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B} — p*p~ decays

» Very rare processes

— Flavour Changing Neutral Current

—» No tree-level diagram in the Standard

Model (SM)

— Loop-, CKM- & helicity suppression
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B} — p*p~ decays

» Very rare processes

» Precise theory predictions [nep 10 (2019), 232)
(purely leptonic final state)
— B(B? — gy = (3.66 +£0.14) x 1072
— B(B° — p gy = (1.03 £ 0.05) x 10710
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https://doi.org/10.1007/JHEP10(2019)232

B} — p*p~ decays

» Very rare processes
» Precise theory predictions

» Clean experimental signature

L. Bertsch | September 10, 2026 | Analysis of B

0
(s

)= utp” decays |

q Via W me
0
B ty o
b W
Vb ut
Vi
q ——
By ty Vih
b <t
Vipb W+
1/13



BY, — ptp~ decays

» Very rare processes ro|PI=Li8l=bpr=0 s =772
» Precise theory predictions z:
» Clean experimental signature P I
] o 5 02 ] =-';r " Scaldr NP (Cw)
» Observables with complementary sensitivity to ;. 00— 7
. o2 | Nonrscalar
New Physics (NP) R S '(c(;g,,c{;))
0 +,—\. ) o) o) o6t | |
— B(B(,, = ' p ): €9 C5' Cp s} | ; == 181, 5 0; 1P = 1; gp =0
i ifeti = L lee=hp2 = pp fres; |S] = 0;|P| = 1+ 10%
— Effective lifetime 7. - Y PI=1,151=0 Prcluded st 0% L.
0.6 08 10 12 14 16 18 2.0 22 24
R = BRexp(B; — p#* ™) /BRsm(Bs — i p”)

— Mass-eigenstate rate-asymmetry A ,

— Time dependent CP-asymmetry S, ,
[Phys. Rev. Lett. 109 (2012), 041801]

(tagged measurement)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.041801

B, — p'p~ decays ﬁq‘?ﬂ

» Very rare processes
. - S

» Precise theory predictions ®

» Clean experimental signature Bg

» Observables with complementary sensitivity to _ _
New Physics (NP) b a
> Sensitive to different NP contributions from...
— Leptoquarks pHEP 05 (2017), 076]

— Z’ bosons [JHEP 02 (2013), 116]
— Extended Higgs sector [phys. B 586 (2000) 39]
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https://link.springer.com/article/10.1007/JHEP05(2017)076
https://link.springer.com/article/10.1007/JHEP02(2013)116
https://doi.org/10.1016/S0550-3213(00)00417-X

B, — p'p~ decays ﬁq‘?ﬂ

» Very rare processes

. - S
» Precise theory predictions ®
» Clean experimental signature BY

/
» Observables with complementary sensitivity to b 4 _
New Physics (NP) a

> Sensitive to different NP contributions

— Great mode to test the SM and search for NP
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State-of-the-art

(il

» Long history of measurements
> A lot of competition in the field!

> First observation of B — "~ in 2014
[Nature 522 (2015), 68]

— More precise measurements followed
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https://www.nature.com/articles/nature14474

State-of-the-art

(il

» Long history of measurements

> A lot of competition in the field!

> First observation of B — "~ in 2014
[Nature 522 (2015), 68]
— More precise measurements followed

» B(BY — pp) and 7,4
be consistent with SM

. measured to

» No evidence for BY — u* ™ until now
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State-of-the-art

(il

» Long history of measurements
» A lot of competition in the field!
> First observation of B — "~ in 2014
[Nature 522 (2015), 68]
— More precise measurements followed
>

B(BY — php~) and 7,4
be consistent with SM

w

_ measured to

» No evidence for BY — u* ™ until now

» Goals of this analysis:

— Increase precision on BY — utp~
— Evidence for BY — ptpu~
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https://www.nature.com/articles/nature14474

Measurement strategy

ety

> Analysis steps:

1. Selection

— Two-stage Boosted Decision
Tree (BDT) selection

2. Corrections of simulation/data
differences

3. Efficiency calculation

4. Mass fit (in bins of the BDT output)

— Branching Fraction (BF) extraction
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Measurement strategy

ety

> Analysis steps:

1. Selection

— Two-stage Boosted Decision
Tree (BDT) selection

2. Corrections of simulation/data
differences

3. Efficiency calculation

4. Mass fit (in bins of the BDT output)

— Branching Fraction (BF) extraction

Absolute BF measurement

N,

sig

B. =
sig -
2 fq ’Cint o-ppﬂbb gsig

> N: # signal candidates (fit)
> ¢ : efficiency

> L. integrated luminosity
> Oppbh: PP — bb cross section
» f,: hadronisation fraction
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Measurement strategy

ety

> Analysis steps:

1. Selection

— Two-stage Boosted Decision
Tree (BDT) selection

2. Corrections of simulation/data
differences

3. Efficiency calculation

4. Mass fit (in bins of the BDT output)

— Branching Fraction (BF) extraction

Absolute BF measurement

N,

sig

B. =
sig -
2 fq ’Cint o-ppﬂbb gsig

> N: # signal candidates (fit)
> ¢ : efficiency

> L. integrated luminosity

> Oppbh: PP — bb cross section
» f,: hadronisation fraction

— Large uncertainties
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Measurement strategy

ety

> Analysis steps:

1. Selection

— Two-stage Boosted Decision
Tree (BDT) selection

2. Corrections of simulation/data
differences

3. Efficiency calculation

4. Mass fit (in bins of the BDT output)

— Branching Fraction (BF) extraction

Normalised BF measurement

i=a (BO—ptum)

B 5 f

norm norm d

Bsig _—_horm . “norm . 2@ Nsig
N 6sig Js

norm
=og(BO—ptp~)

» Normalisation channel: B — K* 7~
— Similar topology
— Well-measured BF

> Use Bt — JA)(— prpu )K™* for
validation /cross-check
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The LHCb detector
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The LHCb Upgrade 1 detector %

» One of four large experiments at
the LHC (CERN)

» Single-arm forward spectrometer SideView gy HOAL g S
3
: agnet CiFi M2
— Coverage only in the M o =
forward region (and one A
direction) 1

Vertex)

— Design choice motivated by [
b production in pp collisions /7,

[JINST 19 (2024), P05065]
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https://dx.doi.org/10.1088/1748-0221/19/05/P05065

The LHCb Upgrade 1 detector %

Upgrade 1
» Detector received a major
upgrade after Run 2 sodler peaLBOAL e s
. Magnet SciFi  RICH2 M2
» bx larger instantaneous Tracker

RICHI
UT

[uminosity

» Renewed most detector parts

Vertex)
Locaor

» Full detector readout thanks to
full software trigger i i

[JINST 19 (2024), P05065]
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The LHCb Upgrade 1 detector %

Upgrade 1

» Detector received a major
upgrade after Run 2

Side View

AL HEAL M4 MS
M

Magnet SeiFi  RICH2 M2

» bx larger instantaneous Tracker

RICHI
UT

[uminosity

» Renewed most detector parts

Vertex)
Locaor

» Full detector readout thanks to
full software trigger i i

— Huge opportunity but also
many new challenges

[JINST 19 (2024), P05065]

L. Bertsch | September 10, 2026 | Analysis of B?S) — uTp~ decays | Detector 4/13


https://dx.doi.org/10.1088/1748-0221/19/05/P05065

ety

Analysis
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Dataset %

» Dataset collected in 2024 & 2025 at » Mass resolution from pi resonances
Vs =13.6TeV/c?

> O I " d” I d d {120 | IH*' llilocicol-;l- PDG masses' :1
= 1 ro Block 4 25c1 MagD !
nly “good” quality data use EIOO-_ i gi"zti ¥ ggc;Maiu l ]
» 2024 Split in “blocks” with different S P Blockl 4 2503 %%
= oot oc ¢ 25c4 MagU 11
. S 80F | i, Block6 25c4 MagD R
conditions Z f ! H Blok7 § Run2 b
o [ ! r+- Block 8 b
» Total luminosity ~ 18fb " g sop Ny
= [ ;
4op 1 R
» Suboptimal alignment in early 2024 S — Pl
201 4 — Lo
— Offline calibrations performed — e

I R B
4000 6000 8000 10000

— Mass resolution similar to previous m(p* p~) [MeVie?]
detector Before calibration/refitting
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Dataset

ety

» Dataset collected in 2024 & 2025 at
Vs =13.6TeV/c?
» Only “good” quality data used

» 2024 Split in “blocks” with different
conditions

> Total luminosity ~ 18 b~ "

» Suboptimal alignment in early 2024

— Offline calibrations performed

» Mass resolution from pp resonances

Measured width [MeV/c?]

20f

— Mass resolution similar to previous

detector

]
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Backgrounds %

» Dataset dominated by random
combination of tracks (“combinatorial)

B 2024+2025 data
—hot signal ]

W

LHCb unofficial

w

Candidates/15MeV/c?
~

5000 5200 5400 5600 5800
m(up) [MeV/c?]
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%

Backgrounds

» Dataset dominated by random

. . “ . . " E LHCb —e— Data
combination of tracks (“combinatorial) 4o s — Toa
o BDT 205 =

» Physical backgrounds:
» Semi leptonic X, decays with
misidentified hadron h

Candidates/ ( 27.5 MeV/c?)

» Partially reconstructed decays
» Double-misidentified B?S) — hth'~
decays

m,.,- [Mev/c?]

Run 2 fit [Phys. Rev. Lett. 128 (2022), 041801]
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doi.org/10.1103/PhysRevLett.128.041801

Selection %

1. Trigger selection not relying on muonic trigger
— Good alignment between B?S> — putp signal
and B?S) — hth'~
2. Cut-based selection |J+
— Displacement from primary vertex, good .:B/(
vertex/track reconstruction, ... P
3. BDT selection Kp—
— Multiple BDTs employed

4. Particle IDentification (PID)
— Different PID depending on final state

> Selection aligned between signal and normalisation/control modes as much as possible

L. Bertsch | September 10, 2026 | Analysis of B?S) — uTp decays | Analysis 7/13
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BDT selection and track isolation 1/2 w

First BDT "BDTS":

» Based on candidate-level information

> Loose selection for initial suppression of combinatorial background

-~ T T F‘ll'(_i l T T N\) T T
3 2
S [ - Signal (training) % = ggf%rse B(?;S
. = > 0.
2 [ Background (training) 08
g ¢ Signal (test) 3
6 Background (test) g
]
0.1

5000 5200 5400 5600 5800
m(zm) [MeV/c?]

Classifier Response
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BDT selection and track isolation 1/2 %

First BDT "BDTS":

» Based on candidate-level information

> Loose selection for initial suppression of combinatorial background

Track isolation BDTS:

» Exploiting full event information
> Quantify isolation of signal w.r.t other tracks

» Derive candidate-level features from this

e T
/;11:/"'/:5:V +
PV o= ~<Z_
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BDT selection and track isolation 2/2 %

-
Second BDT “Global BDT": :
» Uses track isolation as input %xs» — ggggz% ]
» Optimised in dependence on BDTS g: - §§f§§§§
» Output transformed to be uniform for signal z — §§f§§§§ 3
— Final fit in bins of this output o 7‘° Sgignalafé’iéiency[v!fD
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BDT selection and track isolation 2/2

Second BDT “Global BDT":

» Uses track isolation as input

» Optimised in dependence on BDTS

» Output transformed to be uniform for signal

— Final fit in bins of this output

lel

-~ T T T T
2 _
i:fZ.() t  bb— ppX background simulatiod]
£ t BY— pu*pu~ simulation
S15 3
o
1.0 |
0.5 |
- aha 4 L i)
o25F e T
S feogre-
& ookt ‘ i ‘

0.6 0.8

0.2 0.4
GlobalBDT_flat
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BDTS > 0.90

L n

60

70 80 90 100
Signal Efficiency %]

= T T T T
E L4p + BDT fraction uncalibrated E
o 4+ BDT fraction calibrated for PID
.'.E 13k =+ BDT fraction calibrated for PID and trigger
§ 12 —t—— E
2
Z0E BY =t ji- MC
g —
Z10F ——— 3
‘g 09F [ —
& |
E 0.8
a 07 | | | |

0.0 0.2 0.4 0.6 0.8 1.0

Global BDT flat
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- i : ch
Simulation corrections M

» Simulation is imperfect due to
— Complex detector response, time dependent effects, limited precision ...

» Have to correct/calibrate these effects .
Corrections: Sisp Tl g
S E +  MC (corrected for Tracking & PID)
8].0
1. Decay kinematics and multiplicity 0
— Correct using GradientBoostedReweighters ] o oo m——m———————
%0 L L L
(GBRs) B MV e
— Train GBRs to reweight simulation to match S
- b g | e
sWeighted control-mode data E N M i T )
S0 ‘s, Retod/ndof = 49.98
o i (4R . Zre/ndof =320
osf *‘;;..
0.5 1.0 15
pr(B) [MeV/c] led
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. . . ch
Simulation corrections w

» Simulation is imperfect due to

— Complex detector response, time dependent effects, limited precision ...
» Have to correct/calibrate these effects
Corrections:

1. Decay kinematics and multiplicity

2. Tracking efficiency and hadronic interaction Correction map 2025_Block3

. g
corrections E 1023
E S
. . . =1
— Apply data/simulation correction maps LooS
. . e
calibrated from different decay channels £
O

0.98

0.96

50 100 150

P [GeV/c?]
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Simulation corrections

(]
» Simulation is imperfect due to

— Complex detector response, time dependent effects, limited precision ...
» Have to correct/calibrate these effects

Corrections:

1. Decay kinematics and multiplicity
2. Tracking efficiency and hadronic interaction
corrections

3. Trigger efficiency
— Calibrate trigger efficiency on data
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: : : C
Simulation corrections W

» Simulation is imperfect due to
— Complex detector response, time dependent effects, limited precision ...
» Have to correct/calibrate these effects

Corrections:

€ (12, 18) [GeV/c]

)

1. Decay kinematics and multiplicity 600

P
2. Tracking efficiency and hadronic interaction ESOO 0.8.§
corrections g0 06%
3. Trigger efficiency 20 o
— Calibrate trigger efficiency on data 200 "
4. PID efficiency . 0'0

— Apply per-event PID efficiencies from data
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Cross checks

ety

» Cross-checks required to validate the method and exclude potential errors

1. Absolute and normalised branching fraction measurements on BO — hth'~
Absolute Branching Fractions
.E 55 _e_5| L AL ML AL LR AL AL ML 5 I?'_'S“""'""""""""'"""'""""'""""'""""""""""
: AT AR IR A | - Hal | } i_ {
) PR 1 1 i i i)
2] 2 B S T B S S L B ] ® “*"{'“ - “i‘“ "{"*" '+"{"{“*"4
Si1sk E Saf .
g 4 BYsKta ] g 4+ BY>K*K-
B0 B OBomKs E A 4 B ata
] E ]
05 :-3--t-+-1--i--;--i---;--i--(*--r-z--r--*-ﬂ —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6
4 3 2 15 7 8 O © V\ V\ §\Q 4 3 2 1 6 7 8 ®Q$§§ @ é §
“?c q&}o '\?’0 (’6:, q(?o q(:)c (\bc, (\bc '\(?Q (\(:)o q(_)c ’Wf)o
Block Block
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Cross checks

ety

» Cross-checks required to validate the method and exclude potential errors

1. Absolute and normalised branching fraction measurements on BO — hth'~

3

Branching Fraction
~

Normalised Branching Fractions

S O S IO 0 0 S S, S WA SO S S0 S

Normalisation channel: B® - K+~ B
4+ BY-K*K-
4+ B> atK-

e T T Sy L e Y Y S S T |

[P PV PRI FUVIN POV PYUTY FYUTE FRUTE PRUTY UV PP POVET POTR |

4 3 2 1 5 6 7 8
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0
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Branching Fraction
a o
o9
< w

o
I
G

b
=3
S

le—6

prT LARAA] RAALN AAAAY LAAA) MAALY MAAAd RAAM) RAAA RAAA) AARM MAAM

[ Normalisation channel: B — K+ 7~
+ B>t E
} ] { | i : | i [
[TV AP P | 1 Loled
4 3 2 1 5 6 7 8

\& SESS®
ﬁf’c rho r\?}c F@L 'f}o 'f?o
Block
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Cross checks

ety

» Cross-checks required to validate the method and exclude potential errors

1. Absolute and normalised branching fraction measurements on B(Os) — hth'~

2. Ratio of B — K7~ over Bt — JWK™

B(B'—>K* 1)
BB S TN > )K"

T T T T T T T T T T T T T T T T T
—-=-- World average
0.36 I’ Measurements |
035 [ b
Lt
034 F I 1 I l i B
033 J
032_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4
R R I S IS
SEIEEETETSISIIS VD
FTIFTIIIFIIP IS eS8
JIFIITIT JssssT &
VTV oVIVIE
¥ Y
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Results
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Results

ety

» Perform a blinded fit and overlay expected signal model

» Fit simultaneous in BDT bins

LHCb prdiminary E
17.86 b E
0.25<BDT <040

Candidates  ( 25 MeV/c?)

LHCb preliminary
17.86fb
0.50<BDT <060

% = LHChprdlmmay
% =f 3702807100
z H o :
s s z -
m,., Mevic] m,., Mevic] E 1sE -
10
LHChpralmna(y E % 18- LHCbprelmnay E 5§ -3 E|
Sie 80T <050 —E E Bf de280T <070 E. E|
E E E
F = -1 5000 5200 5400 5600 5800
E E | m,., Mev/cq
S s 3
€ ofmrw i
5000 5200 5400 5800
m,,, Mev/c]
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Results %

» Perform a blinded fit and overlay expected signal model

» Fit simultaneous in BDT bins

» Blinded fit looks very promising

— Very low background in highest BDT

S oF  LHCopelimnay ) o I
H o - 1 0 .. -
bins 5 =i 050280T< 100 = 3
» Expected precision scales well with the g 2 3
luminosity (compared to previous 5 3
10 —
measurement) ‘ E
5 —
> Sensitivity for B® — 't~ is being L R O IPNE
. . ) = 5E - B S S S SR
studied with pseudo experiments oFerg—= A
—5E - L el o' v e

. 5000 5200 5400 5600 5800
— Good chance for evidence m,.,- Mevic?

— Still statistically limited
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Conclusion
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Conclusion %

> B?s) — ptp~ decays provide sensitive tests of the Standard Model and offer a rich
physics programme
> Long history of measurements established these decays as an important probe of the SM
» One of the first major analyses with LHCb Upgrade 1 detector
— With the new dataset we are getting closer to finding evidence for B® — p*pu~

> Large and complex analysis involving many different aspects and contributions from a
large team

» Only shown a small part today

> Analysis well on track — working on the last finalisations
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Control mode fits
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Mass resolution fits
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