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Content

= Why does LHCb need upgrade(s)?
= What is the plan?

= How does it affect spectroscopy studies?
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The current (past) detector JINST 3 (2008) S08005

, Int. J. Mod. Phys. A 30 (2015) 1530022
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Detector performance
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Operation

» Successful data-taking 2010 — 2018: integrated luminosity of 9 fb'.
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Pentaquark: example of Run 1+2 physics

world
. TOP10
= Observation of two pentaquark states Pc(4380)+ BREAKTHROUGH
and Pc(4450)+ in Ap, = J/Y pK~ decay in 2015

!

&l

» With more (Run 1+2) data, the yield is an order of
magnitude higher = more structures revealed!
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Motivation of upgrade

= More data, higher discovery potential!
= Why not fully exploit what LHC offers?
o Saturation of hadronic trigger at higher lumi due to 1MHz hardware trigger

o Performance degradation with increase of detector occupancy

o Limited radiation hardness of trackers
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Goal of upgrade Phase |

= More data, higher discovery potential!
= Why not fully exploit what LHC can offer?
o Saturation of hadronic trigger at higher lumi due to 1MHz hardware trigger

o Performance degradation with increase of detector occupancy

o Limited radiation hardness of trackers

= Increase the instantaneous lumi to 2 X 1033 cm?2s' (5 X now)

= Remove the 1 MHz hardware trigger
o All detectors read out @ 40MHz = new FE electronics & readout network
 Flexible software trigger entirely on a CPU farm

= Sub-detectors work at higher lumi

o High granularity for higher occupancy

o Radiation tolerance
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The way ahead - LHCb upgrade plans

L~4X10%2cm=—2s~! L~2X10¥3cm2s7! I~2X10%cm=2s7!
Data ~ 9 fb-! Data ~ 50 fb! Data ~ 300 fb-"
~1 interaction/Xing ~5 interactions/Xing ~50 interactions/Xing
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go"‘ Phase | Potential phase Ib Phase I
upgrade in preparation for upgrade
installation phase |l installation

13 Jan 2020 The 6th workshop on the XYZ particles



LHCb Upgrade Phase |
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New silicon New scintillating Remove
strip detector fiber detector SPD/PS & M1
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Trigger system

» Hardware trigger removed!

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

< b I

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

450 kHz 400 kHz 150 kHz

. 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

<> I I}
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LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

:Software High Level Trigger

xclusive kinematic/geometric selection

L

Buffer events to disk, perform online

[ Full event reconstruction, inclusive and ]
e s

detector calibration and alignment

L

7

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related

primary vertices for exclusive triggers

\
L L L
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Vertex Locator (VELO)

(!

Similar geometry as the old one

Strip in r-¢p = Hybrid pixel detector
VeloPix ASIC, 256 X 256, readout@40MHz
More radiation hard sensor:

o Ppax ~ 7x10* - 8x10%° n,, cm™?

(il

23x2 modules, ~ 1 m, AZ=3 ¢cm

(!

. interaction point

L]

----
EhL

Closer approach to beampipe

L]

(!

State-of-the-art microchannel cooling

n*-in-n sensor Pitch = 40-100 um

Thickness = 300 um
n-in-p sensor
Size ~43x15 mm?

Pixel size 55x55 um?2
Thickness = 200 um

d/2=51mm

r=8.2 mm

2048
strips
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Upstream Tracker’s (UT) role

Upstream track

T T2 T3
= High tracking efficiency
veo T F— « Crucial for efficient reconstruction
I of particles decaying after VELO:
VELO track Downstream track Ks,A When Combined Wlth SClFl
T track
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£ 09FvELO Forvae JRpes = Fast tracking algorithm
—'::‘o 08 +VEDO—U stream. Forwand +~ . ‘ .
i . .3 ghost rate reduced o Reduction of ‘ghost’ tracks,
93 ~ W by requiring UT hits speed up upstream & downstream
5 SR 4 matching, hence allowing a more
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UT design & installation

1719 mm

(il

Improved coverage and granularity wrt. TT

Radiation hard sensor to tolerate
Ppnax ~ 5 x 10 n g cm™2

(il

1338 mm

40MHz FE readout near sensor

(il

(il

More digital processing at end of detector

1528 mm

= IHEP group is key player setting up the
slice test, installing the first stave, and
studying the radiation effect on the FE chip %o
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Scintillating Fiber Tracker (SciFi)

= Tracking stations replaced by 3-
station scintillating fiber detector

= 340 m? sensitive area

= Readout with 4096 SiPMs +
custom made PACIFIC ASIC. A
total of ~ 0.5 M SiPM channels!

= Spatial resolution ~70 um in X

6 layers staggered
@250 pum fiber mats

1 module with 8 mats

= Single hit efficiency ~99%

» Tsinghua University designed FE LN Sm@ssCeass it anpasiaanes
electronics PACIFIC for SciFi; LR B hn

Finished production of all

PACIFIC boards with high quality
(Now at CERN for installation)

™ SciFi carrier boards
% produced at Tsinghua
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Further ahead: Upgrade II

= Can we fully profit from the HL-LHC?
= What can we do with 300 fb' data?

L~4X10%2cm2s! IL~2X10¥3¥cm2s!

L~2X103cm2s1
Data ~ 9 fb-! Data ~ 50 fb-" Data ~ 300 fb-!
~1 interaction/Xing ~5 interactions/Xing ~50 interactions/Xing
e < )< —
Qé) Q\"O Q';\ Q'\c'b QPS’ 6‘9 Qf{'\ Q(){}' Q'{'b

X N o A & N DN D
2 R | D s Y B < M M
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Phase | Potential phase Ib Phase Il
upgrade in preparation for upgrade
installation phase | installation
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Opportunities in flavour physics,
and beyond, in the HL-LHC era

Expression of Interest

b

CHCY
Physics Case
for an

LHCDb Upgrade Il

Opportunities in flavour physics, and
beyond, in the HL-LHC era
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Possibilities in Upgrade Phase Il

L~2X1 034cm‘2_?‘1 New ECAL Remove
M ~\| replace MWPC
New Vertex Magnet Station
Detector Side View
(4D7?)
: SciFi ~ RICH2

Tracker

Improve granularity

: L
o )| o' , |
Vertex 1 ay e
Locator I = S
k { & 4
V {

Better radiation hardness

Keep triggerless

5 Better coverage for low

readout R M _ momentum tracking
Add @ center Add Use timing to distinguish

Mighty Tracker TORCH ? vertices (high—pileup)

Upgrade Il approved to proceed to Framework TDR by LHCC
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Tracking

(i L "y
VELO i e o Within magnet
Finer granularity Z 7 AL 71 ’é_\ to improve
Thinner RF foil, \ - R ’ﬂ tracking at low
L e e — Lot | | momentum
< " F Zpioihd

Timing < 200ps il

N ]|

VI fiesX ‘a\‘\i'y PIETE T M

\ y, N A ack

MIGHTY Tracker
Replacing central SciFi

CMOS tracker for UT?

To improve the central < with silicon stations
occupancy and [CMOS Tracker J] For better granularity
radiation hardness . and radiation hardness

Interests from Chinese groups:
- Natural continuation of UT
- Synergy with CEPC

* Add a Si Middle Tracker

‘ * Replace all SciFi modules
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Calorimeter

= Severe radiation

!

— Replacement with radiation
technology for innermost or y=0

ul

= Overlapping showers

— Smaller Moliére radius, finer cells
0

ul

= Huge # combinatorics from 1
— Fast timing information desired

= Options being discussed

al

o Homogenous crystal with
longitudinal segmentation

o Shashilik or SpaCal with a crystal
component for timing

o Preshower layer of Si for timing

= Interests from Chinese groups

y [em]

Fraction of events [%]

300 200  -100
x [cm]

s Single plane resolution 20 ps
= === Single plane resolution 50 ps
. Tieimie No timing information

J—
Pl Y

!
L . ",

. .
J 1 Y. el | s

20 40 60
Number of incorrect vertices included in window
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Prospects for Upgrade |

= Integrate luminosity increase:
e 9 fb! (now) = 23 fb! (end of Run 3) / 50 fb! (end of Run 4)

= Opportunities for
» Baryon spectroscopy

o Charmonia(-like) states studies in decays
o Pentaquark studies

= A few recent results from Run 1+2 to give an idea ...

13 Jan 2020 The 6th workshop on the XYZ particles
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Evidence of Zc(4100) in B -» n. (1)K ™

3 3.05
m(pp) [GeV]

% 100?+Data LHCb R %
= [ — Total PDF =
< 80 —.BZ = (1)K 7 @ C
&) | —B" - ppPK*nr~ (NR) P ~~
; 60 [ -+ Combinatorial B 0 mass §
5 | background 5
g - 1 =
2 aof z
=]
g | S
© 20f
525 5.3 0
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S s T e 1% 100F
> C (a) i LHCb ] & -
s 1 = 140F
S 400F 1S 120k
g : 13 120F
E 300: . E 100 |
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o C 12
= 200F 1%
ET 18
100 3
ok
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_ +18
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_ +60
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EPJC 78 (2018) 1019

4.7 fb'!, N, ~ 1900

sig
lc—onm
e 480 for ]P =1

o 07 also allowed

o« NB: all Zc observed
so far in Y(4260),
with JF = 1%
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Newly observed b baryons

» Excited Qp (bss) in E)K ™ final state arXiv: 2001.00851

o [-LHCb + Data m(Q,(6316)”) = 6315.64 + 0.31 + 0.07 + 0.50MeV,
o m(5(6330)”) = 6330.30 + 0.28 + 0.07 + 0.50MeV,
Background m(Q,(6340)”) = 6339.71 + 0.26 + 0.05 + 0.50MeV,

n
o

m(£25(6350)" ) = 6349.88 + 0.35 + 0.05 + 0.50MeV,

o

Ak el |

1

500 ' 550 ' 600

Number of candidates / 1 MeV

M(ZEK") - M(ZF) [MeV] N wer

o {4 ]

) §+++++++++++ﬁ-* L * +++++++++++‘§

= New resonances in Ayt~ final state § /AL 5

o Possibly a doublet of Ay (1D) states A 00— N R _

2 o ey

A, (6146)° 6146.17 £0.33 £0.22+£0.16MeV, . F= E

My, (6152)° 6152.51 £0.26 £ 0.22 £ 0.16 MeV, = | A f

A, (6146) 2.9 £1.3 +£0.3 MeV, e k

Cpis? = 21 £08 +£0.3 MeV, : .
PRL 123 (2019) 152001 T e
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Key measurements @ Upgrade Il

Observable Current LHCb LHCb 2025 Belle 11 Upgrade 11
EW Penguins
Rk (1 < ¢® <6GeV3ct) 0.1 [274 0.025 0.036 0.007
Ry (1 < ¢* < 6GeV3ct) 0.1 [275 0.031 0.032 0.008
Ry, Ry, R ~ 0.08, 0.06, 0.18 ~ 0.02, 0.02, 0.05
CKM tests
v, with BY = DI K~ (té?,)" 136 4° - 1°
7, all modes (t50) (167 1.5° 1.5° 0.35°
sin 23, with B® — J/yK? 0.04 [609 0.011 0.005 0.003
bs, with BY = J /9o 49 mrad [44 14 mrad - 4 mrad
os, with B! — Df D 170 mrad % 35 mrad - 9 mrad
355 with BY — ¢¢ 154 mrad [04 39 mrad - 11 mrad
ad 33 x 1074 [211 10 x 1074 ~ 3x107*
[Vas|/ [V 6% [201 3% 1% 1%
BY, B'—putpu~
B(B" = utp)/B(BY = ptpu) 90% |264 34% - 10%
TBO s p+p- 22% [264 8% - 2%
Sy - = = 0.2
b — cf~ 17 LUV studies
R(D*) 0.026 215,217 0.0072 0.005 0.002
R(J/¥) 0.24 [220 0.071 = 0.02
Charm
AAqp(KK — ) 8.5x 107* [613 1.7 x 1074 5.4 x 1074 3.0 x 1073
Ar (= xsing) 2.8 x 1074 |240 4.3 x107° 3.5x107* 1.0 x 1075
xsing from DY — K+on— 13 x 1074 [228 3.2x10* 46 x 1071 8.0 x 107

xrsin ¢ from multibody decays

(K3m) 4.0 x 1073

(KO7m) 1.2 x 1074

(K3m) 8.0 x107°

13 Jan 2020
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CKM matrix evolution

T / """ ok
o % > — 3 Now
u“ a2 o0 E .4 o8 o8 .0
LB A R e 3
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- Ve E
uu a2 a0 E .4 o8 a8 .0
of: -in 2 ‘v%‘;”‘- T é
: -:i"‘/‘ E
T By 2035 (300 fb™!, Upgrade I1)
IVl E
e D P o
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Spectroscopy with 300 /fb

= Large data set will boost sensitivity in searches for heavy states

o With small production sections

o With suppressed decay rates

13 Jan 2020

LHCb Belle 11
Decay mode 23th~1  50fb~t 300fb™! | 50ab~!
BT — X(3872)(— JrTa )Kt | 14k 30k 180k 11k
BT — X (3872)(— v(2S)y)K T 500 1k 7k 4k
BY— ¢(28)K 7™ 340k 700k 4M 140k
BX— DfDDY 10 20 100
A)— JhpK~ 340k 700k AM
E = JWAK 4k 10k 55k
Eft—s AFK ntat 7k 15k 90k <6k
EL—= IJWES 50 100 600
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X(3872)

v X(3872):

o Xc1(2P)7? Differential production xsec similar as Y(2S); Preference of Y(2S)y
over [/ y

o Molecure? Mass close to DD* threshold; Isospin-violating decay to | /Yp
o Mixture?

= If a strong y.1(2P) component exists, X(3872) = y.(1P)n"n~ expected
o x.(1P) - J /Y y efficiency very low in current LHCb

o A large sample from Upgrade Il will help to establish such decay or to set UL
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Amplitude analyses of exotic hadrons

!

properties and to claim the existence

= Further test observed exotic states s [T
. PcinA, = J/YpK oo LHED
o« Z(4430) in B » Y (2S)Kn k=
= With improved calorimetry: ool
o PcinAp = xc12pK
—04F

= Pentaquark with strangeness
e In E‘b —)]/wAK

13 Jan 2020

= For resonances in b-decays, amplitude analyses help to determine the

T I T T T

| 4 LHCb
| 4-LHCb 300 fb
: simulation
— Breit-Wigner ]
M, sy = 4475 MeV ]|

i Loy =172 MeV ]

T

3t ]
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Other exotic searches

!

= Isospin multiplet of pentaquark
o ccudd in Ay, > A.DK*

b > PCO — AFD~
Ag U > u
d > d

&l

= QQqq tetraquarks

wt

b > > c| >
DY D+
u d > d
Bf ( . Xppia
u u > u
D° B~
c » c b > b

&l

= ... and nice surprises when we study the heavy hadron decays
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Summary

L

» LHCDb has been successfully running until 2018

= Upgrade | is ongoing; Planning for Upgrade Il has started
« with Chinese contributions!

= Opportunities for spectroscopy studies

= ldeas, proposals for the coming upgrade most welcome!

Thank you!
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New tracking system

Upstream track
71 =213
= — Long track
mwf
~
VELO\track ~_ Downstream track
/
T track
VELO TT IT+OT
Vertex Locator Tracker Turicensis Downstream tracking
Silicon strips Silicon strips Silicon strips + straw tubes
Up@de Up@de Up@de
PIXEL VELO uT SciFi
Vertex Locator Upstream Tracker Downstream tracking
Silicon pixel Silicon strips Scintillating fibers
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MIGHTY Tracker

Mighty Tracker Layout: x,y dimensions

I inner Tracker (153) ., [ ]! 20em
—> -—

B tidde Tracker(154)  ~54 cm [one SciFi module)  20€m

Bl

* Replace all SciFi modules

‘ + Add a Si Middle Tracker

Drivers of size Baseline six layers, total
* Inner Tracker Ulb Upgrade Ib: ~5m?
— Tracking ghost rate Upgrade Il: ~20m?

— Limited modification of SciFi

« Middle Tracker Ul

— Radiation damage and occupancy in SciFi
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TORCH o

Photodetectors

= Charged PID for low momentum e
pt < 10 GeV with 10 ps timing N
= 70 ps per photon for ~30 phots 2s0am
= A first prototype built and tested
in testbeam, using MCP-PMT et e
Focusing block

Photodetectors

~.
-~
-~
.o
ot 0
-~
~
~a
-~

Quartzplate ——H— S TS

-~
=~
L

250 cm
Mirrored edge
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Not only pp, heavy ion, even fixed target

107 Beam Energy
10 | 2500 GeV
B 4000 Gev
1 B 6500 Gev

.} 1

pNe pHe pAr pAr PbAr pHe pHe pNe pNe PbNe
2015 | 2016 | 2017 | 2018

Unique sample enabled by noble gas injected to the beam pipe as target;
inspired by the beam-gas imaging

3 2
|ii IIII|T|'|'| IIII|T||'| Illlmll llllrml_'

protons (Pb) on target [10%

LHCb preliminary June 2015

=

beam 1 —_—

beam-beam interaction

beam-gas interaction /
-0s | : A2 2 ey - . AREaCES

beam 2
injected gas

= (mm)

JINST 9 P12005
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