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See talks from S. Maccolini and D. Moise

Flavour Changing Neutral Currents .

« FCNC processes (b — s,d and ¢ — u) are forbidden at tree level in the SM

* In the SM they are allowed at loop level (penguin and box diagrams)
 Charm decays further suppressed (GIM mechanism)

« Sensitive to New Physics: new heavy particles can significantly contribute and affect decay
rates, angular distributions, and rate asymmetries
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Form-factors

| QCD challenges K@%
* Local form-factors ,ééi’"‘:f %

» Non-local form factors (¢ loops)
* Non-factorizable soft gluon corrections
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Observables

Branching fractions Angular observables Amplitude analysis
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Branching fractions

 Measurement in q2 bins
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« Beauty: remove J/y region and use it as

. systematic uncertainties

'+ Exploit y(2S) as control mode to check
procedure .
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Local operator

Wilson coefficient
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Full theory Effective description
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« Charm: conceptually similar
approach in DT — hZ ¢,

exploiting the ¢ resonance
1073

¢ | non-resonant SM

resonant SM

10751 p/u

10771

) / dqg? [GeV 2]

< 1074

e

[ 10—11_ \
T

+ —13
o 10

R 1015

0 1 2 31
¢* [GeV?]

~ [Mod. Phys. Lett. A 36 (2021) 2130002]




b — s£¢ branching fractions

* Since Run 1 branching fractions are [PRD 107 (2023) 119903]

systematically below SM predictions,
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Lepton Flavour Universality b
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Angular binned analysis

e Tensions in angular analyses

» Coherent pattern seen in exclusive b — sy u~

 Prefer shifts of effective couplings

e Dedicated branching fraction measurements
and angular analyses of di-electron modes

ongoing
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See also talk of A. Smolkovic on Global analysis of rare b — d and b — s decays_@ImplicationsWorkshop
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Unbinned amplitude analysis of B” — K “u™"u
* Disentangling hadronic contributions requires work from theory and experiment
 Difficult to calculate reliably from first principles, but progress from theory:
 Form-factors are systematically improved on the lattice [PRD 107 (2023) 1]
* More precise estimation of charm-loop effect [JHEP 09 (2022) 133]

« Can we access the non-local hadronic contribution (“charm-loop”) from data?

LHC Seminar

Amplitude analysis of B® — K*9u™ ™~ at LHCb

by Andrea Mauri (Imperial College (GB))

Tuesday 14 Nov 2023, 11:00 = 12:00 Europe/Zurich
Q 40/S2-A01 - Salle Anderson (CERN)



https://indico.cern.ch/event/1184945/contributions/5589005/attachments/2718017/4721444/CKM_Mauri.pdf
https://indico.cern.ch/event/1184945/contributions/5589005/attachments/2718017/4721444/CKM_Mauri.pdf

Unbinned amplitude analysis of B’ > K *O//t+,u

e Disentangling hadronic contributions requires work from theory and experiment

 Difficult to calculate reliably from first principles, but progress from theory:
 Form-factors are systematically improved on the lattice [PRD 107 (2023) 1]
* More precise estimation of charm-loop effect [JHEP 09 (2022) 133]

« Can we access the non-local hadronic contribution (“charm-loop”) from data?

- Perform (/2 unbinned amplitude analysis hon-local hadronic

» model local vs non-local contributions Watrix elementg
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https://indico.cern.ch/event/1184945/contributions/5589005/attachments/2718017/4721444/CKM_Mauri.pdf
https://indico.cern.ch/event/1184945/contributions/5589005/attachments/2718017/4721444/CKM_Mauri.pdf

Non-local contributions

Slide taken from the talk of A. Mauri at CKM23

[LHCb-PAPER-2023-032]

in preparation

= Combining theory & experimental information to constrain charm-loop parameters

Experimental measurements

Theory information / Branching ratio, polarization fraction and
Value of charm-loop at ¢ < 0 phase difference from B? — y, K"

» reliable for g? <« 4m?

|

PRD 76 031102(R) (2007)
PRD 88 052002 (2013)
PRD 88 074026 (2013)
PRD 90 112009 (2014)

JHEP 09 (2022) 133

[LHCb-PAPER-2023-033]
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[LHCb-PAPER-2023-032]

Results: Wilson coefficients [LHCb-PAPER-2023-033)

in preparation
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* Results consistent with the pattern _ _ .

e _.but non-local contributions are found to
dilute the tension with the SM observed

Combined tension ~ 1.4¢
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Results: differential BF and P

* Lower BF compared to LHCb Run 1
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* Very good agreement with binned
results

 Impact of ¢ up to 20%
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Prospects for Run1+2

| : 7 t_t=U tests |
K Exclusive

\ﬂ .
« R, with By > ¢CC
« R, with A, = ALC: first
measurement
+ R i with A, — pKZ¢: update with
2017+2018 data
 Non-exclusive multi-body decays

e Ry with BT —» Knnt't

'« High g? region in Ry and R,

o+ part reconstructed + mlsID

. BY > Knt¢ (outside K* resonance)

» Difficult background to control: y/(295)

[o B — K*€+€_

|

o 50 LHCb unofficial _: u
--- DSL 1 |
=40 H\\ === Combinatorial g

7 \ === Signal
Partially reconstructed .
\+ . :

Angtllar‘observables
: challenging due to bin
migration and bkg modelling

Toy (Run 2p2)

Unweighted

00 5000 5100 5200 5300 5400 5500 5600 5700
m(KTr~ete™) [MeV/c?]

|« B = K*u"u~ extra fit parameters:

massive leptons and scalar amplitudes

' » Binned (more bins and full dataset) vs
- Unbinned (study different models)
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Rare charm decays

Charm systems offer a unique opportunity to
search for NP

Only bound system made of up-type
quarks, complementary sensitivity to BSM
couplings wrt K and B decays

All processes involving loops are highly
suppressed in the SM:

Charm meson oscillation probability
very low

CPV effect tiny ( < O(107))
« Extremely rare decays ( < 0(107?))

FCNC
10" 10™ 10" 10"

VMD Radlive

10" 10° 10® 107 10° 10° 10*

Story of rare charm decays in LHCb

 2015: First observation of the decay D° - K=z*u*u~ in the p° — w region of

the dimuon mass spectrum

Phys. Lett. B 757 (2016) 558

 2015: Search for the lepton-flavour violating decay D° — e*u*

Phys. Lett. B 754 (2016) 167

» 2017: Rarest observed charm meson decays D° — KKuu and D° — zzuu

with branching fraction ~10~7

Phys. Rev. Lett. 119, 1818092017

« 2018: Search for the rare decay A} — putu~

Phys. Rev. D 97, 091101 (2018)

« 2021: Searches for 25 rare and forbidden decays of D* and D} mesons

JHEP 06 (2021) 044

* 2021: Angular analysis of D° — zzuu and D° - KKuu decays and search

for CP violation

Phys. Rev. Lett. 128, 221801 (2022)

 2022: Search for rare decays of D° mesons into two muons

arXiv:2212.11203v1 [hep-ex] 21 Dec 2022

» 2023: Search for D*(2007)°—> utu”in B~ - n u*u~decays

arXiv:2304.01981v2 [hep-ex] 5 Apr 2023
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]
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https://cds.cern.ch/record/2865646/files/Charm2023_Siegen_RareDecays.pdf
https://cds.cern.ch/record/2865646/files/Charm2023_Siegen_RareDecays.pdf

Search for leptonic rare charm decays

|

DO utu [PRL 131 (2023) 041804]
Very rare decay: FCNC + helicity suppression
Very clean experimental signature

Minimal hadronic uncertainties

Intermediate two-photon state: B ~ 10713 in

the SM —» & < 107! (Belle constraint from
DY — yy) [PRD 93, 051102(R)]

Using D™*
and D' — K~z as normalisation

No significant signal observed:

RBD - uTu)<3.1x1077 at 90 % CL
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‘M D™ — u ;4‘ [EPJC 83, 666 (2023)]
“ % ~ 10712 in the SM [JHEP 11 (2015) 142]

B~ — J/wK™ as normalisation

« Simultaneous fit to m(u*u ™) and m(z ut

* No significant signal observed: +

%k — — |
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Prospects for Run1+2

. Semileptonic decays: ongoing analysis in [PRD 101, 115006]
| D}y — h?¢ and A,

|

(2021) 044]

null tests:
e CP asymmetry

— plt

|+ First analyses looked for signal only in the non-
resonant regions [PRD 97, 091101 (2018)] [JHEP 06

« Another method exploited for D’ - 4body
decays studies the resonant region with clean

h * Angular observables

e —— —— — = ==

w= == [J-gpin limit

—  model 2

ASP(KYK™) - 108

—171 = model 5
model 9

—21 model 10(u) ///’

/ HFLAV
mm AAcp

NP
ACP

8 0.09 . ' E
g 0.08F LHCb simulation -
2 0.07F —D'oe'yr E
=t

Tuy
P kel CL iy

i R S SR I T S S
1820 1840 1860

1880 1900
m(ep) [MeV/c?]

[Phys. Lett. B754 (2016) 167]

More challenging: measure branching fraction and Ap in
radiative decays D — Vy (V= ¢, p, K*)

 Complement Belle measurements [JHEP 08 (2017) 091]

« Room for NP with Ap up to 10% with BF SM-like
[PRL 118, 051801 (2017)]

Final states with electrons:
e Search for D° — hhete™

. First LFU test with D(“;) > ¢p( - O)rt

1F



Almost infinite strangeness

A word on kaon rare decays production

at LHC (kaon xs ~ 1.2 barn)

e ——

| K¢, = putp utpT [PRD 108 (2023) L031102] |

= — e e —

K¢ — utp™ [PRL 125, 231801 (2020)

‘rf . SM prediction B ~ 10712 | . SM prediction Kg ~ 10714, Kg ~ 10713
| » Sensitive to different physics than K, — u*u~ ||+ Full dataset analysed

e Full Run 1+2 dataset analysed | * No significant signal observed:

« No significant signal observed: | BEK - ptp utp™) <51x10712

flis

BET - putu)=2.1;H x 1078

 Run 2: possible observation and investigation of
the full differential decay rate

= | ! ! ! ! | b b ) | -]
s 8F St putu LHCb =
+ +,,— % = ]
>t — putu~ [PRL 120, 221803 (2018)] ° 7 . Data =
_ _ To) - — Full model
e 4.1 o evidence with Run 1 data T F — -3 putu ]
4 = . : Background -
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‘Run 2 (2016-2018) data analysis ongoing: =+ — pu*u~
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Prospects for Run 3
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The upgraded LHCb experiment

new pixel detector

Most of the studies presented are limited by statistics

Major upgrade of all subdetectors

Higher instantaneous luminosity
L =2x%x10 cm™? s7!

— more collisions per bunch crossing (from 1 to 5 visible
interaction), while keeping the same performance

100% of the readout electronics replaced

New data acquisition system and data center

RICH

new PMTs, readout
electronics, optics

40 MHz readout
software trigger

Upstream Tracker
silicon strips

CERN-LHCC-2012-007

SciFi Tracker
scintillating fibres

Muon chambers
more shielding, upgraded
readout electronics

Calorimeters
reduced PMT gain, new

electronics

See talk from M. Vieites Diaz

@ImplicationsWorkshop
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LI-i;Cb Trigger
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Trigger yield (Arb. unit)
[3) n
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[
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design Run 1/

Ollll | Illlil II||I
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L1 L1 IIIII |||ll
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Luminosity (x 10%?cm™2s™1)

e Cannot effectively trigger on
heavy flavour using hardware
signatures

* Trigger for many decays with

hadrons and electrons saturated

already at Run 1-2 luminosity

* Solution: fully software trigger

with event reconstruction in real

time at 40MHz
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Expected improvements relevant for FCNC
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[ ] “ | . . .
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~ charm and tau physics better kinematic overlap with the
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£ L LHCb Simulation — B ~ ##_ . .
& 2107 B G  Calorimeter reconstruction and
TE ¥ N — il 1 electronID algorithms heavily |
S <107 S | improved compared to Run1/2 |
I Hﬁhﬁ"a . :
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« Expected to improve the decay time R ¥ 0 WL o SO, L
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resolution by 10% wrt Run1-2 | m(e'e) MeV/d
« Better track/vertex association ‘
LHCb-FIGURE-2023-010

« — lower combinatorial background — —



https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbUpgradeII
https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbUpgradeII
https://cds.cern.ch/record/2859403/files/main%20(5).pdf
https://cds.cern.ch/record/2859403/files/main%20(5).pdf

The golden channel: 5, — U p

B, mode well established, hint for BY [PRL128, (2022) 041801]
Plans for next measurements: Fer | e m P e S T R R, -
- E ILHCb —e&— Dala -
e L@(BO —> ﬂﬂ)/@(B;) —> //t//l) E 40 '_‘{ 9 fby! 'I'(t)mll e
- T>05 = B—-u'u =
o B(B)) = ppy 2 S —y :
« Effective lifetime and time-dependent CP :J” e i‘:,;lf,,.ﬂ 4 ]
asymmetry g 20 Xy =iy, =
= B sa™ g
The improved vertexing and momentum ",:;’3 e Ty cmnbinumfu.lu -
resolution will help in keeping the O + g
combinatorial background under control 0 SRR M
f/f, will probably be the dominant uncertainty ) 50'00 = 55'00 S 6600
with the Upgrade Il detector (300 fb~!) M., MeV/c?]
- Observable Current LHCb Upgrade 1 Upgrade 11
(up to 9fb~")  (23fb~")  (50fb~")  (300fb~)
| B(B = putu”) /B(BY = ptpu~) 69% [40,41] 41% 27% 11%
\:&Sgp (B = ptp) — _ — 0.2
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Impact on rare charm

e General gain from LO removal
« Better kinematic overlap of different modes
 Dedicated new trigger lines for better misID control

* Potential new limits on branching ratios* Upgrade 1, 2022-2030, and Upgrade 2, 2030+

Mode Runl-2 (1-9 fb 1) Upgradel (50 fb N Upgrade2 (300 b N
DY — 't L2131 x 1077 4.2 x 10719 1.3 x 10-10

DY s xtptp~  6.7x107° 10" 3x 1077

Df - Ktpu*tp~ 2.6x107° 10" 3x 1077

AY = putp 9.6 x 107" 1.1 x 107" 4.4 x 107

D" = e*put 1.3 x 107" 10 4.1 x 1077

A.Contu - Towards ultimate precision in Flavour Physics, Durham (2-4 April 2019)

» Statistical precision* on asymmetries:

Mode Runl-2 (1-9 fb~') Upgradel (50fb~") Upgrade2 (300fb~ ")
DY - ntutu~ 0.2 % 0.08 %

D’ -5 atn putpy- I38% 2% 1 % 0.4 %

D' — K ntu*p 0.3 % 0.13 %

D' - K'n u*p 12 % 5 %

D' K'K-pu*pn~ B% 6% 1 1.7 %

A.Contu - Towards ultimate precision in Flavour Physics, Durham (2-4 April 2019)

D. Unverzagt @Charm23 20
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Towards the ultimate precision

LHC schedule
fes | HCb Upgrade | === = | HCb Upgrade || ==p»

2027 2031 2032

2015 2019 2022 2025

>
beyond
P =4x102cm?s™! L =2x10¥cm?s™! P =15x10%*cm?s™!
9fb~! 50 fb~! 300 fb~!

| . VeryAchaIIenging Qoal: : | -
|

| » Operate at an instantaneous luminosity x7 larger than Run 3 conditions — PU~40

» Retain the same performance and the flexibility provided by the software trigger

. Accumulate 300 fb~! by the end of Run 6
e Detector features:

* Very similar layout as current spectrometer with major changes to all detectors
« Remove HCAL, add TORCH (for low momentum PID), magnet stations and muon shields

« Use of timing information to resolve primary vertices in the same bunch crossings
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What we can achieve with 300 fb~!

B(Kd-spu*u-ptu-)

D. Martinez Santos @Kaon22

Log scale NS

10—11 -

* 90%CL
e 080%CLatlo
SM
Dark Photons U(1)g+ S

FTDR-LHCbUIl, LHCC 2021-012

1077 4
Dark Photons U(1),+ §
10—13 _
90% CL. excl.
SM
10 1 I —
0 50 100 150 200 250 300
£ [fb~1]

Strange decays

KS decays unique to LHCb
Sensitivity on KB decays might

still compete with dedicated
kaon experiments

0.6 - =
Constraints at 2o
B(B-»X»w) L
B° s K*%+te= 23 fb-! Tl
0.4 7 BY - K*%te~ 300 bt h
BY —dy23M ! N
~ \
BY 5 ¢ 300 fb~! _ N
0.2 7 Ay = Ay 23 b~ N\ \
6‘ Ay = A¥ 300 fb ¢ . "\ 3
I \
~~. ,' 1/ 2 § —SP;[\\ 1 “
ORI e e e e
\) | \ / I I
‘;. ‘\ \\ \\__h,// // !
!
= \ \ o ;
et \ / ’
—0.2 1 \ . o &
. \ T 4
\
\ 7
\ b //
\ . -
044 ~.
flavio .
—0.6 T - T T
—-0.6 —0.4 —0.2 0.0 0.2 0.4 0.6

Re( _'4/ Cr)

High precision SM test thanks to

gains on electrons and better
neutral PID

LHCB-PUB-2018-009
& 2.5
QO i SM ]
&) 2:_ scenario |l E
< - scenario |
1.5 —
0.5F L W ]

=

-1 .
- 30 contours
L
-3 -2 -1 0 1
AReC,
Lines: Run3

Shaded areas: Upgrade I

Discriminate between
different NP models through
the comparison of the angular
distribution of dielectron and
dimuon final-states
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What about radiative decays?

Similar prons and cons as electrons — higher level quantities to be optimised to
recover efficiencies

Benefits from higher statistics and potential for large impact:
N ImC7eff: time integrated CP asymmetry, ACP(BO — K*y) ~ 2ImC7effImAC7

C5: currently dominated by B - K*e*e™ but nice complementarity with other modes
and the direct determination of the photon polarisation

0.50
1 Constraints at 1o
| — A) = Ay g T L I
0.25 - i — B(B—X,v) § 6000
' —\ B% — KQn% -
0 N BY — ¢y N
A 1 SML 0 *0 o+ o — Z
™ 000 A Ay W' =SS— —— BY = K*%Te ~ 4000
SY /3 % i
= _ \K ......... Global no A — Ay 2 u=149.45+0.18 MeV]
= 1 J / | .. Global *a' i
6=12.1240.26 MeV
o5 ] - K 20001 -
j i flavio 23 ] v
050 0 50 100 150 200 250
—0.50 —0.25 0.00 0.25 0.50 My [MeV]

LHCb-FIGURE-2022-019

[Phys. Rev. D105 (2022) L051104]
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Conclusion

(Tereie AlEDIE.
= INHERE. WE HAE
), ) TO DT,

www:Zgocompanies.com

Rare decays constitutes a unique environment to look for NP -

- — —— i ——— — = —

LHCb is giving major contributions in the beauty, but also charm and strange sectors |
Many LHCb measurements are world’s best, but there is still space for improvement with respect
to SM predictions and to reach NP sensitivity

New studies or update of some measurements are still expected with Run 1+2 data

LHCb Upgrade | (Run 3-4) is currently taking data and will allow to push some boundaries, but
rarer modes and differential BR measurements still expected to be statistically limited by the end
of Run 4

The full potential of the detector in flavour physics will be exploited with the Upgrade Il (Run 5
and beyond)

uJ
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Thanks for you
attention!
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Analysis overview

Slide taken from the talk of A. Mauri at CKM23

[LHCb-PAPER-2023-032]

[LHCb-PAPER-2023-033]

in preparation

=
=
= Same dataset of previous LHCb B — K Ou*u~ 2
. . — cl
binned angular analysis (Run-I + 2016) 4.7 fb~! %
1
» two g* regions: [1.1, 8.0] & [11, 12.5] GeV BN
° c'-c) narrow ¢ broad ¢ and
interference DD thresholds
= Six-dimensional fit oS T T e s
| | L) 4GV

» differential decay rate + invariant B mass to
separate signal from combinatorial background

Large number of signal parameters
> Wilson coefficients: Cg_Cig.Cy.Co [floated] + Cr. C- [fixed to SM]

local FF : [constrained to LCSR + latticeQCD)] suer 01 (2019) 150, Pos LaTTICE2014 (2015) 372

B
» non-local hadronic parameters H(¢*) (see next slides)
» S-wave (FFs + relative magnitude&phase)
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LHCb-PAPER-2023-032

Results: form-factors LHCb PAPER-2020.03

« Overall good agreement with theory, mild preference for lower F J_,||/FO

' L) L) L) L ] Ll
LHCb 4.7 fb™!

I L} L} 1 L} I L} ] d & 4 N A L A ' 1 L} L} L) l
= LHCb 4.7 fb~!

_‘ L] A L)
= 0.6 GKvD'18 + LQCD LHCb4.7 fb~! -
1 Fitresult ¢* > 0 only |
[ Fitresult ¢* < 0 prior

A L] L) l L] A
[ LHCb-PAPER-2023-032
- LHCb-PAPER-2023-033

L Preliminary (in preparation)




Results: charm-loop matrix elements

e Fit results compatible, some discrepancies in the imaginary parts
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A, = A(1520)u™u

[PRL 131 (2023) 151801]

* Previous measurement of the branching fraction & s = """ " " """ T T o
-~ 70 — Tota -
of the ground state [JHEP 06 (2015) 115] 3 ! Tl ) 609Gf51
. ] B A(1405) 1<4?<6.0 GeV?/¢*
e New measurement of the A(1520) in the pK < 50 - = 11600
% 40 W A(1800)
spectrum £
-
m

o Agreement with theory in high q2 region

« Significant disagreement in the low q2 region

A L A A A L

1500 1600

1 1

1700 1800
m(pK ™) [MeV/c?]

:\ 1 1 v 1 M v

3 =7 foussney -
107 EEE LHCb - Stat.  SYSL. £ AompK A and S~

y —— 91D , | P (

é - -_*_f _ q2 interval [GCV2/04] NA(152())#—#— dB(A; ‘4((1(11‘22())#-#” ) [10_8 GCV—Z(,A]
o™

L |

L 0 0.1-3.0 96 4 18 1.89 + 0.35 +0.19 + 0.36
l:. 102k | 3.0-6.0 138 4+ 18 2.42 + 0.32 + 0.17 + 0.45
= —4- Data o . 6.0-8.0 65 + 14 1.58 4 0.36 + 0.16 =+ 0.30

O

Q SMLFQM) [ JHEE 660923001098 2306 3] 11.0-12.5 59 + 14 2.07 £ 0.47 £ 0.26 £ 0.39
-’ - L] smarqm [ (2019) 136] . 15.0-17.0 12+ 5 0.57 + 0.24 + 0.13 + 0.11

< " sM(LQCD) [PRD 105, 054511 (2022)] ]
QL_Q SH55 SM (LQCD+DB) [JHEP 02 (2023) 010] 1.1-6.0 175 + 21 1.9540.23 £0.16 £ 0.37

-11 1 a 1 a . a a 1 "
g0 5 10 15
g* [GeV?/ ¢4
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Amplitude analysis of A, = pKy LHCb-PAPER-2023-036

In preparation

A, — pK¢t deeply investigated in LHCb:

I

1500

—A(1670) == A(1830) = NR((3/2)) 4+ Mac l

A(1405) = A(1800) A(2100) mterf. (1/2
- A(1520) A(1810) A(2110) B nterf |5
A(1600) - A(1820) - A(2330) mterf. (5
— A(1600) = A(1800) interf. (1/2)* <4+ Dat:

o LFU measurement RpK [JHEP 05 (2020) 040]
LHCb Run 2

‘wf"’ LHCb preliminary
J %N

I

1000

« Branching fractions [PRL 131 (2023) 151801]
CP violation measurement [JHEP 06 (2017) 108]

|

500

\\v"o.ight.ud candidates / [11 I\Ic\"'/ ]

« Hard to interpret due to poor knowledge of the pK

0
spectrum | . . . |
. . . . 1.6 1.8 2.0 2.2
 We can gain information in terms of resonance m.g(pK-) (G /<
St ru Ct ure. fractions interference fractions

o
—
o

l

| LHCb Run 1 and 2
LHCb preliminary

« Measurement with A, — pKJ/y with the
discovery of a new state P_.(4450)

._.
o
1]

._.

o

L
o

A, = pKy gives access to heavier states with

(Interference) Fit Fraction (%)

m(pK) > 2 GeV/c? 't
 Amplitude analysis: final decay rate is the sum over “; B total syt mu{m,m
b (\ll[! s\t unc. (A parameters)
A resonances and possible helicities 5 E st :i,nzz Statistical uncertanty
« Best model containing the A states with L < 3 plus SRECZz=sgsc-nnbzzozasc

e " e Y " " " et " " et " e P et et " et "t et " "t

il ” . - - . e ° . "

a non-resonant component with J© = 3/2 o ERERTEELE
dominated by external inputs FEDA3:

(mass and widths)
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The LHCb data flow

REAL-TIME

ALIGNMENT &
CALIBRATION

5 TB/s
30 MHz non-empty pp

5 — 0.5-1.5
PARTIAL DETECTOR -

FULL TB/s MHz
DETECTOR _> RECONSTRUCTION
READOUT & SELECTIONS '

(GPU HLT1) 70-200
GB/s

All numbers related to the dataflow are
taken from the LHCb

Upgrade Trigger and Online TDR
r mputing M | TD

e Detector data @30 MHz received by O(500) FPGAs
e 2-stage software trigger, HLT1 & HLT2

e Real-time alignment & calibration

e After HLT2, 10 GB/s of data for offline processing

—

FULL DETECTOR
RECONSTRUCTION
& SELECTIONS
(CPU HLT2)

—

10
GB/s

LHCB-FIGURE-2020-016

6%
CALIB
EVENTS

OFFLINE

PROCESSING

26%
FULL
EVENTS

ANALYSIS

tommm o PRODUCTIONS &
2.5 USER ANALYSIS
GB/s

68%
TURBO
EVENTS
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