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SPD/PS
Magnet RICH2 M1
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@ General purpose detector with forward geometry

+ions, fixed target, MOeDAL, CodexB ...

+ VELO close to interaction region moveable:
+ Excellent hadron PID

+ Flexible software trigger (CPUs)

[JINST 3 So8005] [IJMPA 30 07, 1530022]

LHCb MC
(s =14 TeV

/2
6, [rad]

— Reconstruction of neutrals

(=) Hardware trigger


https://doi.org/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1142/S0217751X15300227

[2305.10515 [hep-ex]]

/ / L

/ / Side View HCAL

// ECAL L M S
[/ Magnet SeiFi  RICH2 M2
Tracker

Upgraded LHCb Detector

\ \ [Detector channeis ] [R70 Etectronics |

upgrade
Same as before? Not quite...

@ New tracking detectors @ Average visible interactions ~1— ~ 5

@ New RICH photo-detectors
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@ VELO strip — pixels; 5 — 3.5 mm to beam

@ Detector readout @30 MHz (] Heterogeneous software trigger



https://arxiv.org/abs/2305.10515
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Side View

M
Magnet & von

Magnet Stations TORCH PicoCal
i 2

LHCb Upgrade Il

[1808.08865 [hep-ex]]

Run 1 Run 2 Run 3 Run 4 Run5 _Run6
T T T T T
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“E 200 y
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@ Timing (VELO, RICH, TORCH, PicoCal) @ Average visible interactions ~ 50

aligned time [ns]
~0070

—0075
—0080
0085

—0.090

@ Pixel in UT, inner part of Mighty Tracker @ Full GPU software trigger(s)? Co-processors?

@ Low p track reco in Magnet Stations @ Currently under review


https://arxiv.org/abs/1808.08865

Upstream track
T1 T2 T3

VELO L— Long track
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https://arxiv.org/abs/2211.10920

=% decay vertex =" decay vertex A decay vertex

Primary Vertex (PV)

Not to scale!
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Primary Vertex (PV)
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[LHCB-TDR-016]

Partially reconstructed signals

—
N 10, LHCb Simulation
Q I E A 008407 LHib e .CMS H.L LHC
- LHEo Run3 ecusHL
bcn E 1E o , LN | o 1.00E+06 ARz e @ NLASHLLHC
~r E ] uperNova
2 ® © 06000909 = ' . a @ 1.00E+05 | ’"“‘S/CT;“ s
o S| A fee ]
© w 10 E A 1 u : oo, % 1.00E+04 AcE®
= + E A "ag,l £ e nsncoI/0 1
O m - Al A § 1.00+03 o v ’
(- -2 CDF/DO BaBar DUNE
m 10 E o )
%’0 E e BEAUTY A A i 1.00E+02 H{i:z ® e
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= E e STRANGE —0 + T 1.00E+00 T T T T T
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B — year
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=)

@ Charm signal rate is O MHz in the LHCb acceptance
@ We can Onl.y store ~ 50 kHZ in total if we store the raw event

@ Need fast, efficient and precise reconstruction in a flexible trigger
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[LHCb-DP-2021-003]

32 Tb/s

|
lnm

327Tbss |

ffl

[ vewo ||
| | l I I [ ] | l [ ] ]
Experiment

rny

i g i i isz;z e B i System
(ECS)

~2000 full-duplex
control links
(Versatile Link)

Event Builder Timing
rk ¢ | and Fast

Netwoi |
(InfiniBand 200G) 1 Commands

(TFC)

~170 servers: DAQ + event builder + event filter first pass (~340 GPGPUs)

Buffer storage
Network
(Ethernet 10G/100G)

Up to 40 PB disk storage

Event filter second pass (up to 4000 servers)
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30 MHz non-empty pp
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The majority of lines persists only the
reconstructed objects that define a
signal candidate

("TURBO" dominated by charm physics)

ObjECtS Written tO tape/disk , including encoded
data from the detectors ("raw banks") AF€é CO nﬁgu I‘able
for each line individually

Inclusive lines select signals partially,
and persist further objects ~» build
decays that involve the partial signal

0fﬂ|ne e.g. detached J/y — y’,u for b decays

Exclusive lines select the full decay of
interest online

TURBO reduces event size by order of
magnitude w.r.t. raw event
~> more signal offline!

[JINST 14, Po4006]

HLT2
candidate

Increasing persisted event size
Decreasing information

Raw banks: VELO RICH e ECAL


https://inspirehep.net/literature/1723258
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[LHCb-DP-2023-004 (in preparation)]

@ Reconstruct charged hyperon from downstream tracks and match its trajectory to VELO
track

o RAPIDSIM: ~ 70% of =~ from =} — =~ x*n* decay downstream of VELO - - 600 rm.p > 32 .
e Study performance with 2018 =7 — =~z x" data and simulation

p

A decay vertex
Vo - = decay vertex e ——
@ -~ = decay vertex -

T

10’ Candidates / Mev

VI LAt

50 T s F T T T T
LHCb 2.0b™" —— Full model LHCb 2.0fb™" —— Full model

4o | Standard reconstruction e o E Tt o | VELOmatching e o Z Tt
Background Background

10° Candidates / MeV

o " 1 L
2420 2440 2460 2480 2500 2520 2420 2440 2480 2500 2520
m(Z"x*x*) [Mev] m(Z"xtx*) [Mev]



https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-DP-2023-004.html

[LHCb-DP-2023-004 (in preparation)]

Improved IP resolution allowed to write inclusive =~ and 2~ HLT2 lines

3 6000 T T T T | 3 6000 T T T T =
= LHCb2.0fb™" —— Full model = LHCb 2.0fb™" —— Full model
g 5000 F VELOmatching e Zt>zaw'wt ] 5000 b standard reconstruction e o = ottt
5 Background = Background
T 4000 | 4 g 4000 | 3
3 38
g 3000 |- - 3000 4
e} 2000 |- E 2000 | E
(S}
= 1000 [ E 1000 | E
m 2420 2440 2460 2480 2500 2520 2420 2440 2460 2480 2500 2520
c m(Z " ntn*) [Mev] m(Z " xtn*) [Mev]
o 0.24
o 0.22 = ' ' !
“E ! ! £022 £ LHCD simulation  [7 E
() £ 02 F  LHCD simulation Z 02 b VELO matching PT""‘P‘ 3
— £ 018 | Standard reconstruction Zois b From = (1> 0.2ps) 3
c 2016 Prompt 0.16 £ % y (t>02ps)3
(@] From =7 (t > 0.2ps) 0.14 E
e —— From Z; (t>0.2ps) 012 E
Q 01 f E
o 0.08 F 3
> 0.06 £ E
— 0.04 E
X 0.02 E
0 0
< 0 2 E - - 0 2
o log(IP /mm) log(IP /mm)
n
Q

o In Run 2: Equivalent lines only kept 1in 20 triggered events due to bandwidth constraints

@ Also measured improvements on mass resolution in =~ " subsystem,
and signal-to-noise ratio as function of pileup



https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-DP-2023-004.html

@ Strange physics with VELO matching:

e VELO matching allows to close kinematics for decays like =~ — Au~v,
o Improve 3% — pu™ ™ double stats relative to [PRL 120, 201803 K mass with K* — ¥~

@ Feasible to reconstruct = and X~ from c or b?

@ For decays in VELO: "kink" reconstruction; also: add hits to downstream decay products
~> improve K¢S and A reconstruction

o Use T traCkS e.g. A from T tracks matched to a =~ VELO track

@ Use upstream tracks ~» hyperons in RICH1 50

~ 25% of =~ decay downstream of TT/UT

6c [mrad]

@ Hyperons can decay after SciFi; RAPIDSIM: “©

2.8% of X~ from A) — JlyZ ", 30
27%of =~ from =) - =" x*n".
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@ Downstream tracking available in HLT1 now:

VELO matching would become main method
to reconstruct charged hyperons o
if VELO matching is implemented in HLT1.
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https://doi.org/10.1103/PhysRevLett.120.221803
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Fundamental parameters Polarization

Spectroscopy

- SM: CKM complex phase, QCD 8-term

- Baryons more difficult than mesons

- AAcp-like observables 1206.4551 [PRD 99, 0330051 [EPIC 79, 4201

- SCS decays or time-dependent CPV in CF and
DCS modes via neutral kaons pHep o3 (2018) o661

@ The four main topics are deeply connected.
Polarization and CPV measurements are sensitive to physics beyond the standard model.
However: They cannot be fundamentally understood without proper decomposition of the
contributing amplitudes (involves Fundamental parameters and Spectroscopy)

@ LHCb collects samples of charm baryon decays that are unique in statistics and fidelity
(] UnriValled for many modes, but Struggling Wlth others see "Selections"; discuss concrete prospects during the workshop?
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https://doi.org/10.1007/JHEP11(2015)067
https://doi.org/10.1140/epjc/s10052-010-1420-5
https://doi.org/10.1007/JHEP12(2019)148
https://doi.org/10.1103/PhysRevD.103.072003
https://arxiv.org/abs/1206.4554
https://doi.org/10.1103/PhysRevD.99.033005
https://doi.org/10.1140/epjc/s10052-019-6925-y
https://doi.org/10.1007/JHEP03(2018)066

[PRD 108, 012023]

@ Goal: Measure polarization vector in A — pK~ " from semileptonic b decays, including
sensitivity to polarization S = |a|/+/3 with decay asymmetry parameter

_ |7'{1/2,o|2 - |7'{—1/2,o|2

g a= l(H1/2’0|2 n |7_(_1/2,O|2 for each resonance
g o Amplitude model of AY — pk~x*, & 2T~ T T T T T T T 10.*2
= parameters of A(2000) byproduct 8 18F Ij__g?k?l : -)
g @ 2016 data reduced to E 1'6;_ ' 7 g
(e 400k events (~ 30%), fokg = 1.69% | 1-45_ 6 =
Tl;' @ Amplitude model: 6 excited A, % 1212 5 <Tf
é 3A* and 3 K™ resonances; : 4
A(1405) as Flatte, 0.8F 3
+TU K5 (700) and K;(1430) 0.6F 2
< as simplified Bugg 0_4;— 1
0.2 ! . 0

4
mP(pK") [GeV?]



https://doi.org/10.1103/PhysRevD.108.012023
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Candidates/ 0.063
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— Data — Model — 4(1232)"*
— A(1700)"* —K'(892) K (1430)
— A(1405) — A(1520) (1600)
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[PRD 108, 012023]


https://doi.org/10.1103/PhysRevD.108.012023

Resonance a Stat. Unc. Model Unc.  Syst. Unc. [PRD 108, 0r2023]

Model /35 0.662 0.005 0.010 0.007
- K*(892)° 35  0.873 0.010 0.023 0.003
< A(1405) -0.58 0.05 0.28 0.01
<EE A(1520) —0.925 0.025 0.084 0.005
Q A(1600) —0.20 0.06 0.50 0.03
n A(1670) —0.817 0.042 0.073 0.006
e A(1690) —0.958 0.020 0.027 0.006
g A(2000) 0.57 0.03 0.19 0.01
+ A(1232)** —0.548 0.014 0.036 0.004
| R A(1600) 0.50 0.05 047 0.01
N A(1700)** —0.216 0.036 0.075 0.01
Q. K3 (700)° 0.06 0.66 0.24 0.23
T K3 (1430)° —0.34 0.03 0.4 0.01

+ o

A

@ Measurement dominated by model systematics

@ Large A polarization found: good polarimeter mode

@ Mass and width of A(2000) found to be 1988 + 2 + 21 MeV and 179 + 4 + 16 MeV


https://doi.org/10.1103/PhysRevD.108.012023
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[JHEP 07 (2023) 228]
Take transition amplitudes from AmAR (ero 10, 020251 and apply Dalitz plot decomposition tero 101, 0340331
1/2
TVQ,{/‘} = Z DV{),: (¢, 07X)AV,{/\} (K) with spin projection v, the combined index for final state helicities {A}, Wigner D matrices,
v

Euler angles in Z-Y-Z convention (¢, 0, x ), transition amplitude in the aligned configuration A, and kinematic variables k (= (m? (K™t m?( pK)))

Relation to matrix element: IM |2 = g %V(f),vo T:/ A} TVO,{A} with spin density ma(r'\x*)(vé_m =1+P- d\/:’ vo!
0> (3
VO’Vé’{/‘}

polarization vector P and the Pauli matrices 5‘5, "
00

After some algebra: |/M (¢, 0, x,k)|> = Io(k) (1 + Z PiRij(¢, 0, x)aj(k) |, with total

ij
differential decay rate I,(k) and I, = Z |Av,{;‘}|2, and the aligned polarimeter vector
v.{A}
a(k) = Z A:/’{,\}a'v’,vAv,{/\} /IO(K)
v/, {A}

The polarimeter vector is a model-agnostic representation for polarisation dependence of the
decay rate.

Code available in zendoo repository


https://doi.org/10.1103/PhysRevD.108.012023
https://doi.org/10.1103/PhysRevD.101.034033
https://doi.org/10.5281/zenodo.7256812
https://doi.org/10.1007/JHEP07(2023)228

[JHEP 07 (2023) 228]
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https://doi.org/10.1007/JHEP07(2023)228

Summary

LHCb has a unique potential due to
large production cross-sections and
high instantaneous luminosity.
Because of that, we can’t afford to
store every event to disk; we need to
be smart in what we save!

New methods of reconstruction can
open up new possibilities.

Many decays are not analyzed yet, and
input from/collaboration with theory
is very welcome! Searches for physics
beyond the standard model will re-
quire "bread and butter" inputs from
spectroscopy, measurements of life-
time, branching fractions and decay
asymmetry parameters.




