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1. BSM physics is potentially more prominent _=> lower branching fractjon
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Decays without the tree-level diagram in the SM (e.g. b — suu)

LHCDb is probing all flavours:

b— sand b — d
(more CKM-suppressed, less GIM-suppressed)
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Decays without the tree-level diagram in the SM (e.g. b — suu)
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QCD meets penguins

How does QCD impact H In case of an s-quark resonance:
the b — suu transition? what’s the QCD spectrum?
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1.

. High-level trigger: reconstruction of tracks,

Reconstruction and typical selection steps

Hardware trigger

vertices, decay topology

Full reconstruction of the event
(incl. particle identification + flavour tagging)

PID selections and multivariate classifiers

Fit to the final-state invariant-mass
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Constraints on the photon polarisation in BSO — (= K TK _)e+e_

Using 0.0009 < ¢* < 0.2615 GeV?/c*

(ca. 100 signal candidates)

4D fit

* Four-body invariant-mass determines
magnitude of signal and backgrounds
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* 3D angular distribution gives
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Test of Iepton unlversallty using BO — @
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Test of lepton universality using BSO — (= K KT
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Ratio of branching fractions is consistent with
unity in all q2 bins



Test of Iepton unlversallty using BO - (- K"K~

co
-

&)
-
1 I )

M=
o

Candidates / (10 MeV /c?)

Do
-

0
5000

| |
15 < ¢®> <19 GeV2/c

5200 5400

| |
LHCb Clnt =9fb™ b=
~+ Data

Model

- --- Signal i
== Combinatorial -

5600 5800 6000
m(K* K~ ptp) [MeV/c?

DO o
o -
T l T T 1 1 I T T

Candidates / (50 MeV /c?)

[—
-
T L I |

1 I 1 1 I 1 I 1 I 1 I I I

15 < ¢ < 19GeV?/c!

0
5000 5250 5500

Anja Beck, MIT | LHCb

5750

L L L
LHCb Ly = 9fb !

-+ Data -
Model
-=== Signal

= B> J/Yo
S BY — (29)¢ 7
Misidentified

B B! — (29) (J/vX) ¢
. Comblnatorlal

 S— — s i oy g b

6000 6250 6500
m(K*K-e*e™) [MeV/c?]

MIAMI 2024 Physics Conference 10

B) = ¢ty
BY — ¢gete-

Ratio =

Fit to the four-body invariant-mass determines
number of signal candidates for £ = e, u

Challenging reconstruction of bremsstrahlung
leads to additional backgrounds for electrons

Ratio of branching fractions is consistent with
unity in all q2 bins

Statistically limited



Model-independent analysis of Ag — pK u"u~ decays
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Model-independent analysis of Ag — pK u"u~ decays

Extract angular moments in bins
(instead of fitting an angular pdf)

Weighted candidate
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- |
25F P

0.0F 7 = , .
0 5 10 15 20 25 30
k2 [GeV2/c*]
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Model-independent analysis of Ag — pK u"u~ decays

Extract angular moments in bins

(instead of fitting an angular pdf) T s E
Statistically limited ok g
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Model-independent analysis of Ag — pK u"u~ decays

Extract angular moments in bins
(instead of fitting an angular pdf)

Statistically limited

Difficult interpretation
No SM prediction available
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Model-independent analysis of AO — DK~ ,u ,u

IIIIIIII

Extract angular moments in bins
(instead of fitting an angular pdf)

Statistically limited
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Up and coming: rare charm and strange decays
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Up and coming: rare charm and strange decays

Search for At — putu~ |ProieEE R

=> no significant signal is observed

Candidates / ( 5.6 MeV/c?)
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Up and coming: rare charm and strange decays

Search for At — putu~ |ProieEE R

=> no significant signal is observed

First observation of DY = Ttr eTe” _
B(DO = Tt [6+8_]m(e+e—)>2m“) — (13.3 +1.1+1.7+ 1.8) X 10_71

Candidates / ( 5.6 MeV/c?)
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Up and coming: rare charm and strange decays

Search for At — putu~ |ProieEE R

=> no significant signal is observed

First observation of DO > g n ete” _
B(D° — ntn[ete mere-)>am,) = (13.3 1.1+ 1.7+ 1.8) x 107"

Candidates / ( 5.6 MeV/c?)

In preparation!
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Up and coming: rare charm and strange decays

Search for At — putu~ |ProieEE R

=> no significant signal is observed

First observation of DY = Ttr eTe” _
B(DO = Tt [6+6_]m(e+e—)>2m“) — (13.3 +1.1+1.7+ 1.8) X 10_71

Candidates / ( 5.6 MeV/c?)

In preparation!

Angular analysis of AT — pu™ ™ around ¢p — u"u
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Up and coming: rare charm and strange decays

Search for At — putu~ |ProieEE R

=> no significant signal is observed

First observation of DY = Ttr eTe” _
B(DO = Tt [6+€_]m(e+e—)>2mﬂ) — (13.3 +1.1+1.7+ 1.8) X 10_71

Candidates / ( 5.6 MeV/c?)

In preparation!

Angular analysis of AT — pu™ ™ around ¢p — u"u

Search for X7 — pu™u~
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Run 3 and beyond
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Run 3 and beyond

Run 1+2: ~1 visible pp interaction / bunch crossing at 30 MHz
Hardware trigger limited to 1 MHz (saturates on many modes)

Collected 9 fb~! in six years
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Run 3 and beyond

Run 1+2: ~1 visible pp interaction / bunch crossing at 30 MHz
Hardware trigger limited to 1 MHz (saturates on many modes)

Collected 9 fb! in six years

LHCL Upgrade

=> Remove hardware trigger (Lncerease Lw effictency)
=> ALl new electronics to read the detector at 30 MH=z
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Run 3 and beyond

Run 1+2: ~1 visible pp interaction / bunch crossing at 30 MHz
Hardware trigger limited to 1 MHz (saturates on many modes)

Collected 9 fb! in six years

LHCL Upgrade
=> Remove hardware trigger (Lncerease Lw effictency)
=> ALlL new electronics to read the detector at 20 Mtz
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Run 3 and beyond

Run 1+2: ~1 visible pp interaction / bunch crossing at 30 MHz
Hardware trigger limited to 1 MHz (saturates on many modes)

Collected 9 fb! in six years

LHCL Upgrade
, , , , 150 —— Model
=> Rewmove hardware trigger (Lnerease Ln efﬁouewca) ’9 -, Combimori
p (\/l—\125 B Data
=> ALL new electronics to read the detector at 20 MHz : é "
foop e
Run 3+4: ~5 visible pp interactions / bunch crossing at 30 MHz £" ,' —
Collected 9.5 fb~! in 2024 3 %0f
25 FEEL T N i ;
II I 3 | 1
LHCD M’P@ raoe 0=5300 {%{%54%0 5500 5600 5700 3800
’ ’ m(K*ut ) [MeV/c?]
=> Add timing — —

=> H'L@ heyr ora nula YL’CH
=> (mproved radiation hardwness
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Run 3 and beyond

Run 1+2: ~1 visible pp interaction / bunch crossing at 30 MHz
Hardware trigger limited to 1 MHz (saturates on many modes)

Collected 9 fb! in six years

LHCL Upgrade
=> Remove hardware trigger (Lncerease Lw effictency)
=> ALlL new electronics to read the detector at 20 Mtz :
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q* € [1.1,6]GeV?/c*
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Run 3+4: ~5 visible pp interactions / bunch crossing at 30 MHz
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Candidates / (14 MeV/c?

1. - LHCb-FIGURE-2024-022
Collected 9.5 fb~! in 2024 ° %
ST b
LHCb Upgra de 055200 5{%\ 5200 5500 5600 §7|oo 5800
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=> Add timing — —
=> H'L@VICY ora IAM.LDWLJCH
=> (mproved radiation hardwness

Run 5+: ~40 visible pp interactions / bunch crossing at 30 MHz
Expect 50 fb~! per year
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Run 3 and beyond

Run 1+2: ~1 visible pp interaction / bunch crossing at 30 MHz
Hardware trigger limited to 1 MHz (saturates on many modes)

Collected 9 fb! in six years

LHCL Upgrade
=> Remove hardware trigger (Lncerease Lw effictency)
=> ALlL new electronics to read the detector at 20 Mtz :

150 —— Model
==+ Combinatorial
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Data

LHCb Preliminary 2024
q* € [1.1,6]GeV?/c*

|

W‘\\ -

Candidates / (14 MeV/c?

Run 3+4: ~5 visible pp interactions / bunch crossing at 30 MHz , /

Collected 9.5 fb~! in 2024 )

LHCDb M’P@ rade (I 5200 5300 5400 5500 5600 5700 5800

’ ’ m(K*ut ) [MeV/c?]
=> Add timing — —
=> H’L@VICY ora IAM.LaVL’CU

=> (mproved radiation hardwess

Expgct large increase
Run 5+: ~40 visible pp interactions / bunch crossing at 30 MHz IN sensitivity

Expect 50 fb~! per year —
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Summary

Rare decays and why QCD is hard t
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LHCb ‘l —+— Data
30 9 fb’! ! ------ B)— gete
;E Combinatorial
25 B)— ¢7n°%(— e*ey)

’ BJ— ¢n(— e*ey)
B B> ¢y(— e*e)

Rare decays and why QCD is hard

Candidates / (42.5 MeV/c?)
[\ @)
(e}

Measurements: (T i 8

m(K*K e*e™) [MeV/c?]

1. Photon polarisation from B — ¢pe*e™
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Summary
Rare decays and why QCD is hard
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Summary
Rare decays and why QCD is hard

Measurements:

1. Photon polarisation from B — ¢pe*e™

: : : 0 + p— % |
2. Lepton-universality in B, = ¢pZ™¢ %)

3. Analysis of Ag — pK utu~
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Summary

Rare decays and why QCD is hard

Measurements:

1.
2.
3.
4.

Photon polarisation from BY — ¢ete™
Lepton-universality in BY — ¢£+¢~
Analysis of Ag — pK utu~

Charm and strange decays
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Summary
Rare decays and why QCD is hard

Measurements:

1. Photon polarisation from B — ¢pe*e™
2. Lepton-universality in BY — @£ ¢~
3. Analysis of Ag — pK utu~

4. Charm and strange decays
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Flavour anomalies In rare decays
Sometimes maybe a little tension with the SM
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Flavour anomalies In rare decays
Sometimes maybe a little tension with the SM
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B(BT — K u p~) [1.1,6.0] =

Flavour anomalies in rare decays | 5"~ ¥ < <7 [1160 7

Sometimes maybe a little tension with the SM B(BY = ¢ptp) [1.1,6.0] —
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1.1
1.1
o (0.1 _
R g0 1,60 — ———
R+ [0.045,6.0] — ——
R,k [0.1,6.0] — —— -
R [1.1,6.0] — — -
g-2

b — cCv (tree-level diagram)

I I I I I I I I I I I I I
—-6-5-4-3-2-10 1 2 3 4 5 6

patrick.koppenburg@cern.ch 2024-10-22 Pull in o

Anja Beck, MIT | LHCb MIAMI 2024 Physics Conference 16



Flavour anomalies In rare decays
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B(BT — K u p~) [1.1,6.0] =

Flavour anomalies in rare decays | 5"~ ¥ < <7 [1160 7
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Sometimes maybe a little tension with the SM
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Flavour anomalies in rare decays | 5"~ ¥ < <7 [1160 7
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