2018.10.25-29,

LHCDb upgrade and prospects

LHCb Current — Upgrade | ——» Upgrade II—

N

& 22 —
= e . = = = : :e
£ Zhenwei Yang (##51%) e
= 18— . ) . . 4
%16_3 Tsinghua University —250 £
- = —
-— ' - 4
: 147 On behalf of the LHCb collaboration 00
-l 12._: - N ™ < i o
S 7)) 7)) N ) s >
= 10— =3 = = =t —150 £
8~ “
e 2018.10.28 —:
. 3
2 .
0_:_'_|_'_a.h==}-|-l-"-r— peEEE I, o e . o A
2010 2015 2020 2025 2030 2035



Outline

> Introduction

» The LHCb upgrade

» Selected physics cases

» Summary



The LHCDb experiment
» A forward spectrometry at the LHC
LHC 31 S - designed to the study of heavy

: - flavour physics
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The Physics of LHCb

Decay of b-hadrons

o : ==
S > Indirect search for New Physics //
via preC|S|on measurements of CKM, CPV and RD

N _ . - Primary Vertex o
N Tert|ary Vertex
. ~ . y
SO -G N
~ \\‘ 5 / “ N \
SN

| > QCD +EW precision measurements
at large rapidity
; TR i E 2y f /Requwements of HF
| S | > Vertex resolution

“> Time resolution
. T . = & > Momentum resolution
> Direct search of new K¥ss ¥ \ il > PID

Partlcles beyond SM TREUEININ. gl M > Efficient trigger

¥ > Hadron spectroscopy
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The LHCDb detector Int. J. Mod. Phys. A 30 (2015) 1530022

Collision
point

Beam1::\| &

RRE: op =20 pm

BES M. | o, =45fs  for BY > J/yp¢ or Dim~

hEa9HiEE: | Ap/p=0.4~0.6% (5-100GeV/c)

BRERYWE: | 0,y =8MeV/c*  for B - J/PX (constrainted my )
sEF=Enl: (K - K) ~95% mis-ID e(rt > K) ~ 5%

B IE=50: s(u->pn) ~97% mis-IDe(m->pu) ~1-3%
FBiSEHEERS: | AE/E = 1 @ 10%/./E (GeV)
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Performance of the LHCb detector
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é 107 B Other triggers E 10 3 b :_ _:
S L0° plo o = 95 10 105 1 8 4t Had ron ID ]
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A 10 = = 3
S o . 5 °F (K/m sepayati 5
e A E
o @ Trigger S 1k 3
10§ Mass resolution of N :
1 1850 1900
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90~ —— 2012 Data —] N a s e Tagged mixed
gof~ —= 2015 25 ns Data Prl lPTv‘a ry Vertex 5 o Tagged unmixed
. e ~ — Fit mixed
n=Vertex resolution 5 % Ao Fit unmi
60 __pEE = B it unmixed
op: 10 — 80 fs s = s
50 " SV S 2001
20 e £ © | 7 LHCb
20 4 - ¢ Decay time
LHCb VELO Preliminary LHCH Preliminary | R
20 EVT: 49700980 re_S,OIUtIQn, ~40fs_ |

2012 Data: 6=11.6 + 23.4lpT

—|  RUN. 70684

0 1 2 3 4
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Integrated Recorded Luminosity (1/fb)

Data taking (runl+run2)

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

| 2018 (6.5 TeV): 2.19 /fb _

9 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /fb > A huge amount of bb and c¢
- 2016 (6.5 TeV): 1.67 /fb

gl 2015 (6.5 TeV): 0.33 /fb have been_produced
= e 2012 (4.0 TeV): 2.08 /fb e ~ 1012 pp

7 2011 (3.5 TeV): 1.11 /b | . 1013 .=
= 2010 (3.5 TeV): 0.04 /fb 10%% cc

B — : :

» Many impressive results

Y _ 5 : have been achieved

4 EL ...................... e .................. .......... * Mostly based on the Runl data
= I : : (3 fb—l)

3 g:_ ..... | ....................................... . Some aﬂa|yseS used § fb_l data

e, El' .............................................

ETI 5 5 _ 5 More than 9 fb~! accumulated

0 | | in Runl1+Run?2

2010 2011 2012 2013 2014 2015 2016 2017 2018
Year
2018/10/28 wicfE BERFESERDEHAR PO 7



Spectroscopy: observation of P} and &%}

~cc

» Observation of two pentaquarks in the J/yp

spectrum of A} - J/yYpK~ decays (2015)
 Full amplitude analysis performed

» Observation of the doubly charmed baryon
EXFT > ATK ntaT (2017)
« Mass and lifetime measured
« Confirmed in the £ - Zfn* decay

Events/(15 MeV)

F  +Data
5 F —Total
- .. Signal

 The LHCb China groups have been playing a leading g
role in these observations g

« Essential inputs from Chinese theorists

- ---Background

3500 3600 3700
=+t
m., (Z) [MeV/c?]

PhysRevLett.119.112001



CPV:. ¢, measurement

Direct decay

PRL 114 (2015) 041801
JHEP 08 (2017) 037

3 > The phase angle ¢, of B — B2 mixing is a
S

Bm benchmark measurement of LHCb

g xS » SM prediction: ¢5¥ = —0.038 + 0.001 rad
BS

Mixing * New Physics could introduce large ¢

68% CL contours
{Alog £ =1.15)

CMS 19.7 fb !

0.10 Jtublur'd

( )

ATLAS 19.2 fb!

LHCb 3 fb~!

0.06

04 02 00 02 r::t.'fl |
P [1“1:1]
2018/10/28 Wikt 7

» LHCb combination with the Runl data
¢, =+0.001+0.037 rad
»World average
¢,=—0.021+0.031rad

« The world average dominated by
the LHCD result

 The LHCb China groups have
been playing a leading role

ERZSEDIE R T 9



Upgrade to deepen our understanding of HF ...



1

We are here

Install Upgrade |
upgrade

A A

H L A B
¥ & & &

Q N v e
> » e} >
,‘9 D ,\9 ,\9

S s

LHLIHC

1

Consolidation and
maintainance

Upgrade II(?)

S —————) X ———————————— I e

LMaX — 4 % 1032 cm~%s71
1.1 visible interactions
per bunch crossing

LHCDb up to 2018 9 fb~1

v’ Demonstrated feasibility of
high precision flavour
physics at hadron colliders

» Find/rule out large sources
of NP at the TeV scale

2018/10/28

_, § pmax 5.5 visible interactions

LMax — 2 % 1033 cm~2s~1

per bunch crossing

LHCb Upgrade | > > 50 fb~1!

v’ Increase trigger efficiency

» Aim at experimental
sensitivities comparable to
theoretical uncertainties

HikfE BERFESEDETR PO

L£=2x10* cm?s~1
55 visible interactions
per bunch crossing

— 10L™mx

LHCb Upgrade Il & > 300 fb~!

v' Take full profit of HL-LHC

» Physics document has been
submitted to LHCC  arxiv:1808.08865
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LHCDb Upgrade |

» Installation in 2019 and 2020
» Aiming at 50 fb~—1 by 2029



How to increase the LHCDb

statistics significantly?

S LHC Fill 2651 -
LHCb Upgrade
10°

P Beams head-on

Lumlnosn:y potential exnausted i

» LHCDb up to LS2 (2018)

* Running at levelled luminosity of
~4 x 103% cm™2s71, pile-up~1

* First level hardware trigger running at
event rate ~1 MHz

* Record ~12 kHz (0.6 GB/s)
» LHCDb Upgrade | (2021-)

* Increase luminosity to a levelled
1—-2x1033 cm2s~1, pile-up~5

* Run fully flexible and efficient
software trigger up to 40 MHz

 Record with 2-5 GB/s

The most severe bottlenecks:

0 5 10 15 20
Fill duration [h]

2018/10/28 MikfE B

* Hardware trigger limited to ~ 1 MHz
* Tracking reconstruction

BEIRI R A 13



The LHCb Upgrade | detector

» A complete new detector
* All sub-detectors read out at 40 MHz for a fully software trigger

New electronics

| for muon and
New scintillating fibre . .
| tracker (SciFi) ‘ calorimeter > TraCkI ng SyStem
systems
ECAL HCAL
M3 ‘

New:(sili(cS%upstream ¥ndewew * VELO: Silicon strip - 55 X 55 llmz PIXEL
tracker
/‘ Rl(h | il

' R

=> Scintillating Fibre Tracker

» PID system

* RICH: HPD = MaPMT
Improved optics + mechanics

e =t 1 | « ECAL/HCAL: remains the same
e P 4o [ Photodetectors NewRICH2 | Lol [ [T ECAL inner modules replaced in LS3
= photeserecter Plus new trigger « Muon: increased granularity

2018/10/28 MifF BERFSEDIE RO 14



Expected detector performance
» Compare upgraded LHCb with current LHCDb in upgrade condition

* Resolution improved, efficiency increased, fake rate decreased

Impact parameter resolution Tracking efficiency Fake track rate
1003 > I I - ™ o I ™
= 90? LLHCb simulation 3 5 0-9: T e . . E ; 0.9 E
g 80F  current -3 é 0.8 . ] S 08F '+'currcnt e
- — E - - e 1 e, ——
32 7°F  Upgrade o o 07¢ —— ] L . ]
2 60F 3 0.6 ——— 0.6F ‘+’ upgrade e 3
2 g 3 i 1 g o]
;K 50 3 5 0.5 0.5F e =
— 40f e 3 0.4F = 0.4F —— — e
30F - B 03F + current E 03F —_ —_ E
20F g 02f P 0.2F —— 1
10 ? o1E '+' upgrade LHCb simulation E o1E —— LHCb simulation
0: PP 1 —t— E = E_1 1 3
0 1 2 3 " 5 10 70 5 10
[CERN-LHCC-2013-021] 1/p, [GeV™c] [CERN-LHCC-2014-001] #PV [CERN-LHCC-2014-001] #PV
| e
Hadron identification Muon identification Photon identification
Ly g— e B e e e B S p—— c e  nmny RAAREREREE  RARAIREEES:
= . . ‘4 1.05F B " 3 S 3
- LHCb simulation /] 3 MuonlD efficiency at 2x10™ cm2 s, {s=14TeV 3 ‘E 0.9F
= d s 1 E
S “~ Upgrade luminosity e 13 L E £ 08F
S J . E P e A = | = 0.7
= y 095 i,_: - - 0.6 E
@ E N i — ] c 0bp
= . . ‘ 0.9F . < 3 o0sE  —=— WithsPOPS
] Current p , o 1 = VE
13 desian . o 0.85F — 2 o4 3 ——— Without SPD/PS (Upgrade)
= ) o ’ - 3 S 03F
g . 0.8 v 2012 conditions: 4 x 107 cm? 5, 50 ns, 5 = 8 TeV - g ~E
* Upgrade F . Upgrade coaditions : 2x10™ cm? %, 25 ns, fi= 4TeV 3 0.2
design 0.75 = . Upgrade coaditions and DLL_ >-4 E 0.1
1 1 £ . 0 7 F A 1 n A L 1 " A 1 i i " 1 .: o E 1 L 1 L 1 1 L 'l L
b & 70 78 C T x - T ' 0 20000 40000 60000 0 01 02 03 04 05 06 07 08 09 1
[CERN-LHCC-2013-022] Kaon id efficiency [%] [CERN-LHCC-2013-022] p (MeV/c) [CERN-LHCC-2013-022] Signal efficiency
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Scintillating Fibre (SciFi) tracker

» 11,000 km of @250 um fibres
» 524k SIPM channels

* cooled downto —40°C o l?\
> 3 planes of modules B

8
©
=
(e o]
=]
=
@
=]
=,
o
=
—

Readout electronics)

GBTx

v’ fast, high efficiency (~99%) .. FOUT ASICs
v" high granularity (250pum) > PASIFIC ASICs carrier

v high resolution (<100um) ]
v' low mass (<1% X, /layer) board designed by

v’ radiation hardness (up to 35 kGy)fis 0"' O.10 2 Tsinghua & Heidelberg
BF A LR > ASIC QA and carrier
5 e e O S T board QA system
PACIFIC ASICs Y e e developed by Tsinghua

Carrier Board 12000 ASICS, 2500 carrier boards
2018/10/28 Mik{F BERFEESRYIEWRFIO 16



SciFi electronics QA system

» The first bunches of ASICs tested by
Tsinghua in May

» The first 22+228 carrier boards produced,
tested and sent to CERN for testbeam in July
and October

¥ > Ateam sent to Barcelona and Valencia in 20
October to set up the QA systems (returned
| this morning)

21 Sept. at Tsinghua \
- ~» 22 Oct. at Barcelona

S - ]

e TV

28 Oct. at Tsinghua g¥

2018/10/28 MifF BERFSEDIE RO 17



Carrier Board QA results

100.0%

90.0%

» 228 Carrier Boards tested

* 196 Boards are working
» 32 Boards are failed

50.0%

40.0%

30.0%

80.0%

70.0%

60.0%

36.0%

86.0%

20.0% 9.2%
The ASIC test criteria tuned according . oz 2.2%  18%  04% 0.4%
to the result of the first bunch of o i R .

. Wor bas ine too ca find ASIC dat input bad curreni fails
Carrier Boards o« @”@c A Y ,@\\%
o' ..,e o 'o N \o]
W R O O &
xO o) & "o\ (\Q N
O ST o



LHCDb Upgrade trigger

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate

> Hardware triggerless
* 30 MHz inelastic event rate
* Online calibration and alignment

:Software High Level Trigger

Full event reconstruction, inclusive and

[exclusive kinematic/geometric selectionsJ > FU” reconStrUCUOn and phyS|CS anaIyS|S |n

L . real time
Buffer events to disk, perform online * Save output In th.e “Turbo"” scheme: only part of
) the event, e.g. primary vertex (PV) + secondary
: L : vertex (SV) + daughter tracks of triggered signals
TAdd offline precision particle identificatior: * Already used in Run2
o oo e reeers| |+ Save to disk at 2-5 GB/s

triggers, trigger candidates and related

primary vertices for exclusive triggers
\ J

> > >

..., 275 GB/s to storage RS Bk SR ST s

19



LHCDb Upgrade lI(+1b)

Run 4 Run 5 ."

HL-LHC
[ Upgrade Il =

Il_w'ﬁ‘é) Upgradella | Upgrade Ib
& LHCb only gen

» Consolidate in LS3
» Major upgrade in LS4

» EOI submitted in 2017 (CERN-LHCC-2017-003)
» Physics document submitted in 2018

(arXiv:1808.08865)
> Aiming at 300 fb™1 after 2030

flavour expt in HL-LHC era

2018/10/28 MiRF BERFESEDEHRRFO

Opportunities in flavour physics,
and beyond, in the HL-LHC era

Expression of Interest

T ki

Physics Case
for an
LHCDb Upgrade Il

20



LHCDb Upgrade Il detector

Magnet stations

improve resolution
for p<1GeV
to be deployed in LS3

TORCH

PID for p<10GeV

uT

micro-strip

Magnet &
Magnet Stations

Velo

Smaller, thinner |4
ot <200ps/hit '

.......

Ot ~15ps

SciFi TORCH  'suiig

RICH2

&Silicon ,

higher occupancy
--> new photodetection

Add silicon detector
in the inner region

plane

2018/10/28

LB

ECAL

Smaller segmentation,
timing plane
ot ~ 20-50ps

3 M4 MS
M3

M2

Muon
HCAL --> filter

inner chambers with
micro-resistive WELL

BERFSEDIET R PO

» Great challenge in detector R&D
to cope with pile-up ~ 50

» Timing information essential to
some subdetectors

> Feasibility studies started

» Tsinghua started the simulation
study of ECAL in the beginning of
2018

* Fast sim + full sim
* 5D ECAL: (E, x,y,z,t)

21



PRL 114 (2015) 041801

PhySiCS case: (:bS JHEP 08 (2017) 037

— =
1 =
£, 014 DO 8 fb! = LHCD .
Eﬁ 68% CL contours o 100+ : .
I= .
= LW v
0.12 {ﬂ. Ing-f:' 1*15} \‘% 5 ------ * ------------
= v
CMS 19.7 fb ! 8 | X
X 101 « B = ves)e o ¥
0.10 - x B!— DIDf y
(‘ . 6 b + B!— J/¢K*K~ high mass b
\ﬂ 1 | v Bl=Jfmn
0.08 x BE — J/bd
LHCb 3 fb=! | o BYallces
| === ¢, central value [CKMFitter Summer 2016]
0.06 ATLAS 19.2 fb~! 0.1 , , ,
5 23 300
0.4 02 0.0 0.2 04 Integrated Luminosity [fb=]
6% frad] : ~

» Dominated by LHCDb, with competition from other experiments

> Current precision with B2 - J/y¢ is 49 mrad
* 20-30 mrad with full Runl+Run2
o ; -1
10 mrad with 50 fb SM — _38 + 1 mrad
* ~ 4 mrad with 300 fb~!

2018/10/28 WiRkfF BERFESEYIBEHR 22



LHCb-CONF-2018-002

Physics case: y

o dl 1: LH(I:b | | | ]
— 0.8+ Preliminary ]
> LHCDb average y = (74.0729) | . |
0.6[- 74072 ]
* Runl+Run2:3 —5fb™! : ] ;
0 0.4 a | N
. B +4.2 - 683% [ - ]
World average y = (73.5%51 O ool _:
- Indirect determination: y = (65.3%22 ol R,
> Expected uncertainties | 7
o . — i ‘ ' N
e < 4 with full Run1l+Run2 Q ot _;
« ~0.9° with 50 fb! | D=
o < 0.350 Wlth 300 fb—]_ 0.6: E Combined |
04F L

0.2

2018/10/28 MiRF BERFESEDEHRRFO 23



Physics case: Bigy = u*p~

PRL 119 (2017) 191801

»B(B2 - utu~)/B(B° -» utu~) expected to be measured with 10%

uncertainty with 300 fb~1

» Effective lifetime with an uncertainty of ~ 2%

 Good discrimination between NP models

» Worthwhile measurement (~20%) of CP asymmetry — impossible at

Upgrade |

F PN | ER s e TR D [ B R S N R - =
L 35E e Total = Q.
E 30 F LHCb == B, - W'} 4 I
< F BDT > 0.5 SEE B ¥ 1 2
25k =====+ Combinatorial - =
= = B — h'h ] g
g 205 ----- B’ — m (K EEY
%‘ 15F B™ 5 2 u*p - 3
= - === A = PU = AT
O 10 e, B! — Jyp'y, -4 =
- Ay i 3
? ;-.-..-,_--;. s B 1. +1 L T- 1 + I _E %;”
0"‘-x-4-L-v-" "1"4—{,.:* N T T == i =

5000 5200 5400 5600 5800 6000
m,..- [MeV/c?] Decay time [ps]

2018/10/28 MiRF BERFESEDEHRRFO

~ 09— -

B 04k

Ix10™

BF(B, — p'i)
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arXiv:1808.08865

Physics case: hadron spectroscopy

» Much more b- and c-hadrons would be produced with the Upgrade
» A gold mine of hadron spectroscopy studies

* Observation of new states
* Precision determination of the characteristics of observed hadrons
* Understand the nature of these states and strong interactions

'~ —F § v * T+ 1

LHCb Belle 11 g e ki
Decay mode 23ftb~! 50fb~! 300fb~! | 50ab~t < il .
Bt — X(3872)(— JapmnTa )KT | 14k 30k 180k 11k £
BT — X(3872)(— ¢(2S)y)K* 500 1k 7k 4k o i
B = (28)K ~n ™t 340k 700k AM 140k
Bf — DfDD° 10 20 100 — 02 ﬁ
A — JhppK -~ 340k 700k AM — _+_
=, — JWAK™ 4k 10k 55k — o i
Eft s AFK—ntpt 7k 15k 90k <6k
EfL = I ES 50 100 600 — A A A B A

-04 -0.2 0 0.2
Re A

2018/10/28
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Z(4430)"
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Physics case: H |ggs arXiv:1808.08865

LHCb data

1000

» Potential for best Higgs to

05k L
i 800 charm limits at the LHC
b light parton® 600  »Unique sensitivity for BSM
- 1, long-lived and dark sector
0.5 b particles
E Initial (no-tagging) sample: E 8200
a .TOI%IIig:ht] pf:irt.onl, 22| 'chlarr.n,'Scl’/o .belaLllty: 4
1 05 0 0.5 1 0
BDT(bcludsg)

2018/10/28 MifF BERFSEDIE RO
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Summary

» LHCb has emphatically demonstrated its ability to make
discoveries and perform unique measurements in topics beyond
flavour physics

» LHCDb Upgrade | detector will be installed during LS3
* Hardware trigger at event rate ~30 MHz
* Real time event construction
* Expect 23 fb~1 by 2025 and 50 fb~1 by 2029

> LHCb Upgrade Il aiming at 300 fb~! with fully new detector to
deepen our understanding of heavy flavour physics

» Your inputs are essentially welcome



2018/10/28

Thank you

HikfE BERFESEDETR PO
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Backup slides

HikfE BERFESEDETR PO
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Rare decays: By = u*p~

q'.‘_‘ 0,8 ||||||| PT T T T =l T T [ Tt T [ 1o 1T 17T
=) . ATLAS ]
T o6l 15=7TeV, 491" ]
5 B \s=8TeV,20fb"
T ]

Q
m

7‘ - (I it ) - 1 Ll I | Ll J J - 17

| ATLAS Contours for -2 AIn(L) = 2.3, ]
0.2k\ 6.2, 11.8 from maximumof L  _|
S w0 N Nl N

9

2018/10/28

Candidates / ( 50 MeV/c?)

—_ = NN W W
S L O wn O W

- —— Total —
= LHCb — - B! - uu =
: -- o B o E
- -===-- Combinatorial —

|||||||||||||||||||||

"""""" B?s) —h'h"
_—— By, = T (KOHpv,
B0(+) N n0(+)u+u— ]
————— Ay — puV,
B — Jhyu'y,

. ik,
WS IR,

775800 6000
My [MeV/c?]

A 2¥ S L | L )
500 5200 5400 5600

HikfE BERFESEDETR PO

’ < : h, A°, H "
e
» Very suppressed in Standard Model, sensitive to NP

> Observation of B? —» u*u~ by combined LHCb&CMS data in 2015

> Observation of BY —» u*u~ by a single experiment (LHCb) in 2017
B(BY = ptu~) = (3.0 £ 0.6535) x 107

Ix10™

BF(B! — p'p")
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Yy measurement

CKM

o

)

o

+5
-5

0
+4
-5

(74.
(73.

» LHCb average y

)

5
Y

* World average y

o

5)

= (6533

* Indirect determination

Moriond 2018 | _|

[ oLw

T
Combined |

HFLAV

[ ADS
[ GGsz

iy \\\\\\\\\\\

L

150

100

- LHCb
+5.0
740727

95.5%

O 8 | Preliminary

v [°]

7 [°]

60 70 80 90

50
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The LHCb Upgrade: status and plan

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 ..

» The LHCb Upgrade (1a) ey

HL-LHC

during LS2 (2019-2020) T ol I — e e
was planned in 2011 <2 J N N N - R
o £MAX . 4 % 1032 cm_z S_l - current LHCb —_» Upgrade | — Upgrade Il—» _ BFR%}%};%
2 2x10°° cm™%s7! £ 10 3
* Aiming at 50 fb~1 by 2029 2 2
» The Upgrade (1b)+(2) g:ii 7 q 3

during LS3 (2024-2026) and = .
LS4 (2030) is being planned  *
« LT3 2x10% cm™?s7! :
2 2x10** cm™?s7*

2]

%2010 2nl1:6 | '1'20.20. '_'_'2[-:-;5' 2030 2035 BF,E{ﬁ‘%E
* Aiming at 300 fb~! by 2036 ! o "
g y g?l\;\/_l 50fb~"| | 300fb?
2018/10/28
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PACIFIC Carrier Board QA Test Routine

[current fail] [readlD_fail]
itinitial_current > 2 fail [T read bOardID = g1 gesensor fail] [12C fail] [LDINIT bad connection] [ERROR1GEN bad connection]
switch off the power line @FFF o~ v v o
check initial S Sl Apply 30V on write then readback Set LDINIT = ‘0°, then LDINIT = 1’ Sl R ER =1
Vbias externally, . . read ERROR_counter (addr=0x153)
current and boardID S A a single register readback Vthl_common Is ERROR counter = 1 ?
save the record (48bit) value vth1l_common =10 Lls it changed and same as default value? . = S
- Is pin ERROR1 =°1"?
%e;)rgvvg)rz - [sync bad Convrs;tion] [data output bag\connections] [DISACLK bavdionnection] [REFRESH bad conggion]
S powrON S SAC 1 Set ERR1IGEN = ‘0’
3) pOWer ON Set SYNC = ‘0” set SYNC = ‘0” N et DI LK =71 e = Py
) read Board \D. do BER tests with then set SYNC = 1", Sde; DE?E 1L k=0 write vth1_common = 10 Set Refresh = “0” then Refresh = *1"
63 i?\aerc]k all /fs?cg in DB are ~1K events, Do BER tests with r:aa tﬁi v _corr_lrgo?n readback read ERROR_counter (addr=0x153)
working/trimDAC _fails, to avoicf  Should all readback 0 ~10K events S (SO S0 Is vthl_common =10 ? Is ERROR_counter =0 ?

bad ASICs on board !

1) save the configuration file
2) load this config file

Enable charge injection, chargeAmp = 1 1)disable charge injection (1) set the threshold for each \

load the right settings for Veer and Thresnold scan with common Trri]m o~ 3) enable charge injection, 2)local th_reshoIdScan_ channel to be baselin_e+x 2
Veioeesn0s ,check the configured threshold VVth1_common for two Then redo chargeAmp = 1 111 to determine the baseline of depends on the amplitude of
. geAmp =111 -
current and save the record integrators per channel threshold Scan each channel the injected charge)

. . . 4) thresholdScan, check DC
Determine the DC baseline variation ]

2) Charge injection for 10K
events, check whether all

T \ Qhannels data=1 )

[current fail] Loop over until DC baseline :
if configured_current > ? fail well tuned [baseline too low] /
1) [trimDAC fail] if there is any channel not fulfill abs(Top-
Bottom)<2.5 _ [64 inputs bad connection]
2) Record number of failed channels for 4 ASICs
3) Save number of channels (Num_uniform_channels) for 4
Save results to database: ASICs: baseline in the range mean+2.5
1) test log
2) all parameters into a configuration file: PB_XX.conf, which can be read later by SciFi readout system.
3) after trimming DC-baseline distribution
v' 1-D histogram of 0.5ratio-transition-DAC value for all channels (both Top and Bottom DAC) for each ASIC

2018/10/28 v" 1-D histogram of difference ofi#¢g and Bottori DA Alithinthe sanme channel for each ASIC 33




LHCDb Upgrade Il detector

VELO ut |
Pixels with Micro Mg_gdnet Inner/Middle N\
Timing Strips 1Ge /Outer Traker O\
Stations
Side View Tungste
agnet & EL(;IT;:L ’ M4 N3

GGGGG

lagnet Stations

k%3 Timing /
PID
TORCH
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..............

» Great challenge in detector
R&D to cope with pile-up ~
50

'\ » Timing information essential

to some subdetectors

» Simulation studies ECAL by
Tsinghua has started in the
beginning of 2018

* Fast sim + full sim

* 5D ECAL: (E, x,y,2,t)
|
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Machine challenges

Parameter Unit Lumi Scenario

Target Levelled Lumi 10°% e s~ 1.0 2.0

3* 11 1.5

Crossing Plane H V H V
Magnet Polarity — + + — + +
External x-ing angle prad 400 300 320 400 300 320
Full x-ing angle at IP perad 130 570 419 130 570 419
Virtual (Peak) Luminosity 104 em=2s~1 216 157 1.79 216 1.57  1.79
Levelled pile-up I 28 28 28 56 44.2  50.3
RMS luminous region (start) 1min 52.7  39.5 447 527 395 447
Peak line Pile-up density (start) mm ™1 0.20  0.28 0.25 041 044 0.44
Eff. line Pile-up density (start) mm 1 0.13  0.17 0.15  0.20 020  0.20
Fill duration h 8.0 8.0 8.0 7.7 R.0 7.9
Leveling time h 4.7 3.1 3.6 0.6 0 0
Integ. lumi. at LHCb th=1 /vy 46.3 40.9 42.5 61.7 46.2 51.0
Integ. lumi. at ATLAS/CNIS th=1/y 257.1  257.7 257.5 2551 257.0 256.4

CERN-ACC-NOTE-2018-0038: “a range of potential solutions for operating

LHCb Upgrade Il as a luminosity of up to 2 x 1034 cm-2 s-1 and permitting the

collection of 300 fb-1 or more at IP8 during the envisaged lifetime of the LHC.”
WikfE EERFEEYEFR R

2018/10/28
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Physics cases of Upgrade Il: CPV

5} Y v O 4 0) LHCb +3.3x 103 LHCb +5.4 x 10° LHCb +4.9 x 10 LHCb £1.3x10* LHCb
. - F { ; { I 1 —

* ¢ 3 mrad

e Charm CPV:
O(107)

T T T T T T T T T T 30 T T T T T T T T
- i I L
¢ 0.2 | | HFLAV World Average 2017 25| 8% C.L. coptours
| I LHCb 300/fb 20  Upgrade II (300/fb)]
I5F . /\:/ -
0.1 10 i 1
. ~ T st ~ Standard Model .
= Va4
0 = Z or -
P -5t ) )
T s ol [ ]HcoRun 1 G/m)
-0.1 — N
I aed | BaBar+Belle Run 1-3 (23/fb)
-20
_O 2 contours hold 68%, 95% CL 7 =25 ‘ve. N Ii| Do A"”
' | | |
-30 —— : s O e
0.85 0.9 0.95 1 1.05 1.1 80 -70 —60 -50 —40 30 20 -10 O 10 20
la/p| aj/10*
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Physics cases of Upgrade Ib: rare decays

¢ Wide range Of . LHCb ¥1.0x107 | LHCb +5.4x10° | LHCb 9.0 x 10 LHCb
b=>sl*l-/dI*I-

Belle Il £3.6 x 1072 Belle Il +1.5 x 10°
observables = =
LHCb 2.2 x 1072 LHCb *1.5 x 10° LHCb *3.4 x 10!
= — —

* 10 % precision on
R=B(B® - utu~)/B(B} = ptp)

n 2.5 T T T T T T T T T T T
EE P S B S S S B S ! T T T T T T T L)g _SMI ! 2025 ! g
vb1 55— o 2025 : qu) 2 —— scenario Il .
28w Pre-HLALHC S g —soerer  PreHLALHC,
'ENP Scenarios E "F NP Scenarios :
0.5;— - 1 =
| T R v . S 3 0.5 3
o8 E S 4 W
. | < 05 _ k
t BO K*,,+ ] B— Xptp~ and
1.5F _> l'l' lj/ - 1 ; ]
-1.5F . - s o ; .

- 1 : B— XeTe :

e 1.5 e
-2 -1 0 1 2 , =3 = = 0 1
ReC'y) AReC,
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Physics cases of Upgrade |l: rare decays

¢ Wide range Of ) LHCb +1.0x 107! | LHCb *5.4x10° | LHCb £9.0x 10 ICTJI;IQE';b
b=>sl*l-/dl*I

Belle Il +3.6 x 102 Belle Il £1.5 x 10°
observables — —
2025
LHCb +2.2 x 1072 LHCb #1.5 x 10° LHCb +3.4 x 101
— | e | | e |

10 % precision on
R=B(B® - ptpu~)/B(By = ptp~)

222"I|'IIII".I'IIIII'I = L LN T
% F —su . Upgrade I3 O F —sm Upgrade Il 1
§1-55_ —scenario v HL-LHC B &) 2:' —— scenario |l HL_LHC =
’ —— scenario lll E < 15:_ —— scenario | E

- NP Scenarios “F NP Scenarios ' ]

0.5F ] 1 -

_E_ BO I;-*Olﬁ-u—é ‘0'52— B— Xputu~ and _

-1.5 - 1 - E
2E T i o a d |- C B _> Xe-l_e l .
2 -1 0 1 2 _1'513 _2 -1 | Iol - 1
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