“From the basics to the bleeding edge”

Searching for extremely rare decays in LHCb
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Where do | lose you?
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https://docs.google.com/forms/d/e/1FAIpQLSeF|6fLr9a4E3-ljpCrHKzu xrKbnJjgdOrCOxfikwwsVS6XA/viewform?usp=publish-editor
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What is particle physics?
(aka ‘High-Energy Physics’)

The study of fundaments of matter and their interactions

— protons, neutrons, electrons, ...

— electromagnetism, weak force, strong force
— ‘radiation’

Electron Orbits
Atoms — Nuclear physics ‘
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The structure of matter
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Quantum Field Theory
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Quantum Field Theory

- ‘First quantisation’: particles are waves, (p —> -it d/dx)

- ‘Second quantisation’: particle waves are excitations of their fields
—> create / destroy particles in line with E=mc2
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Quantum Field Theory

- ‘First quantisation’: particles are waves, (p —> -it d/dx)

- ‘Second quantisation’: particle waves are excitations of their fields
—> create / destroy particles in line with E=mc2

- ‘Force’ = exchange of virtual force particles (‘gauge bosons’)
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Forces

Electromagnetism

Photon, infinite range (1/r2),
couples to anything charged

vV (f) = 212262/R0

Strong force

Gluons, short range, binds quarks together into hadrons
—> Source of atomic energy

Coulomb barrier for charged-particle reactions

Weak force

W=, Z, heavy & short range
Couples to everything (but only ‘left-handed’)
Can change ‘flavour’ -> reason for most radioactive decay
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The standard model fields
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“The Standard Model

LEPTONS
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‘The laws of physics’

- ‘Laws of physics’ = Lego box of Feynman vertices
—> ‘lines’ are particles / forces
—> ‘vertices’ are allowed interactions

- Any diagram you can build will happen.

e+ I“L_ e+ u_
P(ee -> ) = . - ~ors N
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do g
10 [v,7] = P (1 + cos? 9)
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Modern ambitions

- What happened during the electroweak phase transition? (Higgs, T=10-36s)
- What is dark matter?

Dark Energy
. . Accelerated Expansion
- Where did all the antimatter go? Aftergiow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.
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Dark matter

There is mass ‘missing’ in the universe...

Observations -
- from starlight .
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OH GOOD, I'M ABOUT TO
START MY SET, WouLD You

WIMPs vs MACHOs
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' OH GOOD, I'M ABOUT TO
START MY SET, WouLD You

stAGHO?

. v
a new particle! —

15



&

Antimatter
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Baryogenesis
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Studying matter vs antimatter

- Theoretically, you need to perform 2 operations to conjugate® matter to antimatter:

flipping Parity &

- Is that an exact symmetry?

Flip left/right

P
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“day and night” - M.C. Escher
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Studying matter vs antimatter

- Theoretically, you need to perform 2 operations to conjugate® matter to antimatter:

flipping Parity &

- Is that an exact symmetry?

ight

—> Slightly violated
in the Weak force only!

Flip left/r

“CP violation”
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Studying matter vs antimatter

CP violation: complex phase in the weak interaction
—> Visible via an interference effect (in some cases oscillating over time)
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CP violation is not enough

- Many measurements of CP violation have been made
—> it’s there! And matches the “Standard Model prediction”.
—> it is ~1010 x too small to explain Baryogenesis

: We need new diagrams (particles/forces)!
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Beyond the Standard Model / ‘New Physics’?
ke Standand WWodel ++

1 > =2.3 MeV/c? =1.275 GeV/c? =173.07 GeV/c? 0 =126 GeV/c?
: 2/3 2/3 1 2/3 0
i 1/2 w 112 9 112 y 1
|
|
. ' up charm top
) e — -
=4 .8 MeV/c? =95 MeV/c? =418 GeV/c? 0 [ )
|
-1/3 \ -1/3 -1/3 : 0 : 1
9 9| ¥ - -
1/2 i 1/2 < 1/2 ‘ 1
1 |
1 |
down strange bottom photon ' SUSY )
~ | e B e e | '
S EE I m m = oy
i %  0.511 MeV/c? 105.7 MeV/c? 1.777 GeV/c? 91.2 GeV/c?
1 |
| k-1 -1 L 0 }
: : 112 e/ 112 E 112 I-[/ 1 v
| 1 <
' ] electron muon tau Z boson o
m <2.2 eV/c? <0.17 MeV/c? <15.5 MeV/c? 80.4 GeV/c? 8
2 0 0 0 +1
| | i Lid
E 112 -l)ﬁ 112 .l)y 112 -I)} 1 O
A -
electron muon tau
"_'l" neutrino neutrino neutrino W boson g
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Direct production limits

https://atlaspo.cern.ch/public/summary plots/

ATLAS SUSY Searches™* - 95% CL Lower Limits

ATLAS Preliminary

July 2024 \/E =13 TeV
- _1 - -
Model Signature  [Ldr[fb7'] Mass limit Reference
1 1 | L] L | L) 1 1 | T T 1 | L | L} 1 | 1
G, G—4%1 0e,u 2-6jets  Ep™ 140 1.85 m(¥})<400 GeV 2010.14293
8 mono-jet 1-3jets  EP™ 140 G [8x Degen.] 0.9 m(e])-m(X’?):S GeV 2102.10874
S %8 90 Ocpu  2-6jets EP™ 140 |2 2.3 m(%)=0 GeV 2010.14293
& g Forbidden 1.15-1.95 m(¥7)=1000 GeV 2010.14293
8 22, 3—>qqWx| Tenu 2-6 jets _ 140 |2 2.2 m(¥!)<600 GeV 2101.01629
® 3z, g—qq(tOX, ee, pu 2jets  EP™ 140 |2 2.2 m(¥7)<700 GeV 2204.13072
B 33, 3oqqWZi) Oeu  7-11jets EMS 140 |z 1.97 m(¥}) <600 GeV 2008.06032
2 SSe,u 6 jets 140 |z 1.15 m(2)-m(¥")=200 GeV 2307.01094
S gz goit) 0-1e,pu 3b EPs 140 |2 2.45 m(¥})<500 GeV 2211.08028
SSe,u 6 jets 140 g 1.25 m(g)-m(X})=300 GeV 1909.08457
b1b Oe,u 2b  EPS 140 | b 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
w ©  bby, b—b¥s — bhi) 0e,u 6b Eﬁ?“ 140 | B, Forbidden 0.23-1.35 Am(¥3,7%)=130 GeV, m(¥})=100 GeV 1908.03122
§ '% 27 2b EF™ 140 | by 0.13-0.85 Am(¥3,X1)=130 GeV, m(¥})=0 GeV 2103.08189
2 i, o) Oleu  >1ljet  EMS 140 |7 1.25 m(t))=1 GeV 2004.14060, 2012.03799
2 g_ if, Hi—>WbY) Teu  3Bjets/Tb EF™ 140 |74 Forbidden 1.05 m(¥})=500 GeV 2012.03799, 2401.13430
Qg ah,h—oTiby, T —1G 127t 2jets1 b EP™ 140 |4 Forbidden 1.4 m(¥1)=800 GeV 2108.07665
= L if, foct) /e eoeh) 0e,u 2c  Ep® 361 |E 0.85 m(¥})=0 GeV 1805.01649
SRS Oe,u mono-jet EF™ 140 | 4 0.55 m(7,,&)-m(¥})=5 GeV 2102.10874
fiy, fi—tts, Vo Z/ Wi, 1-2e,u 1-4b  EMS 140 | 0.067-1.18 m(¥2)=500 GeV 2006.05880
hix, h—h +Z Beu 1b EPsS 140 | & Forbidden 0.86 m(¥})=360 GeV, m(f;)-m(t})= 40 GeV 2006.05880
X0 viawz Multiple ¢/jets . Eﬁ?“ 140 | ¥y /)?g 0.96 m(¥})=0, wino-bino 2106.01676, 2108.07586
ee, p >ljet EPMS 140 | XX 0.205 m(¥T)-m (¥} )=5 GeV, wino-bino 1911.12606
XiXi viaww 2e,u EP™S 140 | 0.42 m(E)=0, wino-bino 1908.08215
X "(2’ via Wh Multiple ¢/jets E;I‘fss 140 X;/X;  Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
o XiXTvialp/v 2e,u EPS 140 | X 1.0 m(Z,7)=0.5(m(¥})+m(t")) 1908.08215
= § it Tl 27 EP™ 140  [ENERFRIDIN0Es 0.5 m(¥})=0 2402.00603
W= 7 jlg, I—EK) 2e,p Ojets  Ep™ 140 |7 0.7 m(e%)=0 1908.08215
ee, i >ljet EMS 140 |7 0.26 m(?)-m(¥})=10 GeV 1911.12606
HH, H—hG|ZG Oe,u >3b E%‘fs 140 | A& 0.94 BR(T] — hG)=1 2401.14922
4e,pu 0jets ER?SS 140 | A 0.55 BR(Y) — ZG)=1 2103.11684
Oeu >2largejets E™ 140 | A 0.45-0.93 BR(Y| — ZG)=1 2108.07586
2e,u >2jets EPS 140 | A& 0.77 BR(Y] — ZG)=BR(Y] — h()=0.5 2204.13072
Direct ¥1X] prod., long-lived X Disapp. trk  1jet — EP™ 140 | ¥} 0.66 Pure Wino 2201.02472
S X, 0.21 Pure higgsino 2201.02472
1] .
g % Stable g R-hadron pixel dE/dx ET'S 140 g 2.05 2205.06013
SE  Metastable 7 R-hadron, g—qg¥) pixel dE/dx EP™ 140 | & [(3)=10ns] 2.2 m(&%)=100 GeV 2205.06013
S 8 UG Displ. lep EPS 140 | &p 0.74 () =0.1ns ATLAS-CONF-2024-011
~ , T 0.36 7(f)=0.1ns ATLAS-CONF-2024-011
pixel dE/dx EMs 140 |7 0.36 w(f)=10ns 2205.06013
XTI s ze—teee 3e,u 140 Pure Wino 2011.1054
XiXT IXS — Ww/zeettyy 4e,p Ojets ~ EMsS 140 1.55 m(t%)=200 GeV 2103.1168 .
B «=1The search continues
S i), X S ks Multiple 36.1 m(¥)=200 GeV, bino-like ATLAS-CONF-2 " mw
%: if, i—>bX1,XT — bbs > 4b 140 Forbidden m(¥)=500 GeV 2010.0101
ffy, ij—bs 2jets +2b 36.7 0.61 1710.0717
ht, h—qt 2e,pu 2b 140 0.4-1.85 BR(i1—be/bu)>20% 2406.18367
1u DV 136 1.6 BR(f1 —qu)=100%, cosf,=1 2003.11956
X 133 130, 00, —tbs, X{ —bbs 1-2e,u  >6jets 140 |4 0.2-0.32 Pure higgsino 2106.09609
b 1 L 1L 1 L 1 1 1 # 1L 1 1L L L
od * . . . . _1
Ma,I Only a selection of the available mass limits on new states or 10 Q) Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Off-shell contributions
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Off-shell contributions
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Success of indirect detection

e Charm quark: suppression of K-> mumu decays
“a fourth quark would suppress FCNC” - GIM mechanism (1970)
(discovered in 1974 in charmonium at Brookhaven / SLAC)

I
U

I
p—
-

e Beauty quark: “need 3rd generation to explain CP violation” (1973)
but ‘directly’ discovered in bottomonium (1977, Fermilab)

I
p—
Ul

e W/Z bosons: “weak interaction seems left-handed” (1950s),
direct discovery 1980s at SPS (CERN)

e Top quark: ‘must be heavy, fast neutral B oscillations’.
Also W/Z mass, early 90s.
direct discovery in 1995 (Tevatron)

I
N
U

Cumulative period shift (s)
" o
o o

e Gravitational waves: 1974

Rotational energy loss in double-neutron star system
PSR B1913+16

I
o
U

I
1N
-

1975 1980 1985 1990 1995 2000 2005

Year

% Maastricht University
26



Why Beauty

- Strange experiments have been done*, Charm suffers from suppressed NP dynamics,
Top is too heavy to form bound states

- Beauty has suppressed SM diagrams (Vw), large mixing parameters (Am),
and high energy scales (g?) in decays —> up to 1000 TeV ‘indirect’ sensitivity

- Common BSM theories predict a stronger coupling to heavier flavours
(& even ‘flavour diagonal’ theories create FCNC loops)

- Theoretically calculable due to heavy b quark factorisation
(HQET, SCET, QCDf, ...)

- Clear signatures in detector due to long lifetimes

L @Kk =K,
oL + K, is a free parameter . . KM
0 5 s opn Higgs coupling d C b
- (Atlas) >
BE 10“§—
s F u []
5 102
ELL é E o Leptons Quarks
S | ] n ] ] [ o [ETIRE c
e, e o < [N
- Force carriers Higgs boson| ‘Flavour Changmg’
€L o | AN [+ . . t
" il - P R v By W= interactions
. R . 10- 10 10 10 s
 Maastricht University barticle mass (Gev
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Bs -> pu: why so rare?

8.4 . K,e
Blo) w
Z,
b Y Hat
Left-handed-antimatter Left-handed matter
Helicity Suppressed
+
&Bs%hﬂ—’
2m, o
KB« |V,V, | M—B(Clo Cio) |
B(BY = u" 11 )tneory = (3.66 +0.14) x 10~
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Bs -> yuu: not so rare?

B(Bg — ,LL 2 )theory

Maastricht University

(3.66 &

-0.14) x 1072 ?

s, d . I, e s,d ” . L,e
By} W, B,y ELQ
Z :
b w.e b * " fh.e
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LHCb experiment at CERN
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Why a ‘single arm forward spectrometer’

- protons colliding and making B’s %
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Why a ‘single arm forward spectrometer’

- protons colliding and making B’s %
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Why a ‘single arm forward spectrometer’

- protons colliding and making B’s %
—> at high energies, gluons more likely

« fllision point

Maastricht University
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Why a ‘single arm forward spectrometer’

- protons colliding and making B’s % g 5
—> at high energies, gluons more likely
—> non-equal gluon energies make highly boosted b-mesons
—> Collisions result in a ‘hadronic mess’

X f(x)
f(x)

llision point
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Reconstruction

KD
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LHCb’s excellence

® \lertexing
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LHCb’s excellence
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LHCb’s excellence

® \lertexing
® Tracking

e ParticleID

5 ’ - -
r‘ 4 -r -
p y —‘r—'v 'v
. ' ‘ = -
| -
7 - —_ -
L » - '
’ ’
| 5 >
’ ' '
» ‘—' - - - -
) - N
) '--
» ' at [ >
" e
| . .; : ! .
) 3 -~ « o
. - ’
) R -
. T B .
“ow
: p - >
%2 . ;
-1 -
¥ :
'
|

® Trigger
(real-time reconstruction, GPU+CPU)

o P N

rrrIVEV

gcal HCAL
SPD/PS )
Magnet RICH2 M1 M2

% Maastricht University




System Status

04 Nov 2025 1

LHCb Operation Info

, ; ¢
leam Position Right 1PB . Zorcen orbit from LHC Internal Plan of the Day (IPoD): Tue Novem
Beam 1H (cm) -0.375 LHC

-10.000 0.000 10, - Tuesday pp fill, followed by MD

AR EERRRFEEEN

LHCb:

- Take pp and Ne SMOG data

- In.case of 4-cell alarm btw. 10h-17h call CALQ
power-cycle

System State Auto Pilot Sun 30-Nov-2025 21:52:26 N o 5 t .
LHCb RUNNING - 0 A ON - @ N . . n Meeting: TueSday 11 Nov 9:30
A & 2 4
. Monitoring / Data quality Run Chief: Jacco de Vres
Sub-System State — Run Info
DCs READY - ﬂ Run Number: Activity: Online DQM ~ Last 10 minutes % P> Start refreshing * Reference Actions ~
DAI READY = O 334909 Settings... . . . g T
J Hello, Jacco Andreas De Vries Log out OnllneMon/Shlft/CALO Save v Wi e oy —r
B 5 -autorelabel calib/ » group/
mia J Run Start Time: Trigger Config: BelcadiTres ::x_s'“ M“:::” :::; :::;
Runinfo RUNNING = / 30-Nov-2025 20:56:18 Settings... — S;:c‘: ext ECAL ADC weighted position (Run = 334910) . ECAL LED ADCs (Run = 334910) ‘ : _** Not Found ** Hit1Pi02GammaGamma/diphoton_mass (Run = 334910) :;:;f;"_’; i
3000 t
TFC RUNNING - 0 = ScFi 35000
Run Duration: Time Alignment: 2 shit
EB+HLT1 RUNNING M B 000:56:06 & Alignment: 1 - VELO alignment and PV-beamline 2000 0000 2000
Monitoring RUNNING - B ' @ Archive -
Nr. Events: Max Nr. Events: - CALO 1000 1000
48'751'236'074 -l Correlations
Events - [l Correlations_Coarse E 20000 E
E o E o
- - | Correlations_ SMOG = =
Step Nr: To Go: Automated Run with Steps: Start at: LG iy e 15000
0 0 Steps 0 - & MUON: 1 - HitMapsM2M3 -1000 -1000 3B
-l MUON: 2 - HitMapsM4M5 o :' ': ‘
Input Rates: HLT1 Rates: Dead Time: Incompl. Evs: -l MUON: 3 - Average ODE Timing 2000 o o000 ] Eii&ii
— Alignment & Calibration —————————— CurrVs TFC: 14.69 MHz IN: 15.70 MHz 100% T, - b Masses: 1 :‘:; EE
Velo . Tracker Richl Rich2 Muon Calo - PLUME 3000 0 3000 ey -
HLT2 : ::z:; -3000 -2000 -1000 O 1000 2000 3000 -3000 -2000 -1000 0 1000
Runs/Files: 2841 /9150561 _50% _50% ) x [mm] x [mm]
- | RunNumber
Processing: EMSCL 1 Himep HCAL ADC weighted position (Run = 334910) HCAL LED ADCs (Run = 334910) 3
0.0% ‘0% 50% 100% - SCIFI: SciFi_ClustersT1 B m— P,
5 1 \ 9 o | -0% -0% - W SCIFI: SciFi_ClustersT2 2000 o TR
Disk Usage: 45% Farm Node Status: EB: 14.47 MHz OUT: 387.62 KHz 0.00 % 0.00 % . i SCIFI: St ClustersT3
fHici - S . -l SMoG 2000 15000 2000
Efficiency - 4 EB Rates Data Destination: Data Type: v Automatic et
TFC Control TELL4Os - LHCb Elog File: hit1 Run DB - & TimeAlignment: 2 - activity_vs._taeid 1000 1000
- [ Tracking: 1 - Track reconstruction HLT1
SUb'DeteCto rS: - [l Tracking: 2 - Track reconstruction HLT2 E ° 10000 E )
| VELOA ﬂ VELOC 5 UTA ﬂ uTC ﬂ SFA ﬂ SFC ﬁ RICH1 ﬂ RICH2 ﬂ ECAL ﬂ HCAL ﬂ 4 3 Alarms = =
- @ Active alarms P
1 RUNNING -~ RUNNING -~ RUNNING =~ RUNNING - RUNNING ~ RUNNING - RUNNING - RUNNING =~ RUNNING - RUNNING -~ B e 1000 ~1000 §

5000

- il Archive
- -2000
~2000

-3000

iriMUONA ﬂ MUONC ﬂ PJJME ﬂ

0 -3000 [an TEEEN ! I 1
| RUNNING -~ RUNNING - RUNNING ~ -4000 -2000 0 2000 4000 -3000 -2000 -1000 0 1000 2000
System State X [mm)] X [mm)]
Messages : ol @
g B ) * Big Brother READY 8 A G Settings Gy Actions root A
30-Nov-2025 21:34:45 - LHCb executing action PAUSE_CONTIN O
30-Nov-2025 21:34:46 - LHCb_TFC executing action CONTINUE Sub-System State
30-Nov-2025 21:34:46 - LHCb in state RUNNING LHC —
LHC PHYSICS =/
Mode: Fill Number: Energy:
SBCM READY -9 ION PHYSICS 11359 6800 GeV
Magnet READY .
Run control : ; igost
o op Clogk TEAAL,_ - Y Set Current: Measured Current:  Polarity:
5849.9 A 5850.0 A uP
Handshakes . DB Interfaces
LHC LHCb
["com ——— g Run DB Server:@  Cond DB Server:{@ Archive Status: @
|- Voltages VELO Closing Manager
System State Requested ‘ Settings Motion State DAQ HV BCM BPM VTX
’ LHCb_LHC_HV oK = PHYSICS g . ALLOWED CLOSED - 8 0000
PARTIALLY IN/OUT Motion Criteria
Sub-Detector State Req. HV %0k HV State (A/C) —
VELO_LHC_HV oK - READY 99.04 READY - READY - g Beam Position Motion System Position
UT_LHC_HV oK .| READY  |100.00 READY - READY -8 X | 0.25mm XA | 0.75mm XC | 025 mm
SF_LHC_HV oK . READY  100.00 READY & READY = ﬂ' B 0.25 mm . T
RICH1_LHC_HV oK - READY 100.00 READY - g
RICH2_LHC_HV oK - READY 100.00 READY -3 Status: Step: 0.00
ECAL_LHC_HV oK - READY 100.00 READY - g
HCAL_LHC_HV oK - READY 100.00 READY -9
MUON_LHC_HV oK . READY | 9991 READY . READY N
B [ B 't h PLUME_LHC_HV oK - READY 100.00 READY - g
I rotner
g ~SMOG
~ Regime J3: - —Shift Leader Jy:— [ Injection pd: -
DISALLOWED || ALLOWED ALLOWED
SMOG2 .
SMOG ARGON Since: 2.6 hours
b t " h t Messages
q Close




‘Bookkeeping’

Data flow

Data (~40 TB/s) reconstructed & selected in real-time

No ‘beam time’ per study, but all data collected simultaneously

—> ‘bandwidth’ per channel politically decided

Stored / processed on the Worldwide LHC Computing Grid

€9 Collision25
—-83 Beam6800GeV-VeloClosed-MagDown
—-3J Real Data

+-E3/ 90000000 (Full stream)
+-F9 93000000 (Luminosity stream onl
+E| 94000000 (Turbo stream online)
+ £3 95100000 (TURCAL)
+E 95200000 (HLT2CALIB)
+ £33 96000000 (NoBias stream)
+-E3 AnaProd-v1r4161-pp_2025_Bear
+ B3 Sprucing25c1
+-E3 Sprucing25c2
) Sprucing25c4
2 3 90000000 (Full stream)

[™ B2cC.DST
- [N B20C.DST

[™ B20CLOW.DST
- [ BANDQ.DST

[™ BANDQLOW.DST
[N BNOC.DST

[™ BNOCLOW.DST
[N IFT.DST

Y IFTLOW.DST

page: | 25 Page 1 of 254

fIhcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00000099_1.rd.dst
/Incb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00002730_1.rd.dst
/Incb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00000156_1.rd.dst
/Ihcb/LHCb/Collision25/RD.DST/00323827/0001/00323827_00011134_1.rd.dst
/Ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00000098_1.rd.dst
/Ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00000155_1.rd.dst
/Ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00001227_1.rd.dst
/Ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00002310_1.rd.dst
fIhcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00000303_1.rd.dst
/ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00000096_1.rd.dst
/Incb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00000302_1.rd.dst
/Ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00003255_1.rd.dst
/Ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00001728_1.rd.dst
/ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00009376_1.rd.dst
/Ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827 _00000640_1.rd.dst
/ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00000464_1.rd.dst
/Ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00000219_1.rd.dst
/Incb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00000220_1.rd.dst
fIhcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00005757_1.rd.dst
/ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00005774_1.rd.dst
Nihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00006177_1.rd.dst
/ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00009073_1.rd.dst
NIhcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00009968_1.rd.dst
/Incb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00001223_1.rd.dst
/Ihcb/LHCb/Collision25/RD.DST/00323827/0000/00323827_00007667_1.rd.dst

3881492491
3940802085
3885050189
3913368658
3909113224
3933443795
3898993792
3918976989
3924887242
3926926534
3911915332
3940137535
3885213037
39056235930
3933198160
3910474069
3926121707
3931957315
3930498588
3944937940
3882303621
3912332944
3932842437
3909626723
3934753314

Displaying

Run numbse
332307
332314
332308
332376
332307
332308
332307
332312
332315
332307
332315
332315
332310
332370
332309
332304
332312
332312
332327
332327
332370
332368
332371
332307
332313

Statistics:

Configuration Name
LHCb
Configuration Version

Collision25

Beam&800GeV-VeloClo

Processing pass

/Real Data/Sprucing25c¢

90000000

FileType:

RD.DST

412335401
Luminosit
1010711513.3744503

Maastricht University
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ept

t of State Geographer
©:2 "
)9 GeoBasis-DE/BKG

NOAATU.S.,NavysNGA; GEBCO

Running jobs: 236092
Transfer rate: 11.41 GiB/sec
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Bs -> puu: The needle in 10.000 haystacks

8.4
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Data from trigger + sprucing 0
(s)
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M(Bs) M(p-p+)

- Look for two muon tracks that ‘cross’ (make a vertex)
- The combined momentum must point back to the original collision point

% Maastricht University



Bs -> puu: The needle in 10.000 haystacks

8.4 o M,e
T
e, Data from trigger + sprucing ”
— ++’-++++'++++ B(s) ‘/Va
— ‘L++-++++ VA
— Ty, )
:_ ++++++++H_ i b - M’e
— ++H+++H~I+++H+
— ++++
— ++++‘+++
— +++++++++++H+++++
— Py
E ++H+++H-+H+4++
— Ty
E_ ++H'-I-+H'+ ot T
— E
- l | | ! i
M(Bs) M () ‘ ————————— -
~ B LHCDb —e— Data 7
o
0 40+ 2 Total o
~ -4 9 fb™! =
. B T 2
\. E BDT >0.5 ks -
\ — s B outu- -
\. Smart P — — el -
\_ — I pruy .
\_ analysts S| (R Bhh" -
T 20k X, —huv —
\<\ | 8 : ‘ Bb( )_)7[0(;:’)'“71— :
S | 4{-& n - d -
B o o + F § e Combinatorial o
¥ N < e i ¢ g
) ] 5 3T I
_|_ _ \d o y ‘ O _______________ ppe = Sa ¥ - 2 ad &K%
B(BS — U )LHCb Y (309 Bl 047) X 10 — . . . _ . . . O

] =
B(BY = u" 11 )tneory = (3.66 +0.14) x 10~ ‘ 5000 5500 6000
m,.,- [MeV/c“]
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2017 *LHCb limit

107/

2020
LHCb

2013 oo o
CDT limit CDF limit : limit
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| 2009
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Bs -> ee: The needle in 10.000.000 haystacks

LLHCb —3— 20112012 data

—— full model
- combin(e)ttorial
B B"™— D etv, decays

2019 LHC & SM Universal

New Physics | | Even more
Scenario suppressed!

100

N
-

B— Xe'te™ decays
I X,— h'e” V, decays
B— h™h'~ decays

Candidates / ( 120 MeV/c?)

1013 SM mp————

i S Iz +,— ) +
jo-tel BBem i) BBemycp) BB ete) 0774500 5000 5500 6000 6500
m(ete™) [MeV/c?]
, | 4m§ - , 2me , 2_
9550<|thth| (1 2)|CS_CS| +|(CP_CP)+ (CIO_CIO)l
M2 M,
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Anomalous rare decays - B0 -> K*0 p+u-

l—l T T ] 1 [ ) | E— ] T | T V_Va
LLHCb 8.4 fb!
. |SM from ABCDMN:2024

B33 SM from EOS (GRvDV:2022)

—4— LHCbS84fb"
- LHCb4.7 fb’
—4— CMS 140 b’

Preliminary:

._.lllllll

00.0.0‘,0" .

\ \ B N N ~
— | _ \=— \ RN

"\ \‘\‘ \ T S—— T —— - T —r—

\\ N\ 0 5 10 15

“+ ! N\ \\\ ‘.‘ 2 2 v
N\ Sep. 2025 g [GeV~/c?]
\\ \ ntt
\
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Effective Field theory

2.0 T —
Bs — pp lo | / 7
— Ry & R+ lo, 20 riavio

— b—sup lo, 20

1:9 -

rare B decays lo, 20

4ol =

bspp
10

05 - - Interpret all couplings as ‘effective’ interactions

Without knowing the specific propagators/forces!

0 - Certain decays sensitive to different set of couplings

—> B0 -> pu: sensitive to Cio (Cs, Cp)

05 - —> B0 -> K™0 pp: sensitive to Cg and Cio

L - Combined interpretation: far away from SM prediction

—2.0 ~15 ~1.0 —bo.5 0.0 0.5 1.0 (C9 = Cqp = O) —> favours Cog=-17
C/oskp

—> A consistent vector-like new force? What would it be?
% Maastricht University
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LHCb upgrade performance

Theoretical predictions challenging

Measurements limited by amount of data

Recorded integrated luminosity [fb ']

9

t

Total recorded luminosity by year — pp

2011 (7 TeV): 1.11/1b

= 2025(13.6 TeV): 11.81/fb b
_ m— 2024 (13.6 TeV): 9.56 /b LI‘{C
10 2023 (13.6 TeV): 0.37/fb m

= 2022 (13.6 TeV): 0.82/1b
= 2018 (13 TeV): 2.19/fb

] = 2017 (13 TeV): 1.71/fb

2016 (13 TeV): 1.67/fb

= 2015(13TeV): 0.33/1b
= 2012 (8 TeV): 2.08/fb

6 P

2010 (7 TeV): 0.04/1b

0
Apr May Jun Jul Aug Sep Oct Nov

Maastricht University

TOS efficiency, eros

LA L DL B R B R R IR LR

- LHCDb Preliminary HLT?2 Turbo 016
1.2 - P ki

- -1 2024 Hltl(Two)TrackMVA .

-~ Run 2 LOElectron + HItl1(Two)TrackMVA - 0.14
1.0 Fopg———————————————cce==- T mas
e o 2
0.8F e 7010

N T g
0.6 - Pha 1 0.08

i 7 4 0.06
0.4 F == ]

- =1 0.04
g™ 10.02
ool b v v L 1 0.00

S 10 15 20 25

Transverse momentum, pr(B*) / GeVc¢™!

.
o

.

MC candidates in acceptance / a.u.

—> Much more data now!
—> Exciting updates the coming years
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“From the basics to the bleeding edge”

Searching for extremely rare decays in LHCb
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Jacco de Vries . N
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