Belle Il has similar sensitivity for e and
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Rare B Decays -

9B

3.0

25

B® - yy
2.0
= 1 B%->pu*u-y

Bt - utvy B° - voy 1.5
Bt s Ktutu~ Bt - utututv BO 5 uD ]{10
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Rare B Decays -

9B

B

3.0

l25

29 Better with
_ higher number
: ch =15 of y and v
% |
Better with 7o
multiple muons/
- 0.5

charged tracks that
can be vertexed
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Belle II

P —

s

Belle 11
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BRAND NEW

B — K*y

FCNC b — sy transition: Wi
O First to be measured at Belle |l S AL S
O Branching fractions &% have large theoretical uncertainties (~20%) ¢ > u
O CP (Arp) and isospin (A, asymmetries theoretically clean (cancellation of form factors)
O Latest Belle measurement found evidence of 3.16 for the isospin asymmetry
O Belle Il wants to measure in addition to &%
A (B — f}/) — (B = K*y) SM prediction: Ap is small (~1%)
© T(B - K¥) +T(B - K*)
AAcp = Acp(BY = K™%) + Acp(BT — K Ty)
[(B” — K*%) — (BT — K**y) SM prediction: A , range from 2-8%
A= [(BO — K*0) + (B* — K™ +y) with an uncertainty ~2%
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BRAND NEW

Selection strategy:
O Based on Run 1 Belle Il dataset 362 fb~!

— K*n~, Ko7°, K*7° and Kzt
0

O Reconstruct K*

O Use classifiers to reject backgrounds from

— yy and

n — yy, continuum events

Fitting strategy:
O Make 2D fit to AE and M, distributions to extract yields

AE — ER o \/ beam |pB _pZQ

Eheam

Control samples:
oPDTt

O Excellent kinematic coverage
O Total systematic uncertainty ot 1.4% derived in bins of

K;) flight distance in p € (0.3,3.1) GeV/c

0 DY — K*z~ to validate the rest of selection efficiency
Slavomira Stefkova, slavomira.stetkova@kit.edu 17

— K7™ to study K reconstruction efficiency

B — K*y

Candidates / (100 MeV/c)
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BRAND NEW

Results:

ABBY - K%] =(4.16+0.10+0.11) x 107
RBIBY - K ty] = (4.04 +£0.13+0.13) X 107
RBIB — K*y] = (4.12+0.08 +0.11) x 1073

AqpBY - K% =(-32+£24+£04)%
AqplBT - Kty =(-1.0x3.0+£0.6) %

AplB = K*y] = (—23+1.9+0.3) %

AApp=(22+38+0.7)%

Ag, =(5.1£20%1.0+1.1)%

—

Slavomira Stefkova, slavomira.stetkova@kit.edu
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| Preliminary —-B° = K*O[K+TC']Y
i det=362 ' ---- dq Background
- I BB Background |/ \
I\
| | '
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_ ¢ Data K 071'+y
" Belle |l — S
- Preliminary — B_ — KK 'y
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O [ N B [ T N |
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PRL 119, 191802 (2017),

\d v

Ao = [+6.2 £ 1.5(stat) + 0.6(syst) £+ 1.2(f+—/ foo)| %,

Remarks:
O Consistent with PDG and SM
O Similar sensitivity to Belle due

to improved K efficiency and

AFE resolution
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BRAND NEW B — yy

FCNC b — dy transition:
O Theoretically the & of this decay mode is expected to be (1.4J_r(1):§) x 1078

O Theoretical uncertainty dominated by the uncertainty on 4,

Previous searches: Experiment Integrated Luminosity ([ £ dt) Limit @ 90 C.L.
O PLB 363 (1995) 137-144 L3 73 pb~! 3.9 x107?
O PRD 73, 051107 (2006) Belle 104 fb~1 6.2 x10~°
O PRD 83, 032006 (2011) Babar 426 fb~ 3.2 x10~"
q
Y
W &
<+——< Y
q
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BRAND NEW B — yy

Selection strategy:
O Based on Belle (692 fb~1) and Run 1 Belle Il (362 fb~!) dataset

BELLE

: %12"0:‘ Belle simulati
O Reconstruct signal from two photons, where £, € (1.4, 3.4) GeV p T
O Use timing cuts to remove peaking back-to-back off-time photons sof-
O Use n/n vetos and classifiers (BDTs) to suppress backgrounds ool
(ete™ = qg (90%) + B — 220
Fitting strategy: T AF ey
/ c
O Simultaneous 3D fit to M, ., AE, Cgzpy (transtormed BDT) o
. g 2000 Belle Il simulation
with Belle & Belle Il data to extract 93 oo
Control channel: Belle Belle II o
O Use partia| B N K*}/ data Sig efficiency 23% 31% 10005_
Exp. bkg/fb-! ~0.8 800C-
Belle Il vs Belle: o
O " Tal —1 s 0a 02 0 oz
mproved signal efficiency per tb™" background AE [GeV]

O Improved AE resolution
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BRAND NEW B — yy

Belle II

Results:

O 11.0fg:§ signal events corresponding to 2.5¢ significance

O Since no significant signal — set 90% C.L. limits <[> -
O Rea”y C|OS€ to SM eXpeCtatIOﬂ %355 Prgﬂ’r‘:’aw det=694fb'1 ___:E’c"kzround %23: Bellel [Ldto=36.2fb'1 ___g‘;”c“kzmund
— best upper limit with Belle Il data nin = e o ] ratil
220F | | % 12 1
B(B® — yv) B(B’ — vy) ’ it #
(at 90% CL) 1
Belle (541-32 L 05) X 10_8 < 9.9 X 10—8 g.2§4i e 56 s2r 528 529 ;;J Y T ST S a———
+3.7 —8 —8 My, (GeV/c?) | | | | My, (GeV/c?)
Combined (3.77%%+£0.7) x 10°° <6.4x10°° L S L R N L
%25; 5o %,10:;\ —+ Data

o \} ~ » (o]
I LIELEL

Remarks: R o= T L

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

5 x improvement in limit wrt BaBar (previous best result) Coor
O BaBar had upward fluctuation
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arxiv: 2403.03/10

Ag — pK™y

FCNC b — sy transition:
O Used Run 1 + Run 2 LHCb data (9 fb~!)
O my,g < 2.5 GeV/c™ to reduce AO — pK~ "

O Veto mygg around ¢ resonance

Selection strategy:
O Strict particle ID for p and K to reduce
B - K*K y and B’ - Ktr7y
O BDT to suppress backgrounds (combinatorial)

Remaining contributions:

O Partially reconstructed Ag — pK~ '
O

O Signal

Slavomira Stefkova, slavomira.stetkova@kit.edu 22
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arxiv: 2403.03710 Ag —> PK_V

Fitting strategy:
O Perform amplitude analysis of Ag — A* — (pK7)y tor a defined set of helicities 4; with unbinned fits to

Dalitz plane m*(p, K), m*(p, y)

it rame Mgt ) fit parameter . | [JHEP 06 (2020) 116]
J A P q
d)\A)\A(Op) X Z Z C; GG hLS. M (V) BL(p)B/(q)BW/(mpK) ' '
VS;gne, d L=|J 0 =S| S=|Jp—.,| Clebsch-Gordans LS coupling /\?, A line shape with form factors
b i orb. ang. mom. barriers i
interf. (1/2)%  =— A(1520)  — A(1810) A(2110)
interf. (1/2)~ A(1600) —  A(1820) — [
X o5 160 % R M interf. (3/2)- — A(1670)  — A(1830) | — NR((3/2)
B T = LHCb Run 2 (6 fb") interf. (5/2)%  — A(1690)  — A(1890) ode
3 10 & = ok A(1405) —  A(1800) A(2100) -+ Data
T 20} = =
= 10 2 Py
S = = 1000 |p o)
0 = ’. . .
19 0Eo1E . O The default fit model comprises of
b < 500 | ‘ &
. = = ,.:') N all known A resonances as well as
e, L) K
g 1F o - alnon-resonant contribution
! _LHCb Ruln 2 (6 fb_1)| g
3 4 5} § 1.6 1.8 2.0 2.2 2.4

My (pEC) [GeV2/e may(pK7) [Gev/e]
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arxiv: 2403.03710 Ag —> PK_J/

Results:
O Fit and interference fractions between the different components contributing to the final state

S

= T T

T B e e Remarks:

£ l l O lLargest contributions stem from

O 10 e e B g e

F I i A(1520), A(1600), A(1800), A(1890)
i_é/ 5_. .......................................... I ........................................ o Largest tarference stems from

B total systematic uncertainty
- Bl external syst. unc. (A parameters)
— 5 e Bl internal syst. unc.

result with statistical uncertainty

A(1405) + A(1800)
O First Ag — pK™y amplitude analysis

: I 1 1 1 1 1 1 1 1 1 1 1 ° o [ ]
P based on the helicity formalism
O N O - oo 4NN o o o —~
7 1O O ©O© O© 0O 0O O o o — [@\| o)

\BINEANEANEAE NSNS NSNS SN A PR IR e
- =S =S =S======== L
%LQLQOI o O o
O O N~ O - — A3
<t ¥ 1O O © O© AN o0
oo oo
== <=2 2 <
~ ~
T ~ ~
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[LHCb-PAPER-2023-045]

BY —» u*tuy

FCNC b — sy transition:
O Radiative counterpart to famous BY — ptyu~ [JHEP 11 (2017) 184]

O Theoretically less clean, experimentally also harder BB > utuy) = (83 + 1.3) x 10~ for g < 8.64 GeV2/c*

o . : :
Aim: perform measurement Of % IN three blﬂS 95,(3;) N //t+//t_}/) = (8.9 + 1.0) X 10_10 for qz > 15.84 GeV2/04

of g* = invariant dimuon mass squared

O Upper 95 % C.L. limit on B(BY — utu~y) of 2 x 107 for m,.,- > 4.9 GeV/c?
oy LHCb [PRD 105, 012010 (2019)]

ad Vo=

R E——— g* bin I IT I11
T Sl El Bin II q* [GeVé/c* ] [4m?2,2.89] [2.89,8.29] [15.37,m%,]
S | 91020) Preliminary m(ptp™) [GeV/c? | 2m,,1.70]  [1.70,2.88]  [3.92,mpo]
kS Ty 1010 x B(B?— ptp—~) [8] 82+15 254+034 9.1+1.1
& ey Fraction of B — pu*pu—v 87% 2.7% 9.8%
T E| eaeso)
2)
e .
(\, - | / Selection strategy:
cY Coro FSR _q
O Use 5.4 {tb™" LHCb data
0 5 10 15 20 25 30
¢* [GeV7/c] O Veto region around ¢ resonance
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+

=
=

!
=

[LHCb-PAPER-2023-045]

Q

Results:
O No significant signal was observed
O Competitive limits in all of the regions
approaching SM have been set:

Candidates / (80 MeV/c?)

Preliminary

B(BY— pt )1 < 3.6 (
B(By— ' py)u < 6.5(
B(BO—) /.l,+/,l,_")’)111 < 34(

B(B; = p" ™)1, ¢ veto < 2.9 (
(

at 90% (95%) CL.
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40— Preliminary
- LHCb —3— Data 7
35F 5487 —— Total
- m(utp) e [2my, 1.70 GeVic?] === Bi—uuy
30 === Blopuw®
ot == Bi—su'um
25E - B'>ptum
- . -----Paﬂialyreco

20 H —+ - Combinatonal
1SE 1 + ' +

0 eaan

5000 5500 6000

mu~u~y) [MeVic?]

LHCbS54 '
mi () € [2my,, 1.70 GeVic®)
w Observed
v Expected
+ 1o
Bt 20

Preliminary

0 0.02 0.04
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arxiv: 2311.14647 B T —_— K+1/17 $

Belle 11

FCNC b — s transition:
O precise SM prediction: B(BT™ — K vv) = (5.58 £0.37) X 1070
[PRD 107, 1324 014511 (2023), PRD 107, 119903 (2023)]

O dominated by form factor uncertainty

O NP scenarios:

O Light : axions [PRD 102, 015023 (2020)],
dark scalars [PRD 1071, 095006 (2020)],
axion-like particles [JHEP 04 (2023) 131]

O Heavy:Z' [PL B 821 (2021) 136607/],
leptoquarks [PRD 98, 055003 (2018)]

Experimental status:
O Previous limits order of magnitude above SM expectation
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ITA /
ST ES) += /%

ITA
g>,. = mass 1.
squared of the 2.
neutrino pair 3.
HTA
Btag ’I .
2.
3.
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BT — K vv: Reconstruction

Measurement strategy:

O Use Run 1 Belle Il (362 tb™
O Use inclusive tagging + hadronic tagging

S

Belle 11

ly dataset

(most sensitive) (conventional)

Perform basic reconstruction (tracks and clusters)
Reconstruct signal kaon
dentify

* = c.m frame

VsES

\)
qgeczz_l_MIz(_

Perform basic reconstruction (tracks and clusters)

(B,,)

Reconstruct

Reconstruct signal kaon
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B™ — K™vv: Signal Region

Selection Strategy:

O ITA: two consecutive BDTs to suppress the continuum and BB

background — ITA signal efficiency = 8%; purity = 0.9% ITA background composition

) O 40% gg backgrounds
O HTA: one BDT to suppress the continuum and BB O 60% BB backgrounds

background — HTA signal efficiency = 0.4%; purity = 3.5%

qq decays

Fitting Strategy:
O Binned maximum likelihood fit to extract parameter
of interest signal strength u B D~ KNIy decays

 B(BT > K'wi)
BB > Ktub)

B* - tty, B-K'v

Hadronic B decays involving

1 with By, = 4.97 x 107°

Hadronic B-D"K* decays

O ITA fit variable: classifier output n(BDT,) and mass squared of the neutrino pair g2,
O HTA fit variable: classitier output #(BDTh)
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aniv: 231114647 BT — KTy Validation

Belle 11

. . . . . . 1O Belle IT [ £dt = 362fb~"
1.Signal efficiency checked with signal embedded BT — K*J/w( — u*u™) - ,
. . : o 5000F | @&
events: remove J/y and correct the kaon kinematics to match that of signal = /] £ twoor :
~~— L ) —0—
Z 4000; ”é E N
av! < 0
= 3000/ o 0.0 0.5 1.0 \
= ool BDT, (BDT; > 0.9) \C
~ / [ 1Bt — Kt .J/vy simulation ¢ Bt — KT .J/1¢ data \
1000 7/ [ 3Bt — K* JA&p simulation ¢ Bt — KT JA&p data \
4 BT — KTv v simulation |'<
0 Lo el L - ~
2. gq background physics modelling validated with off-resonance data 0 - - - - H
- 49 g pny g BDT,
x 10%

[
-

I B with D—KPX
B B without D— KX

Bl Continuum
¢ Data
/777 Sim. stat. unc.

Belle 11
f Ldt =362fb!

3.B—->X,(— Kg) physics modelling validated using pion-enriched sideband:
O Scale up the B = X.( — K}) simulated decays by 30%

o o
(@) oo
1 1 1 1 I 1 1

=
S

4. Modelling the signal-like BT — K+K£K£ decays checked
with Bt — K*K(K{ decays [PRD 85 112010]

Candidates/(1 GeV?/c*)

0.0

— L5
O Similar treatment for BT — K+K§)K£, BT - Ktnn g 10 Pt b A
oL vy

0 5 10 15
gz [GeVZ/cd]
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arxiv: 2311.14647

BT — K vv: Results

n(BDTy) HTA Combination

Belle II Bt—K*tuvp -
[ Ldt=362fb~! BB - Belle II 1 SM
—— HTA
_ [ Ldt= (3624 42) bt
— ITA

Combination

—_
(N
Ot

—_
S
-

. Belle IT :

. [Ldt=(362+42)fb HEE B* —K*tup

- : ] B°B°

I BYB-

B Continuum
¢ Data

CC

=

uw, dd, s5
Data

[\
-]
-]
-

Candidates

Candidates/0.1

Pull

0.6 0.7 0.8 0.9 . 6 8

n(BDTh)
1 4 8 251 4 8 25k1 4 8 251 4 8 25

2 [GeV? /e u = 4.6 1.0(stat) £ 0.9(syst)

u=5.4=1.0(tat)  1.1(syst) p=2.2%15(stat)t1-O(syst) corresponding to
' ' BB > K*up) = [2.3 + 0.5(stat)05(syst)] x 1075

corresponding to corresponding to

B(B* — K*vp) = 2.7 £ 0.5(stat) £ 0.5(syst) X 107 | B(B* — K*ww) = [1.1753(stat) "o 3(syst)] x 1072

O Combination improves the
ITA-only precision by 10%
O 3.5 o significance wrt bkg

O 3.5 o compatibility wrt bkg only | © 1.1 6 compatibility wrt bkg only

O 2.9 6 compatibility wrt to the SM| © 0.6 6 compatibility wrttothe SM 5 5 7 significance wrt SM
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aniv: 231114647 BT — KTvr: Results

— first evidence of the BT — K™v process

Belle IT

SM Average
0.497 + 0.037 § 304
. | Belle II (362 fb"!, combined)
3.5 0] E : 2.3+0.7 This analysis
: : Belle II (362 fb!, hadronic
1.1 0] | 1.14+1.1 Thiganalysis )
35 6 : A Belle II (362 fb™!, inclusive)
. [ 2.740.7 This analysis
I o Belle II (63 fb!, inclusive)
| 1.94+1.5 PRLI127, 181802

Belle (711 fb™!, semileptonic)

1.0+£0.6 PRD96, 091101

|
|
|
. e Belle (711 fb’!, hadronic)
|
|
|
|
|
—
|

2941.6 PRDS87, 111103

BaBar (418 fb'!, semileptonic)

0.2+0.8 PRDS82, 112002

BaBar (429 fb-!, hadronic)

- 1.5+1.3 PRDS87, 112005
] l ] I ] I ] ] ] I ] ] ] I ] ] ] I ] ] ]

0 9 A 6 ] 10 Accepted by PRD!
10° x Br(BT™—K " vp)
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Conclusion

Both LHCb and Belle (ll) are producing world-leading results in rare B decays:

O B — K*y: measurement consistent with SM and PDG

O BY — yy: best upper limit, rarest decay measured with Belle Il data so far, close to SM

O Ag — pK™y: first Ag — pK ™y amplitude analysis based on the helicity formalism
larxiv: 2403.03710]

O BSO — utu~y: first direct search, and first low g search [LHCb-PAPER-2023-045]

O B* — K™vw: first evidence for this decay with 2.7 6 compatibility with SM
larxiv: 2311.14647, to appear in PRD]

Most of the measurements are statistically limited — bigger datasets are of particular interest!

Stay tuned for future :)
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Prospects

Belle 1l Physics Book

Improved knowledge of
Observables Belle IT 5ab™!  Belle II 50ab™!

Aoy (B — K*v) 0.70% 0.53%
Acp(BY — K*%)  0.58% 0.21%

the different A baryons

and more data will result

Acp(BT = K* ) 0.81% 0.29%

in a significant reduction
AAcp(B — K*v)  0.98% 0.36%

of the uncertainties

Belle 1l Physics Book

Observables Belle II 5ab~' Belle IT 50ab™*
Br(Bg — v7v) 30% 9.6%

AC’P(Bd — ’}/’y) 78% 25%
Br(Bs — vv) 23% -

Belle Il snowmass paper : 2 scenarios baseline (improved®)
assuming SM

more data will Decay lab™" 5ab™" 10ab™" 50ab™"
BY — K+uv 055 (0.37) 0.28 (0.19) 0.21 (0.14) 0.1 (0.08)
B® — K% 2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)

result in a

observation of B - K**vi 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38)
this decay B K*ui  1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)
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Backup
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General
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\

EM Calorimeter i
2

/R
Central Drift
Chamber (CDC)

Detectors

LHCb

/

Belle Il

EM E measurement

2

Magnet
pcal HEAL M4 M5
SPD/PS M3 _
Magnet RICH2 M1 M2 _
T3
i
Tl
RICHI
A ) TT/
rte
ocato =
;_all /]
K. and muon 2 : s I |

Tracking detectors Muon

identification

O Hermetic detector

O Sensitive to

O Known initia
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SuperKEKB vs KEKB

Super-KEKB

E (GeV) B*y (mm) B*« (cm) @ | (A) L (cm?s?) KEKB SuperKEKB SuperKEKB Ziel
LER/HER | LER/HER | LER/HER | (mrad) | LER/HER (Juni 2022)
KEKB 3.5/8.0 5.9/59 | 120/120 11 16/12 | 2.1x10% e ';ESR HER "E“ "":R LER H_ER
| .
34
SuperKEKB 4.0/7.0 3.2/2.5 415 | 3.6/2.6 )| 80x10 A Bunches v 2240 1800
factor 20 factor 2-3 BBy [mm] |1200/5.9|1200/5.9| 80/1.0 | 60/1.0 | 32/0.27 | 25/0.3
| [A] 1.64 1.19 1.46 1.15 2.8 2.0
Luminositat
10% cm-2s-1 2.1 4.65 (Rekord)) 60
Int. Luminositat
fab-1 1 0.43 50
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Belle Il Long Shutdown 1

Belle Il stopped taking data in Summer 2022 for a long shutdown

O replacenr

O replacernr

O installation of 2-layered pixel vertex detector

er

er

t of beam-pl

t of photom

pe

Ultipliers of the central PID detector (TOP)

O improved data-quality monitoring and alarm system

O completed transition to new DAQ boards (PCle40)

O accelerator improvements: injection, non-linear collimators, monitoring

O replacement of aging components

O additional shielding and increased resilience against beam bckg
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S

Belle IT

Related to B — K*y
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KB

Systematic Uncertainties

ACP

Source KOKtr ]y | K*'[KTn %y | K*[K{n "]y
Fit bias 0.1 0.2 0.2
Signal PDF model 0.1 0.1 0.1
KDE modelling 0.1 0.4 0.2
BCS 0.1 0.5 0.2
K™ asymmetry — 0.6 —
7t asymmetry — — 0.6
K*tn~ asymmetry 0.3 — —
Total 0.4 0.9 0.7

Source KYK*Tn |y | KK )y | K*T[Ktr']y | K*T[K3n ]y
B counting 1.5 1.5 1.5 1.5
fE/f00 1.6 1.6 1.6 1.6
v selection 0.9 0.9 0.9 0.9
w0 veto 0.7 0.7 0.7 0.7
n veto 0.2 0.2 0.2 0.2
Tracking efficiency 0.5 0.5 0.2 0.7
7t selection 0.2 — — 0.2
K™ selection 0.4 — 0.4 —
K(S) reconstruction — 1.4 — 1.4
7V reconstruction — 3.9 3.9 —
v? selection 0.2 1.0 0.2 1.0
CSBDT selection 0.3 0.4 0.4 0.3
Candidate selection 0.1 1.0 0.6 0.2
Fit bias 0.1 0.9 0.5 0.2
Signal PDF model 0.1 0.4 0.3 0.2
KDE PDF model 0.1 0.8 0.6 0.2
Simulation sample size 0.2 0.8 0.4 0.5
Misreconstructed signal — 1.0 1.0 —
Total 2.6 5.4 4.9 3.2
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Related to B! — yy

Slavomira Stefkova, slavomira.stefkova@kit.edu 42 APS April meeting 2024, Sacramento ﬂ(IT



mailto:slavomira.stefkova@kit.edu

Systematic Uncertainties

Signal yield
Source Belle (%) Belle IT (%) Signal efficiencies
Photon Detection Efficiency 4.0 2.7 Source Belle Belle 11
Reconstruction Efficiency (erec) 0.6 0.5 (events) (events)
N(}émber of BB 1.3 1.5 Fit bias 10.16 10.12
f 2.9 2.0 PDE : : 10.56 +0.30
CepT requirement 0.4 0.9 parameterization —0.48 —0.32
70 /n veto 0.3 0.4 Shape Modeling +0.06 +0.04
Timing requirement efficiency 2.8 — Total (sum in quadrature) j:g:ig fg:gg
Total (sum in quadrature) 5.7 4.1

Slavomira Stefkova, slavomira.stefkova@kit.edu 43 APS April meeting 2024, Sacramento ﬂ(IT



mailto:slavomira.stefkova@kit.edu

Related to A) — pK™y
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Systematic Uncertainties

Table 3: Fit fractions (top) and interference fit fractions (bottom) determined using the amplitude
model. The values are given in %. The uncertainties from internal and external sources,

determined by the numerical convolution procedure are labelled aér;ts%ma’l and ag;stgmal

Observable Value  Ogap | omge™ oS8T Ogpet
A(1405) 35 Ioi | foo Dog ol
A(1520) O B A S
A(1600) 156 Lo | b 150 1%
A(1670) L3 1y S hon Lo
A(1590) SO T S T he uncertainties for most observables are dominated by
A(1800) I R R
U S e e R external inputs: specitically the masses and widths of the A
A(1820) 83 o7 ha o Lm 557
aaso) |03 SRS 8 g states. A future measurement including improved knowledge of
A(1890) 12 Toe o Fos 51 T
dmo) | rs B3 L the different A baryons and more data will result in a significant
A(2110) 65 To7 | To0 09 o2
A(2350) e e A e reduction of the uncertainties.
NR(3>") 28 Toal s s s 0 £0 5

wa0s) A160) | 07 B3| 8z o3 e O BN, —> A7y) ~3x10

(1405), A(1800) | 76 Tog | Top TR T

(1520),A(1690) | 05 Tg3 | Tog o Top Tag

A(1520), NR(%27) | 0.6 gy | Tog T35 15y

(1600), A(1810) | —1.9 Fyg| T Ty 15

(1670), A(1800) | —4.8 g3 gy 50 T

A(1690), NR(%27) | 39 Ty Ty Ton T3

A(1820),A(2110) | 11 Fgb | R T3 TR
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Related to B! — utu~y
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Selection details

—~ >.<193 T I o ]
B
= = D — Total -
5 6F Preliminary | | .. B¢y E
SIS — . -~ Partially reco. -
5_3 C -~ Combinatorial ]
: L E
O - :
3 — . . .
I3 : O Use two MLP classifiers to reduce backgrounds (optimised for
E E each g° region)
O S0 T S0 6000 Double mis-ID, partially reconstructed, B — uuzn", B — pun
m(K*K"y) [MeV/c?]
e Control channel: B — ¢( — KTK )y
2 " LHCbH —3- Data ] . . —
s 0F 54y N E Normalisation channel: B;) = JIy( = u 7 In(— yy)
2 = Preliminar By 3
= 00" ay - B> Jyn ]
g 4005_ 3 *%Combinatorial_f
g - .
5 300f -
2005; 'é
IOOEL 'é

et ' - T g -
- - ' -
[N TN S - | TS Wl TR W Y WY WO TN T B Bk T

5200 5300 5400 5500 5600
m(J/ yn) [MeV/c?]

0 )
5100
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Candidates / (80 MeV/c?)

Candidates / (80 MeV/c?)

BB)— ppy) =
B(B)— ptp )
B(B)— p ™ y)m

Preliminary
- 1.60 4 0.28) x 1078,

- 3.55 4 0.30) x 1078,

—2.55+2.25 +0.41) x 1078,

0 +,,— —
B(Bs = 1)1, 6 veto =
40 ——— — —
LHCb - Data Preliminary
35F 54" —— Total =g
m( i) € [2my,, 170 GeV/ic®] &% Bi—u'uy 3
30 A E
- == Bi—urun .
25 B°—m‘;rr; —
-~ Partially reco. -
20 ~ ~ Combinatorial —:._‘
15 =
10 - +‘=
5 15
0 = M 1 M :
5000 5500 6000
m(u*iy) [MeV/c’]
70 ——r— —
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60E 54" reliminary
m(p*ur) €[3.92 GeVic*, m ]
50
40 E -I-
30 T
20F -+ L
P T — '
- Sy — l
105 sy :I' + 5
0 s e .
C -
_10 -, o 1 o " o o 1 2 2 1 2 "
5000 5500 6000

m(p* - y) [MeV/c?]

1.34 4
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~ 200
Q
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2 160
2
L 140
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3
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g
O
20
0
~ 35
o
>
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=
8 25
é 20
e
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S
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e
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More Results

LHCbS54 '
mi ) € [2my,, 1.70 GeVic?)
wg= Observed
we Expected
+ lo
Bt 2

Preliminary

0 0.02 0.04 0.06 0.08 0.1

B(B'— uuy)

Wiy -

A
LHCb54 ' 1
) €[392GeVicd m ] .
~3~ Observed
= Expected

+ lo
Bt 2o

Preliminary

L -

006 0.08 0.1
BB~ u'uy)

w ]
o

08

0 002
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Comparison

(9|

O ’ ' 0 +,,— — - 10° 'P4—mrm—m—r—mr—m—m—m—m—1r—1r-—"r—"+—r-rrr-rrr7rrr+7+
Indirect search in By = u™u~ = no photon T BERAS | T oot oA
] '> —=— LHCb indirect (9 fb")
reCOhStr‘UCtlon § 10—7 E[?|iminil’l EAEEEOFI):IG
. e . 2 . N LCSR
O Only sensitive to high g“ region 3 o | A L ——
=~ I w(2s)  ESLQCD+HQET
J'r:,e_ —
3. 10—9 '
)
. — : |
NU i —&— Data N _ -10 [l
> [ LHCb paa . S 10
20 L _ B (0] — I ]
é’ - 6 fb = Bl—u‘u .
= i 0.70 = BDT < 1.00 {4 s Bl : 10711
S 15t | =
- - o2 e
£ ] 0 5 10 15 20 25 30
= T - ¢* [GeV?/c4]
= B -
[+ -
© ~

-

6000
m . [MeV/c2]
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S

Belle IT

Related to BT - K
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BT — K vp: Variables .{B

Belle IT

q9 B( — KUD)B

Seven major backgrounds categories:
B’BY _ ' ‘%’
. ¢ BBbackgrounds
[ BB
- CcC Belle IT prehmmary f Ldt =3.62fb1
B s5 N =
_ g conrinuum .
- uil q9 3“ 0.06 | = 8
B S -
< 0.04 - © [ BY*—=K*tui
7__|_7__ E : ¢ Data
q>_) : 7//. Sim. stat. unc.
= 0.02
ITA discriminating variables: signal kinematics, two/three-
track vertices, general event topology (e.g sphericity) T

Data
Sim

2 U//
HTA discriminating variables: signal kinematics, B, ,, other | 0_' A //

tag’
track and cluster information 0.0 0.2 0.4 0. 6
Spherlclty
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Reconstruction Techniques

Efficiency
e~01-1% e~1-3% e~1—-—100%
Exclusive hadronic (HAD) Exclusive semileptonic Inclusive (I TA)

Purity, Resolution

Different reconstruction techniques lead to nearly orthogonal data samples
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g° distribution

O Default signal model = PHSP model with SM form factor reweighting |arXiv:1409.455/]

O At low g% maximum signal efficiency of 13%

O No sensitivity for g% > 16 GeV?/c? 1oX10°
g OBE —— SM vector
4000 — 15.0 ~ :_---- NP vector
_ Ph ] : Z o6l - NPscalar amsessmssit
aSe Space i * S
i — 12.5 E*_ ] ¥
: 1 o : 0.4 |
s 0000 ¢ SM form factor | & L Belle IT Simulation o
— >, 10.0F 1 @ 02} k
= : O : O \
$_| __ | C N © ,fl.ll.1,..11.,“1‘,,‘1..,Ll,.lAll,‘All‘A\\J
= 2000 | S 75} ,
i "™ i T 1 ] ——————
[1] ‘Belle 11 S 5.0F - |
1000 Q3 3 = G I . 0.8 -
“simulation LS. | I
Z ay 1 S 06f
O I R R R AN 0.0 : | | | | R e D T R R T : "'C‘ 0.4 - — SM vector - _
0 5 10 15 20 O 2 4 o6 8 10 12 14 10 18 20 22 24 0. | ---- NP vector )
2 T vr2 ) 0 [GeV?/cl] W
4 [GGV /C ] 000 25 50 7.5 100 125 150 175

q°(GeV?)

[PRL 127, 181802 (2021)]
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Selection Efficiency as a fn. ¢°

- | 0.6

: [ Statistical uncertainty - [  Statistical uncertainty
= : Belle 11 pr.ehmlne.xry B - ) Belle II preliminary
s - : simulation - - simulation
Qg) : Q;j 0.4 )
O 10 L . [ .
ks 10T ITA -% 03t HTA
S : g | '
= | = 02} -
P _ 2 0.1 -

0 _ | | | | | | | ] E— I | 1 0.0 : | | | | | | | | | E—
0 2 4 6 &8 10 12 14 16 18 20 22 24 0O 2 4 o6 8 10 12 14 16 18 20 22 24
q* |GeV? /et q* [GeV?/c!

HTA much lower efficiency w.r.t. ITA analysis, but a smaller variation in ¢g*

/

arxiv: 2311.14647

N\ /7
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Source Uncertainty Impact on o,
size

Normalization of BB background 50% 0.88
Normalization of continuum background 50% 0.10
Leading B-decays branching fractions O(1%) 0.22
Branching fraction for BT - KT K} K} 20% 0.49
p-wave component for BT — KTK{ K, 30% 0.02
Branching fraction for B — D*) 50% 0.42
Branching fraction for BT — nnK " 100% 0.20
Branching fraction for D — K1 X 10% 0.14
Continuum background modeling, BDT. 100% of correction 0.01
Integrated luminosity 1% < 0.01
Number of BB 1.5% 0.02
Off-resonance sample normalization 5% 0.05
Track finding efficiency 0.3% 0.20
Signal kaon PID O(1%) 0.07
Photon energy scale 0.5% 0.08
Hadronic energy scale 10% 0.36
K} efficiency in ECL 8% 0.21
Signal SM form factors O(1%) 0.02
Global signal efficiency 3% 0.03
MC statistics O(1%) 0.52

Slavomira Stefkova, slavomira.stetkova@kit.edu
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statistical uncertainty

on u=1.1
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Systematic Uncertainties

1.

statistical uncertainty

onu =23

2.

3.

Source Uncertainty size Impact on o,
Normalization BB background 30% 0.91
Normalization continuum background 50% 0.58
Leading B-decays branching fractions O(1%) 0.10
Branching fraction for BT — KT K} K} 20% 0.20
Branching fraction for B — D**) 50% < 0.01
Branching fraction for BT — K1 nn 100% 0.05
Branching fraction for D — K1 X 10% 0.03
Continuum background modeling, BDT. 100% of correction 0.29
Number of BB 1.5% 0.07
Track finding efficiency 0.3% 0.01
Signal kaon PID O(1%) < 0.01
Extra photon multiplicity O(20%) 0.61
K7} efficiency 17% 0.31
Signal SM form factors O(1%) 0.06
Signal efficiency 16% 0.42
Simulated sample size O(1%) 0.60
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A Results: Post-fit distributions

Belle IT

2000 Belle II preliminary gl B+ K - v : — B— — -
i _ -1 — -l B K v elle II preliminary B B K ‘tvp  Belle Il preliminary
@\ - b ee) LdE=3621D ] 15’0+BO ) 4000 F — pogo L£dt=362fb! § 3000 - = BB [ £dt=3621fb1
@) = 1500 | o S B B B" ¥ | - B
[ ) g - Contlnuum g 3000 __ - Continuum C\_{'D B - Continuum
O % i | t Data N ¢ Data < 2000 | ¢ Data
'g 1000 i 7777, Sim. stat. unc. 4C—6? Sim. stat. unc. S Sim. stat. wnc.
N\ % - g 2000 B
Py = : = = 1000}
o\ O 900 O 1000 | = :
& | | = |
i - av) i
Q 0k 0 SR
m 5 5 : 5} :
— : = 0f = 0f
v - _ﬂ.-_—l...———-__-—_--—__WIIH Q_‘ C B
3\ D_.O: _5:.|.|.|.|. &_5:....|. Ll A R
-H— 0.00 0.04 0.08 0.12 0.16 0.20 5.10 5.15 5.20 5.25 5.30
00 01 02 03 04 05 Modified Fox-Wolfram H, M ror [GeV/é?)
Fox-Wolfram R»
150 — Belle Il preliminary il BT —K T v 400 R B B K ‘tuvp Belle II preliminary CG; 250 ‘ Bl B —K‘tw Belle II preliminary
o0 i JLAt=362fb" =7 pBORO BB [ Ldt=3621b1 § . = B'B° [ Ldt=362fb"
@)\ = r I BTB- S I BB * © 200 B BB
: . - 300 [ . O - Bl Continuum
J — Bl Continuum g Hll Continuum —_ _
% 100 - 2 [ § Data < 150f b Data
¢ Data i ,
) L | . = [ /7 Sim. stat. unc.
= Sim. stat. unc. = 200 F  Sim. stat. unc. = [
/\ = T & 100
o p— o r— g B
o) - e I < -
N = 3 l = el
Q SE S 10} =i
&4 : S
Q 0 0 ;.
Q oF _F ER e W -
a— B — B — _____ E
N’ SO_—‘——-__.'".'"—_——-“- EO“—'— B e N O S S S S
3\ - . . L 5 B | | | | | | | | | 5.10 5.15 5.20 5.25 5.30
0.0 0.1 0.2 0.3 0.4 0.5 0.00 004 0.8 0.12 0.16 0.20 M, roE [GeV/c?]
Fox-Wolfram R» Modified Fox-Woliram H,?
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ITA Results: Post-fit distributions

i Belle II preliminary B B Kty 5000 Belle Il preliminary [l B —K Tvii {)\ 2000 ?ilgtligze;ifil—ilnary N B 0+_—0> K™*1 B e / / e ﬂ
g 2000 - [ £dt=362fb" — BB B [ Ldt=3621b"! — BB N\ ¢ ¢ = [ B+B )
(\] 8 ! 0 B"B- < 4000 [ BB~ % @ B B
N 1500 F B Continuum g B Continuum @ 1500 - B Continuum
0 8 ¢ Data % 3000 ¢ Data — + Data
d ~ L . + ~—
o § 1000 i 777, Sim. stat. unc. ’_595 ? 1000
< I = 2000 e
= I = S
A\ . : =
TR RN S
@\ 0
E 5
I ¥
m 0.92 0.94 0.96 0.98 1.00
)
n(BDT:) 2 /.4
= Grec (GeVZ/c]
- - > 200 :‘ Belle II preliminary il B+ —K " vi
150 L Belle II preliminary B K+ 250 Belle II preliminary [l BT K Tuvi { I | f £.dt = 362 fb! BB
N - [ £dt=2362fb"! BB Yo J £dt=3621b! 1 BB’ ~ - — .
O N Yo > - | 1 BB~
U BTB- o 200 1] B™HB ) 150 B Conti
OO N Continuum g BN Continuum O I } D;);lalnuum
@ = 100 T Data 7 150 { Data —
o > i ’ Sim. stat. unc. = } 100
- S & 0 ‘
= _ = 100 = ;
e i I
S 50 = =
N\ g z =50
% O 50 %
N\ @)
@\ O
— 0 0
O 5
— = 0 - — -
Q - ' = 0
A -
m Q-‘ _5 _ I I | | I I I Q-‘ _5 E l T L L1 ! L ! I | L | L . |
N 0.980 0.985 0.990 0.995 1.000 0 5 10 15 20
~ n(BDTy)

Qe [GEV? /"]

Slavomira Stetkova, slavomira.stetkova@kit.edu 58 APS April meeting 2024, Sacramento ﬂ(IT

Karlsruhe Institute of Technology



mailto:slavomira.stefkova@kit.edu

HTA Results: Post-fit distributions B

Belle II

HTA Signal region n(BDTh) > 0.4

DO
S
-

W Belle II preliminary Il B™—K Tvp Belle II preliminary B B Ktup
J £Ldt=362b~" 1 BB [ L£dt=362fb! — BB

nn 150 | - _
B [ cc I cC
%3 B i, dd, ss B i, dd, s5
,‘8 100 ¢ Data i }  Data
cg@ V777 Sim. stat. unc. 4() //77, Sim. stat. unc.
@,

@)
-

20}
l }
MLM

Tltracks extra Eextra [GGV]

Pull Candidates/(0.05 GeV

Pull
Ol O OO
OO OO
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HTA Results: Post-fit distributions B

Belle II

s 2 507
% 80 [ Belle IT preliminary B B K w = - Belle II preliminary BT =K v
@, - [ Ldt=362b! — BB N> 40 F JLdt=362b71 1 BB
12 60 , I cc i‘% i cc
s B i, dd, s5 ~ 30F udl, dd, s5
o 40 B t  Data g i Data
s 7777 Sim. stat. unc. g 20f Sim. stat. unc.
S 90l = |
g I = 10
< C% i
O O O i I ! I
— DF 5
= 0k —= of
A —5E ;3 zll | é | é % é al 5 | | | L | | |

§ . 0 4 8 12 16 20 24 28

miss -+ CPmiss [GGV] q2 [G€V2/64]
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Uncertainty on the Signal Strength p

Belle Il Snowmass paper : 2 scenarios baseline (improved*)  *The "improved" scenario assumes a 50% increase in

36 (56) for SM Bt — Kt decays with signal efficiency for the same background level

B(B* >K*vD) == e
B(BO—>KSDD)!——§_ : —— —
BB — K+ D)) e | rm— _
B(BoﬁK*ovg)——i— R _—, T Limit Angular
= 50 ab™" = 50 ab™" L1 Observables
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
An An (improved) / =

95
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Other Avenues with Invisibles P

Belle II

B — #/pvv
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Flavour Anomalies

Anomalies observed in exclusive » — sy~ and b — clv transitions

LHCb Run 1 + 2016 -
| SM from DHMV .

Transition  p — sutp~ b—cly

() —
Observable P. B R(D") =

Significance

AB(B — D)
BB — DDl) (I =e,p)
Above 2.5 o Around 3.00

b — svv transitions are correlated to flavour anomalies
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>I<O . —

Related to B! - K™ %utu

L HCb-PAPER-2024-011

BRAND NEW

Presented for the first time @ Moriond QCD on 2.4.2024
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B’ - K''%u*u— Measurements %

B’ - K*O,uJF,u_ has caused lots of interest in the community

Tensions have remained for ~10 years

b — su™u~ Weak Effective Theory

2011: 1 fb~!
7L z ,Cz@i N Run 1: 3 fb~!
. L e ]
i ; — ] Run 1 + 2016: 4.7 fb™!
SM from DHMV_: o
~ P LHCb Run 1 + 2016 1
b J || SM from DHMV ]
. + f
Electromagnetic C() ........ - R :
15 N —
7(/) ¢ [GeV/c*] : e
\VVector C [LHCb-PAPER-2013-037] : -
9 [LHCb-PAPER-2015-051] — a—
. / 2 e 2C4
Axial vector (1) ki
10 [LHCb-PAPER-2020-002]

Discrepancies are present in multiple
observables and the differential decay rate

p 8
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The B - K %u* 1~ decay doesn't live in isolation...

i
Jly
dr A '
e w(25)
C7
The final state receives large
Interference contributions from ‘charm-loop’
™ resonances
Broad cc
resonances
C9 ClO
Many of the contributions are vector-like
— This mimics the Cy contribution
] | | >
am? 1 6 15 ¢% [GeV? Can we model them?
2 — —\2
q-=m(utpu)
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New Unbinned B! - K™% tu~

v Unbinned amplitude analysis to the whole q2 = mz(/ﬁ/,t_) region
v First measurement using the full Run1 [2011-2012] and Run2 [2016-2018] data

Non-local contributions

Dispersion -oeal |
Relation  C§™(g*) = G + Y2 A Y4 a) + Y, (@) Y. q°)

eft, Ay 2\
CeM™(g?) = C*

KO

f \ This is determined (Bo K*()\ /B 0 K \ / o
theoretically at V M
-

+

\
[~ ; /

AC? negative q2 values
- i/ :
N y ——r

A

Polarisation Subtraction term 1-particle 2-particle Tau loop
olarisatio contributions contributions contribution
dependent shift Asatrian, Greub, Virto Includes: .
to C7 [JHEP 04 (2020) 012] o(782), w(2S), l;% udes: Sensitive to C9T
Negligible impact from light p(770), w(3770), D*l%,
quarks $(1020), y(4040), DA C. Cornella, G. Isidori, M. Konig, S. Liechti, P. Owen, N.
Jy, w(4160) Serra [Eur.Phys.J.C 80 (2020) 12, 1095]
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Analysis Strategy %Iﬁ

Angular analysis preformed in the three decay angles and q2

~ From Simulation

\_
" From Data

- Resolution
+ S-wave parameters
L Background model

K Fit determines 150 parameters: \
« R(Cy), R(Cyp). R(Cy), R(Cly), R(C)

- Mag. and Phase of 1-particle resonances

- Acceptance model

. Real+lmag DD per helicity

- AC; per helicity

\ Form factors /

" From Theory

.- Local B —» K* Form factors
\ Gaussian constrained GRvDV [JHEP 09. 133 (2022)]

Slavomira Stefkova, slavomira.stetkova@kit.edu 68 APS April meeting 2024, Sacramento ﬂ(IT



mailto:slavomira.stefkova@kit.edu

N W
-] -]
-] -
-] -
) -]

10000

Candidates / (0.04GeVZ2c™)

T
20000
> _
P

O

S

S 10000
O

=
50
S

<

O

o

T, 20000
>

D)

O

N

S 10000
13

S

o

:-5

S

<

&

— Signal
Background
< Total
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0
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0 2

¢ [rad]
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1()6 | | | | I | | | | I | | | | I | | | | | | I | | | | I | | | | I —h
LHCD 8.4fb~! Preliminary
104 _ A —
e Data

250 1 Total

- — Signal :

- — Background
200 - Local amplitudes

1 particle non-local
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T
O
N
> -
8 -
— 150 '_f amplitudes
S SN 2 particle non-local
Z » amplitudes
«» 100 i 1B BREIEAILA Interference
g - 1
_g C 8
5 U
- _
S _
-50F - s | —
:E 8 e %ch\% IS - i
_1OOTQ|$:||||||||||||| ||’\||||||T||Q||Q||Qn|||7
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
g? [GeV?/c?]
69 APS April meeting 2024, Sacramento ﬂ(IT

Karlsruhe Institute of Technology


mailto:slavomira.stefkova@kit.edu

Results I

. . T T ] 'i LR L L L B | — |
Biggest deviation is Cy with _  LHGbsam HChsan
ACéVP — 0.7 1 a.t 2. 1 Vol fI’Om SM : i Preliminary Preliminary _
o L Ao S ) [T ] 0N -
U
M |
U
N
J . . : | T B
6 5 6
§R(C9) 8%((/19)
| T | | I L B, 2 2 I | I |
. LHCb84f | 2 f | LHCb84fb"! -
— i Preliminary 5 = 1 - i Preliminary 5

Global significance ~ 1.50 from SM

In agreement with previous unbinned

analysis af -

% ] ] : i E :

AB(B" — JIwK ) dominates systematic | SN S : oL : 1 i =
uncertainty R(C1o) R(C's)
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Results lli

-+ Total Red VS.

SM from GRvDV ;
L otal SM WO Impact of allowing NP

| . l\\‘ | LHCH 8. 4fh~! s Total
Nonlocal I\ Preliminary Local only

INS

b

contributions do "] \

influence angular, | |\

N

VS.
LHCD 84007 Impact of nonlocal
Prelimina .

N modelling

observables

Note: bins are
¢ (GeV?/eYy  correlated

14 16 18 12 14 16 18

¢ (GeV?/c?)

Integrate

Slavomira Stetkova, slavomira.stetkova@kit.edu 71 APS April meeting 2024, Sacramento ﬂ(IT

stitute of Technology


mailto:slavomira.stefkova@kit.edu

