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New physics

Historically many “New Physics” (of the time) discoveries have been made by
flavour physics
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. * Observation of B® mixing in 1987
FIG. 3. Angular distribution in three mass ranges ° Imp|IEd that mt > 50 GeV
for events with cos6 20,9995 « Top eventually discovered in 1995

Entirely unexpected discoveries can lead with mass ~175 GeV

to profound changes in understanding * Low energy phenonmenais
sensitive to heavy particles




Still plenty to learn about QCD
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CP violation
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Every thing remain consistent with the SM picture
How does that relate to other information which tells us that NP must exist?
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Flavour anomalies

Currently a few results are in tension with the Standard Model
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“LHCb is a forward-arm spectrometer optimized for doing B-physics”
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LHCb

Discuss the capabilities of our current detector
How that impacts the physics we do:
Their precision

Analysis strategies AN
( Some limitations N
/ Show the anticipated capabilities of our future \\\ \
| |
¢ detectors \ Y

u]—._j! \ \

O e

“LHCb is a forward-arm spectrometer optimized for doing B-physics”
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Production

The majority of prairs are
bb production produced in the forward direction.

1.4 x 10 bb pairs per fb't (Run2)

Our detector is instrumented in
2<n<5

All species produced
B*B°B, B, A, 2, -
+ charm

LHCb MC
s = 14 TeV + strange

+ all the ones we are yet to
observe

5
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Data sets

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018
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Data sets

Rules of thumb for scaling yields :

Due to cross section increase and trigger changes
N _{2011->2018} ~ 6x N_{2011 -2012}

N_{2011->2018}~ 2x N_{2011->2016}

Data on tape: 9fb?!
Run1~3fb @ 7,8 TeV
Run 2 ~ 6fb @ 13 TeV
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Luminosity levelling

Operate at continuous luminosity

w
o
o
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Beams are displaced and brought together
as the proton concentration decreases.

N
[
o
o

Rate chosen to give ~1 pp collision per
bunch crossing.

-
o
o
o

-
o
o
o

Instantaneous Luminosity (ub™.s")
=
o
o

* Operational stability

| ; . e Constant trigger rates

of bl L i « Constant multiplicity = constant
detector performance

e Less integrated luminosity collected

500
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The detector

ﬂ it —{ TRACKING
| “Pa’r’ticle identification
/ A Charged & Neutral
Magnet N Ml
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Tracking performance
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Charged hadron identification

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

Innermost Layer... » ...Outermost Layer
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RICH detectors
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The RICH detectors use the properties of
Cherenkov radiation to separate the particles

2
l 1+ @ some of the first reconstructed

1
cosbg = — = .
nd n p RICH rings

Sneha Malde Int. J. Mod. PhVS. A 30, 1530022 (2015)
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Hadron PID performance
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LHCb
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Can maintain high efficiency for low mis-ID rates

Sneha Malde
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Impact of hadron PID
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LHCb Run 2 trigger

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

450 kHz 400 kHz 150 kHz
h* p/pp e/y

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online
detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

\/ \ \
12.5 kHz (0.6 GB/s) to storage

Sneha Malde

Flexible trigger system

Low thresholds : e.g P; (u) > 1.8 GeV
Allows for hadronic decay triggering
Calibrations and alignment run online

Many exclusive selections

18



An example of data

* |P, decay time resolution
* Momentum resolution

* Hadron PID Mass Res: 15 MeV
* Trigger
U B B—->DK Run 1 — B-DK i
> s>br LHCb
0) %k
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-) —— Comb
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Phys.Lett 8760 (2016) 117

.............




Flavour Tagging

A number of algorithms to determine

SS pion whether a neutral B meson is a

SS proton
SS kaon (for BY)

®—

o s />‘ OS kaon
b—c /

Uncertainty on time-
b— X1 \ 0S muon ]
oselectron  dependent asymmetries

Effective tagging power, € is
determined

o o~ 1/V(eN)
T P S
BO>D*D- 8.1+0.6% PRL 117 261801 (2016)
B> D* uv X (2012) 2.46 + 0.04 % EPJC 76 412 (2016)
B, =J/W KK 4.73 £0.034 % EPJC 79 (2019) 706

Sneha Malde

particle or anti-particle at production.
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Flavour Tagging

PV

5 pion g i ot e Tagged mixed
SS proton ; - IS 3 o Tagged unmixed
u g SS kaon (for BY) = 4001 : 5 o
> ‘ @ — Fit mixed
*S—é : g e Fit unmixed
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----------------------------- S 2001
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oraymode e
BO>D*D- 81+0.6% PRL 117 261801 (2016)
B> D* uv X (2012) 2.46 £0.04 % EPJC 76 412 (2016)
B —2J/W KK 4.73+0.034 % EPJC 79 (2019) 706
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Charged lepton identification (u)

Muons traverse the full detector. High identification efficiency.
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Charged lepton identification (e)

* Muon and Electron tracks are different in
LHCb

* Interactions with material and
bremsstrahlung emission.

* Muons have better PID and trigger
perfomances

LHCb 2011-2016 LHCb 2011-2016
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Neutral particle identification (y)

* Efficiency of detection and energy resolution for neutrals
not as good as charged tracks.

 Nonetheless we can reconstruct a variety of signal decays
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Calibration of the photons is good




Neutral particle identification (t°)

O AN 'L'H'C'b': * Two categories dependent on the
> 3 -
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£ 40000 -
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o ! ]
520000_ .
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Controlling uncertainties

* Detector can easily be a source for a number of asymmetries/biases.
* Simulation is not perfect, and generating large amounts of becomes difficult
* Active use of faster simulation techniques

* Regular magnet polarity reversal — averages the small differences between the
halves of the detector

* Data-driven corrections and measurements for detection asymmetries,
efficiencies is key

T-stations

J/W—-pp
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Let’s take a look at some current results®

* New results will be shown in other talks
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CP Violation : v
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CP Violation : ¢,

_— ‘/ts—{{) - * The measured phase is ..
‘Z: "j; VesVe « @, ~-2B, (if no penguin)

‘ Expected to be very small in SM :
~O(\?) . =37.04 + 0.64 mrad

1

* Results remain consistent with SM
Requires a time-dependent angular analysis

Yield ~ 117K GPD’s can trigger on di-muons
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CP violation : Charm

Soft it detection and

) production asymmetry.
Detection asymmetry Independent of the

§ ' 2> 0as the final states are subsequent decay (If the D*
2 s000] symmetric and m kinematics are
~ o0k Mo’ - kx reweighted to be the same)
N ‘ 7| Comb. bke.
S 3000F
Q X
5 2000F 4
he) - —
1000 = {— -+
i AAcp = (=154 £2.9)x10

2005 2010 2015 202C
m(D°7z+) [MeV/c?]

arXiv:1903.08726 Phys. Rev. Lett. 122, 211803 (2019)




Charm mixing and CPV

Prompt Semileptonic
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New result on A will be shown on Friday




Rare Decays
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LFU : R,

New particles at tree level can compete with SM loop diagrams ¢ &
and alter B(B R hllll) o,; S s

Precisely predicted in the
SM (away from p p
phasespace limits)

" B(B—hiyl,)
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dilepton opening angle [rad] q° [GeV-ict

arXiv:1903.09252 Phys. Rev. Lett. 122 (2019) 191801



LHCb can do more
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Low mass spin-1 boson searches

Search for dark photon using full Run 2 dataset

* Limts set on kinematic mixing parameter between the photon and

dark photon
* Prompt and displaced decays considered

* World Best limit set on prompt production in range 10.6<m< 30 GeV

90% CL exclusion regions on [m(A’),&?]

I !
)
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1077 Bt LHCb prellmlnary ] LHCD prompt-like
prompt-like A’ search LHCb (2016 data)
L BaBar+KLOE+CMS
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We look forward to the results using the full Run 1 and Run 2 dataset
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What comes next ?

- 3 ;

= LHCD Trigger * With our existing detector, time to
S Run 1/2 :

o25- M double yields becomes too long.
< | Aoy

D o Yvyo * Running at higher instantaneous

Q . . .

= ODK luminosity not a good idea:

S1-5[

o . .

= * Moving to higher occupancy leads to

I

Hadronic degraded performance

o
o
|
3

°

Limited radiation hardness of
trackers

0 llllllllllllIllllllllllllllllllllllllllllll

T 15 2 25 3 a5 4 45 5
Luminosity (x 10*?cm=2s 1)

Hadronic decays will not benefit
much
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LHCb upgrade

LHCb —— LHCb Upgrade |
—— BT
§ La-8M LS2 £=2x10% _3’5'2."'.';""'“““’ ——> [ ~50fb" LS4
2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
LHCb Upgrade | T_ LHCb Upgrade I(b): incremental
installation starts improvements/prototype detectors
[ New silicon ] [ New optics, newJ [New electronics]
Pixel detector ) | Photon detectors * Essentially a brand new detector able to

cope with the higher occupancies of
running at higher luminosity

* Removal of the hardware trigger 2
hadronic decay modes selection will
significantly increase in efficiency

New silicon | [New scintillating New electronics @
strip detector fibre detector

Sneha Malde

38



Trigger in the upgrade

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate )
(full rate event building) * Runl &Il :Separate out signal from

background

-Software High Level Trigger

Run 3: 24% of events will contain charm & 2%
of events will contain beauty

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

L

Buffer events to disk, perform online e Separating the signal we want, from the signal
we don’t

detector calibration and alignment

2O

. ~
Add offline precision particle identification  Volume of data also a challenge

and track quality information to selections

Output full event information for inclusive ) . )
triggers, trigger candidates and related| ¢ Qutput trigger candidates and related primary

primary vertices for exclusive triggers ) . .
/ vertices for exclusive triggers

P P U
2-5 GB/s to storage
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LHCb Upgrade vs Belle Il

Observable Current LHCb LHCb 2025 Belle 11
EW Penguins
What LHCb shows Ry (1 < ¢ < 6GeVic?) 0.1 [274] 0.025 0.036
Ri- (1 < ¢ < 6GeVicY) 0.1 [275] 0.031 0.032
R,. R,x. R, 0.08, 0.06, 0.18
There will be CKM tests ~
. v, with B! - DF K~ (T25)° [136] 4°
Competltlon between ~. all modes (::::2\' :1(57: 1.5° 1.5°
these two sin 23, with B? — J/¢K? 0.04 [609] 0.011 0.005
. o, with B? — J/vo 49 mrad [44] 14 mrad
experlments os. with BY — DFD; 170 mrad [49] 35 mrad
o>, with B — oo 154 mrad [94] 39 mrad
. a, 33 x 107 [211] 10 x 10~*
Fully chf‘:lrged modes: Vas/IVis 6% [201] 3% 1%
advantage of higher B(BY — p*p~)/B(B? = p*p~) 90% [264] 34%
. TBO .4 22% [264] 4
signal and lower BY - g ° el S
back -
ackground b — cf~ LUV studies
R(D*) 0.026 [215,217] 0.0072 0.005
All B species are R(J/¥) 0.24 [220] 0.071
. Charm
available to study at AAcp(KK —=7) 8.5 x 104 [613] 1.7 x 104 5.4 %104
LHCb Ar (=~ zsing) 2.8 x 107 [240] 13 x107° 35x107"
rsing from D° - K7~ 13 x 10~ [228] 3.2 x 1074 46 x101

rsin¢ from multibody decays (K37) 40 x107° (K%x=)1.2x10~*
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LHCb Upgrade vs Belle Il

Observables Expected the. accu-  Expected Facility (2025)
racy exp. uncertainty
UT angles & sides
What Belle Il shows o [ 0.4 Belle 11
é [l - 1.0 Belle 11
¢ [°) s 1.0 LHCb/Belle 11
|Ves| inel. 1% Belle II
[Vs| exel. " 1.5% Belle 11
. ] |Vis| inel. - 3% Belle I1
Choice of modes is Vs | exel. v 2% Belle 11/LHCb
. . CPV lolat!:))n -
dominated by final states S(B - 9K°) 0.02 Belle I1
S(B— ""3‘03 ) *ee 0.01 Belle 11
1 1 A(B — K"z")[1077) ans 4 Belle 11
including neutrals and P Tl oA - P e
H : (Semi-)leptonic
missing particles, where BB 00 3 Betle 1
. B(B — pv) [10~ o % Belle 11
Belle Il has comparative R ol o S
R(B — D*1v) e 2% Belle 1I/LHCb
strengths Radiative & EW Penguins
B(B = X.,v) - 4% Belle I1
Acp(B— X, qy) 1072 = 0.005 Belle 11
S(B - K2x%) sse 0.03 Belle 11
S(B - py) = 0.07 Belle 11
B(B. — 7y) 1079 * 0.3 Belle 11
B(B — K*vp) 1079 sse 15% Belle 11
R(B - K*tf) *xe 0.03 Belle I1/LHCb
Charm
B(Ds — w) 0.9% Belle I1
B(Ds — 7v) e 2% Belle 11
Acp(D° = A%’.x") [1072] = 0.03 Belle 11
lg/pl(D° = K3x*x") see 0.03 Belle 11
Acp(D* 5> x*x%) 102 0.17 Belle 11
Tan
T = py 10719 *e <50 Belle 11
T ey 10719 e < 100 Belle 11
T — ppp [1071° *oe <3 Belle II/LHCb




Upgrade 1

LHCb —— LHCb Upgrade I LHCb Upgradell ——
___M---E!_- | Run6 | '
§ ra-smr 02 £=2x10% A e ATAS ——— L ~50T" LS4  £=12x10% LS5 > Lo~ 300 fo
upgrades CMS Phase 2 unarades
mmmmmmmmmmmmmmummb
LHCb Upgrade | T_ LHCb Upgrade I(b): incremental
installation starts improvements/prototype detectors

&

* Beyond 2030 — HL-LHC

» Upgrade Il will collect 300fb-* to fully
exploit HL-LHC

* All subsystems being further
upgraded, use of new technology to

Fraction of events [%]
N
N

. 15 Single plane resolution 20 ps
keep high performance JECTLE Single plane resolution 50 ps
10 ieiee No timing information

* Use of timing information to mitigate
pile-up — all collisions in a bunch . e

. . 0 a
crossing don’t occur at the same time 0 20 a0 60
Number of incorrect vertices included in window

F..h-l.*.‘
W .




Upgrade 1

LHCb —— LHCb Upgrade l I.I-ICb Upgradell ——
_—_M---E!_- | Run6 | '
E L~ 8 fb! m.wI"S2 . L£=2x10% gmmw — [ ~50fb! LS4 1=12x10%¢ LS5 > L.~ 300 fb
uparades
2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | mmmmnmm)
LHCb Upgrade | T_ LHCb Upgrade I(b): incremental
installation starts improvements/prototype detectors

Response to this project has been very positive. Eol and physics case have been
submitted

The LHCb Upgrade Il was approved by the LHCC to proceed to a framework TDR

European Strategy Briefing Document: Strong support for project in the
document (released last week)

"The LHCb Upgrade Il... will enable a wide range of flavour observables to be
determined at HL-LHC with unprecedented precision”

htg:/Jeds cer.chirecord/2691414




Upgrade Il physics reach

+33.0 x 104 +5.4 +49 +28.0 x 10°° LHCb
Current
+1.5 +35.0 x 10-°
— lﬂl.ﬂc'MS
+10.0 x 10~ +1.5 +14 +4,3 x 10~ LHCh < Upgrade
A A A —_— ——
2025
+22
< Upgrade Il
+3.0 x 10" +0.35 +4 +1.0 % 107
- - L] —
az y(] ¢s [mrad] Ar HL-LHC
+10.0 +2.6 +90 LHCb
Current
Belle Nl
+3.6 +0.50 -
—_— —_— ATlﬂMS

+£2.2 +0.72 +34 LHCD < Upgrade

A A T —
2025
+21
< Upgrade Il
+0.70 +0.20 +10
-_—
HL-LHC

R (%) R(D*) [%) gt (%]



Conclusions

sinap ‘&Am, A

Now i , : * The precision that will be
. ’ 1 reached by LHCb in a number
“ : of measurements will continue
el R R R B to be more precise

SE L 3 * New channels will be accessed
Upgrade  ="f! 3
. N 3 * New Physics?
-0 o2 oo o2 ‘-‘ L} os oae 10
4 “win2 A, & Am, e i
Upgradell . E
Vi

»
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Tracking at LHCb

Upstream track

’
/

-l Long Track

~

Downstream track

...
S
VELO - T Te—
~§
s\
—

VELO track

T1 T2 T3

* Long Tracks traverse all tracking detectors before and just after magnet

* Highest quality for physics analysis - good IP resolution and momentum
resolution

* Other track types are also employed for analysis specific reasons (e.g long
lived particles like K. and A also use downstream tracks
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