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Combination of experiments

The Jennifer2 era has been the years if
‘combination’ both for Belle2 (+Belle) and for

T2K (+SK, +NOVA) communities!
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Measurement of CP asymmetries and
branching-fraction ratios for B* — DK% and Drx*

with D — K{K*a¥ using Belle and Belle Il data
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Measurement of branching-fraction ratios and C'P
asymmetries in BT — D(;PiKi decays at Belle and
Belle 11

The Belle and Belle 1l collaboration

E-mail: coll-publications@bel le2.org

ABSTRACT: We roport results from a study of 55 3 DK decoys ollowred by 17 decoying to
the CP-even final state KK~ and C'P-odd final state 437", where 17 is an admixture of
L° and D" states. These decays are sensitive to the Cabibbo-Kobaynshi-Maskayn unitar
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CP Violation

56 First joint oscillation analysis of Super-Kami pheric and T2K
neutrino data
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Determination of the CKM angle ¢3 from a
combination of Belle and Belle Il results

The Belle and Belle Il collaborations
E-mail: col1-publications@belle2. org

ABSTRACT: We report a determination of the CKM angle ¢y, also known as 7, from a

combination of measurements using samples of up to 711fb! from the Belle experiment

and up to 3626~ from the Belle Il experiment. We combine results from analyses of
B* - DK*,B* - Dr*, and B — D'K* dec

5, where D is an admisture of D and
T® mesons, in a likelihood fit to obtain 3 = (75.2 % 7.6)°. W
interpretation of this result

e also briefly discuss the

KEYwonbs: B Physics, CKM Angle Gamma, CP Violation, ¢+-c~ Experiments

ARXIV EPRINT: 240412817

Orex Ac

The Authors

0.4

A/ /610 Beome ! - Beyma ¥ K. kil K Comiant k% . Tt %
3 ! R. Ku Ks e,

K
amedn, " Y, wshiwag Miurg, 4%

“ B, Shiba,

ot . Tanmimd T, Yo

Bayesian Cred. It E| ;m}.w A. |J;.xr‘m" \A Takemoto’ a4 7.
With rea n —=Bo b = - Fomiya,? X. Wang,? 5. Yoshida,? P. Fernandes *
- i ! Poio corts 4 3. Mirabito,* J. L. Raat* L. Wan*
Invered MO =20 . Westor 1. B . J. Cronich? M. B S 54 . W, o8 Y. Tabbison A oskderch
= ). Hill pog.! 81 Loot B 5. 14 G, Pask,” B. Bode” K. Scholberg " * ¢
NoomMO 230 A Beauh Ml P, Pagaial,
— R. Rogly” T. Naka 3 bt N
\ I L B V. Aoy D. Mo, X. . Frovee” M. St Bers, |
> i < MG, Catanes,* . Radicion, ™ " G. De Rexa, A Fel
M Mt L Luoric i G. Pronost, . Horiucki
e = VM. Lin® Y. Mackawa ™ Y. N . Olazo
I bayashi, M. ‘;Amml- . Matsubare, K. Nakar Oy
. — = A. Portocassero Yrey 2 K. Sakaskita™ T, Sokigucki ™ T. Toukamato K. Bluiyan > C. T Uw'urh"l Di
— Lodovica, J. o T, Katorl” ). Migsda L, Rasden® 2. o™ 8. 2
0 E 0 i 7 1 AT, Surk® Y, Toim vichi, % I, Zhong * 1. Feng
2 5 2 7 M. M 2 'K Wonl Vot
cp % s Thrrunt, M, 1 Wiking ® Y. Fukoa 3 1 Meno,
o J- Lagoda, M. Mandal 3 P Miakowski ¥ ¥. 5 S Prablus 1. Zalipsln.® B Ji, : g . hi 4
2 an 2 M. Hro® . Hino ™ 1. ohizn. Y. Kcnbio ™ ¥ Nobanish .

[T

Buor? B} Roeroe 7 . Gk %420 B 7 0. 3
. P,

“* M. Yokoyama,

s, % J. Xia,®

R Matsumoto,® K. Tes 2 ks M. icmin 1. B 3 ()nmmla

Shigeta M ‘shnold K. Yamauchi 0 T Vb .
Xu? Y. Wu? A.Q. Zhau

(The Super-Knmiokande Coll

K. Abe,! . Abe! N. Akhlag®® R. Akutau i-Chares ™ A,
C. Audroopoulos, ™ L. Autl M, i
V. Asadu®® Y. Ashids,” E.
M.E
8 Bologer* 5. Bordr
1A, Caballara. NF.

1T M. A Aoki™ KA. Apto, ™ T. A
Nkin " N Babu A Bacbi .. Bk,

iewicrKensniak,® V. Berardi ™ L. Be S Bhadra, "% A Blanchet, % A. Blondcl, -
B.Boyd* A, Bravar® C. Bronner,! A, Bubak 2 M. Buizza Avanzini.'”
8.Ca0'® 1. Carnbaddine. 108 A.1. Cartor.% S.L. Carturieht 0 M.P. Casad, ™

&%
o
%
3
<]
=3
&
o~

A lot of results from
combination of
experiments with pivotal
participation from
Jennifer2 members!



PJE

Workshop (2/3 April, Pisa)

k4 Neutrinos and Flavour: a stairway to New Physics

2-3 Apr 2025
INFN and University of Pisa
Europe/Rome timezone

16:00

ril 2nd and will be offered by the JENNIFER2 project.

Remote participation will be also guaranteed

Starts 2 Apr 2025, 09:00
Ends 3 Apr 2025, 14:00

coffee

131, INFN and University of Pisa

Combination techniques for neutrino experimental resulis

131, INFN and University of Pisa

Combination techniques for flavour experimental results

131, INFN and University of Pisa

Model testing with flavour results: CKM Fitter
131, INFN and University of Pisa

Session dedicated to combination of
experiments for neutrino and quark flavour

The final word on the achievements during
the Jennifer2 era
-~ Important learned lesson for the future

The future precision era / New Physics
Searches will be dominated by combinations!

s @ (Big and personal thanks to the
e SPeakers for the great talks!
s=-w0  Here just a summary of their inputs)

Luiz Vale Silva 3
17:00 - 17:25



Neutrino oscillations H""E“

Different channels (va — vg: 3x3) at different energies
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Why combining?

Fit 8,

- Breaking degeneracies - Overconstraining the - Distinguish New Physics
in the PMNS parameter space  PMNS parameter space: scenarios: eg, NSl
eg, unitarity From PhysRevLett.122.211801
—SK+T2K —T2K —SK o @ .--. I
B I B UM U PHYS. REV. D 102, 115027 (2020 0.08 1 . s 1
3/ P X (2020)
oF . Current: Joint Fit . 0.06
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How combining?

EASY APPROXIMMATED

Sum of final Gaussian errors on single
parameter:

- non-gaussian effects?

- correlations?




How combining?

EASY APPROXWATED
1. Sum of final Gaussian errors on single
3 parameter:
: il - non-gaussian effects?
Ny - correlations?
PF| SN Sum of multidimensional likelihood
T - " - handle large dimensionality, especially
Tt M y |/ | for systematic uncertainties
st . -if partial likelihood: marginalization/profile
- .| could hide correlations and/or New Physics
oo s sy effects

511'122613 Ay
https://arxiv.org/abs/2309.05989




How combining?

EASY APPROXWATED
1. Sum of final Gaussian errors on single
3 parameter:
: /Sum_ofx_z - non-gaussian effects?
2 Ny - correlations?
PF| SN Sum of multidimensional likelihood
T - 1 " - handle large dimensionality, especially
B for systematic uncertainties
g @ 4 | . -if partial likelihood: marginalization/profile
- . could hide correlations and/or New Physics
St sw ity effects

i3
5in"26 Ay
https://arxiv.org/abs/2309.05989

- Full joint data fits between experiments!
(and even in that case, what about different models?)




Main message for the future

Imperial College
London

Overcoming difficulties

« Start talking about them!
— Help experiments develop analyses with ease of combination in mind
— Help with sociological side of combined analyses
— Support development of common formats (NUHEPMC etc.)

» Start doing it now!
— T2K + NOvA and T2K + SK demonstrate how to do this
— Discover (and address) potential issues for future experiments

+ Potential to have joint facilities in future!
— NAGB61/SHINE for next gen experiments

— Neutrino beamline at CERN (NUSTORM, EnuBET etc.) with argon,
scintillator, water Cherenkov detectors

M. Scott 28



Flavour joint fits: CKMFit
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How to treat theoretical
systematics?

Standard approach:

=L e
ﬁ - stat X theo» p-value
2=_2/MmCL

central
value

Lea:: exp. data

" 10

X "

; 06

04

1 penalty 02

[cf. Charles, Descotes-G., Niess, LVS '17] }

[NV S )

Liheo: had. inputs

3 2 1 0 1 2 3 H

[Hoecker et al. ‘01, Charles et al. ‘04] /2 flat bottom quadratic Wa”S

11



1-external: Xo=0, o=1, A=1

=

How to treat theoretical == -
systematics?

Standard ap prOaCh: T— 155,2,255,3-nlisance: Xo=0, 0=1, A=1

1-nuisance: Xo=0, =1, A=1 (red) [A=0 (blue)] p-value
p-value

=L i
L= stat X Atheos

Y2=-2¢mCL
Lstat: exp. data

central
value

el ree e e P Bon 54,

. 1 04
Liheo: had. inputs no
penalty 02
[cf. Charles, Descotes-G., Niess, LVS '17] e —— e ] e R T ] p-value

Many other
possibilities ...

H ki I.*01, Charl 1. ‘04 ) "
amciemet e x2: flat bottom, quadratic walls

12



n
1-external: Xo=0, o=1, A=1
Naive Gaussian: Xp=0, o=1, A=1 (red) [A=0 (blue)] p-value
p-value
u ? ‘( ) AT

Stan d ard ap p rO aCh : - T—— 1.5,2,2.5 3-nuisance: Xo=0, o=1, A=1
1—n|u|sance. Xo=0, =1, A=1 (red) [A=0 (blue)] p-value
p-value
product or likelinoods . i
— ﬁstat X Etheo- " p-value 0s
X°=-2MmL : - "
5 08 i
Lstat: exp. data . o8 C\fggg'
. 3
Liheo: had. inputs . pegglty
1
[cf. Charles, Descotes-G., Niess, LVS '17] e —— e [} e R T ] p-value

Many other
possibilities ...

H k |. ‘01, Charl l. ‘04 ) .
[Hoecker et arles etal. ‘4] x2: flat bottom, quadratic walls

And it does matter!!

U —
Example: combination of different extractions of By~ (2 GeV)

nG 0.5577  (63) . - "G
Rfit 0.556  (02) (10) s A
1-hypercube 0.558  (04) (18) ,_,_._H_, 1-hypercube
adapt hyperball  0.5577  (38) (50) H_,_H i 13

[further examples: Charles, Descotes-G., Niess, LVS ‘17] 0.50 0.55 0.60 065



HFLAV: averaging physics variables

Heavy Flavor Averaging
Group
https://hflav.web.cern.ch

“The Heavy Flavor Averaging
Group (HFLAV) was established
at the May 2002 Flavor

Physics and CP Violation
Conference (Philadelphia) and
continues the LEP Heavy Flavor
Steering Group's tradition of
providing regular updates to the
world averages of heavy

flavor quantities.”

Requests and recommendations

When publishing limits, also publish the central value and uncertainty
— Well-known rule, but you’d be surprised how often it’s not followed...
When possible, provide the likelihood function of your measurement with respect
to all the parameters considered.
— This will enable the most accurate calculation of averages while updating nuisance
parameters
In any case, provide the values and systematics associated with nuisance
parameters to enable executing the y;-update procedure
— E.g., Br(Y(4S) —» B°B?)
Publish measurements of BR ratios (more precise than measurements of BRs)!
— LHCD does this regularly since they can’t measure the number of b hadrons produced.
— e*e™ experiments utilize their ability to measure Ny and Br(Y(4S) — B°B?), so
usually quote absolute BRs, which are less precise.

Therefore, averaging requires accounting for correlations, which can be difficult
(different samples taken at slightly different energies by same/different experiments) 14



Conclusions (?)

- Combination of experiments 3
IS more important than ever in
neutrino and quark flavour
sector.

- Basic procedures and main
challenges have been identified
— major results published!

- The best way to address them
remains a challenge for the
years to come!

15
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