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The SKB/Belle II program

Phase 1(2016): no detector, no collision, test the rings

New
superconducting
o /permanent final
b'&l focusing quads
near the IP

Phase 2 (2018): first collisions with complete accelerator

 Incomplete detector: Vertex detector replaced by dedicated
background detector (Beast 2)

Low emittance positrons
to inject

Phase 3 (2019-): luminosity run with complete detector Dampingring
« Pixel Detector (PXD): layer 1 + only 20% of layer 2 w :
e Full 4-layers strip detector (SVD) r——
« First physics paper appeared in January 2020 |

Positron source
——

New positron target / capture
section

Belle 1l Online luminosity Exp: 7-26 - All runs
Stopped running in July 022, Long Shutdown until Y et sty 428fb1 2072
eIld_ Of 2025 (LS l) ?ﬁ 15.0 s [ L pacordea dt = 427.79[fb™11 . 400
« 2022 run somewhat reduce because of electricity costs. £ b 2021 ¢ /
New and difficult accelerator. Additional operational ; 100 N g [
complexity during the pandemic. 3 : 2020 .
> 75 : e : Bt 200
Record peak luminosity 4.7x103*cm=s1, g 2019 | |
2 5.0 : I : : e SR
Path to reach 2x103°cm=s! identified, but still large factors ; : e : 100
to reach the target peak luminosity of 6x103°cm=s1. S : : H =
0.0

0

Public luminosity page: https://confluence.desy.de/display/Bl/Belle+ll+Luminosity
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Total integrated luminosity [fb~1]


https://confluence.desy.de/display/BI/Belle+II+Luminosity

Lumino Sit’y ma'tters Belle ?f;vlz;r;il(?ss I?Zal::ilfearligppelzns for

the next decade and beyond

Past Soon Target Dream
— Belle IT Collaboration
Observable ]23(512(3 ) ]53‘;1:)6_'{1 153(‘; ;’)E ];56(1)1‘;'&11 https://arxiv.org/abs/2207.06307
BaBar i

Sin 28/ 0.03 0.012 0.005 0.002 Snowmass Whitepaper:
v/¢3 (Belle+Bellell) 11° 4.7° 1.5° 0.8° The Belle II Detector Upgrade Program
a/dy (WA) 4° 2° 0.6° 0.3° |
V| (Exclusive) 4.5% 2% 1% < 1% Belle I1 Collaboration
Scp(B — n'KY) 0.08 0.03 0.015 0.007 https://arxiv.org/abs/2203.11349
Acp(B — 10KQ) 0.15 0.07 0.025 N. 0.018
Scp(B — K*y) 0.32 0.11 0.035 0.015
R(B — K*¢H)t 0.26 0.09 0.03 0.01 :
R(B — D*rv) 0.018 0.009 0.0045 <0.003 It is much better to have
R(B — Drv) 0.034 0.016 0.008 <0.003 a lot of luminosity with a highly
B(B = 1v) 24% 9% 4% 2% perfomant detector than recording
B(B — K*vp) - 25% 9% 4% a handful of events with a lousy
B(t — py) UL 42 x 1077 22x 1077\ 6.9x 1077} 3.1 x 10 experiment
B(t — pppu) UL 21 %10~ | 3.6 x 109} 0.36 x 10-9] 0.073 P '

10~

!

Table 2: Projected precision (total uncertainties, or 90% CL upper limits) of selected
flavour physics measurements at Belle I1.(The T symbol denotes the measurement in the
momentum transfer squared bin 1 < ¢* < 6 GeV/c?.)
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https://arxiv.org/abs/2203.11349
https://arxiv.org/abs/2207.06307

Path to the future

Steep path to higher luminosity Mitigation measures

 A. Machine performance and stability < A. Consolidate machine G
« Beam blow up due to beam-beam effects  International task force at work to help

 Lower than expected beam lifetime  Many countermeasures under development
 Transverse mode coupling instabilities A major redesign of the Interaction Region
« Low machine stability may be required to reach ~6x103°cm=s 1.
« Injector capability  B. Consolidate the detector
 Aging infrastructure » Install a complete PXD
« B. Backgrounds in the detector * Complete installation of more robust TOP
* Single beam: Beam-gass, Touschek PMTs
« Luminosity: Radiative Bhabha, Two *| C. Improve detector
photons  Upgrade program to make the detector more
- Injection backgrounds robust against backgrounds and with improved
performance
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Luminosity projections

 LLS1 started in summer 2022 for 15 months to replace VXD. There will be other
maintenance/improvement work on machine and detector.

 We resume operation from fall 2023 or beginning of 2024
« An International Accelerator Taskforce is discussing additional improvements.
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INFN

Timeline of upgrade work

 Long Shutdown 1 (LS1) planned for 2022-233
 Motivated by the installation of a complete PXD.
e Start of LS1 used to be in Dec 22. Advanced to July 22 because of reduction in 2022
running time caused by soaring electricity costs.
 Long Shutdown &2 (LSR): end of 2026 or 2027

« Motivated by a (still to be defined) redesign of the IR, with superconducting quadrupole
replacement.

 Window of opportunity for significant detector updgrades, but large uncertainties
* Prepare technology choice for a full VXD replacement

* Develop solutions to improve detector physics performance at high luminosity

« Study the physics case and start technology Ré&D for an extreme-luminosity detector if
luminosity upgrade is shown to be viable

* Interesting possibility of beam polarization under active study; maybe possible on a
more rapid timescale

D
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Motivation for Belle II upgrades

 Improve detector robustness against backgrounds
* Provide larger safety factors for running at higher luminosity

* Increase longer term subdetector radiation resistance

* Develop the technology to cope with different future paths

* For instance if a major IR redesign is required to reach the target
luminosity

* Improve physics performance: get more physics per ab-1.

« A number of ideas are being developed and reviewed
internally for the different time scales

)
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KLM: Replacement of barrel RPC with

B e]_]_e II Up g P ade S scinifillators, upgrade of readout electronics,

possible use as TOF

| P — A

ECL: Crystal replacement with pure csf{ = ‘: A RaK

and APD; pre-shower; replace PIN- d1odes 7 TOP: Replace readout electronics
with APD photosensors. : to reduce size and power,
replacement of MCP-PMT with
extended lifetime ALD PMT,

study of SiPM photosensor option

\\\\\\\\\\\

electron J RS .'
QCS replaééinent and STOPGAP: Study of fast CMOS to
IR redesign | lbse the TOP gaps and/or provide

1mmg layers for track trigger

VXD: optio_ﬁs‘?' AAI/CH possible

. W hotosensor upgrade on
TRIGGER: Take ;.')IEI.;FSE‘IS:.‘IPS | P nger term ve
advantage of electronics . SOL.DUTIP ﬂl-'" ko positron (4GeV)
technology development. DMAPS E
Increase bandwidth, i E C :
open possibility of new NS i omputing
trigger primitives CDC: Replacement of the readout - ] —
electronics (ASIC, FPGA) to
= improve radiation tolerance and x- 2
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Upgrades main ideas and time scale
€0 | Upgradeideasscopeand technology | Tmescale

(DEPFETS) Adiabatically improved replacement of existing PXD system LS2

Thin Strips Thin and fine-pitch double-sided silicon strip detector system replacing the current SVD and LS2
potentially the inner part of the CDC.

SOI-DUTIP Fully pixelated system replacing the current VXD based on Dual Timer Pixel concept on SOI LS2

DMAPS Fully pixelated Depleted CMOS tracker, replacing the current VXD. Evolution from ALICE ITS LS2
developed for ATLAS ITK.

CDC Replacement of the readout electronics (ASIC, FPGA) to improve radiation tolerance and x-talk LS2

TOP Replace readout electronics to reduce size and power, replacement of MCP-PMT with extended LS2 and later
lifetime ALD PMT, study of SiPM photosensor option

ECL Crystal replacement with pure Csl and APD; pre-shower; replace PIN-diodes with APD LTU
photosensors.

KLM Replacement of barrel RPC with scintillators, upgrade of readout electronics, possible use as TOF  LS2 and later

Trigger Take advantage of electronics technology development. Increase bandwidth, open possibility of < LS2 and
new trigger primitives continuing

STOPGAP Study of fast CMOS to close the TOP gaps and/or provide timing layers for track trigger LTU

e TPC TPC option under study for longer term upgrade LTU

=




Belle II Upgrades
Description

A very quick tour through the technical description of the upgrades

D
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LS2

VXD Upgrade -Requirements

* Be prepared for a major
interaction region redesign

Tracking & Vertexing performance - Allow large safety factors against
at least as good as current VXD backgrounds

Single point resolution(”) <15um » Take advantage of technology

Radius range: R 14 — 135 mm **)

Total material budget < (2x0.2% + 4x 0.7%) X, develOpment
Robustness against radiation environment ° POSSible performance
f : improvements
Hit rate(® ~ 120 MHz/cm?  Impact parameter and vertexing
resolution
Total lonizing Dose(”) ~ 10 Mrad/year o Trackj_ng pepformance for low pT
NIEL fluence®™  ~5.0 x 10*3 n.,/cm?/year tracks , .
* Increase trigger latency capability
(*) requirement for the innermost layer (R=14mm) e T,1 tpiggep ca,pa,bilities

(**) Optionally, we may include also the CDC inner region (135<R<240mm)

D
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LS2

DEPFET Option - Replace PXD

Drain Current Digitizer

=« Current Belle II PXD pataHandler \ = /' (pcp)
— First use of the technology in HEP experiment | e
— Current integration time: 20 ps 1 = e :
o Sensor R&D Switcher
— Gain increase with shorter FET length L - dl et N to_x
= higher amplification in pixel = thinner oxide 9= dQ 13

- improved radiation tolerance

— Extend Cu interconnection layer into pixel array
= improve the signal integrity of fast signals (e.g. “clear” and "gate”)

« ASIC R&D
— Faster driving and readout circuit =
= Integration speed x2 ;§
=« More aggressive option 5

— Rotate readout direction of pixel array by 90°

: DCD
= Additional improve on integration speed x3

D
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LS2

Thin DSSD option - replace SVD

Thin/fine-pitch SVD (TFP-SVD) concept

* Small noise : “640e- @ Cy:=12pF (simulation)
* Small heat dissipation: ¥330mW
* Short signal pulse width : ~60ns

; . TFP-SVD DSSD layout
Targets Thln DSSD sensor (Mlcron) Ohmic strips Junc-tic?:\ strips
* Outer layers Thinner sensor: 140um e
* Handle higher hit-rate Finer N-side strip pitches than SVD: ~85um = =
o O(lM HZ/sz) R>4cm D :E EZ St R  OL et
i evelop new front-end ASIC (SNAP128A ==
* Improve tracking/Ks P . ( ) = ieiikaizualiaagsaﬂafﬁaigzﬂi%igigi%ﬁi]?ﬂrﬁ
vertexing performance - R&D challenges in front-end = =

A

s
o

DSSD prototype

= Basic characterization of prototype g .

SEeNsors

— Reasonable |-V and C-V curves
— Thickness: 148+5um

— Full depletion voltage: 14+1 V

= Performance evaluation of prototype
ASIC on going

I-V curve result

oy
&)

g
(@]
\

=
o

sensor leakage current [pA]
o [N
[ w

0 5 10 15 20 25 30 35 40 45 50
bias voltage [V]

D
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LS2

SOI Option - Fully pixelated VXD

Silicon-On-Insulator pixel (SOIPIX) = CMOS Clroult /‘ —
« CMOS circuit produced on silicon wafer [idaie 51— 4 :
isolated by a buried oxide (BOX) layer |

— Full depleted sensor: Fast signal, good S/N
— Logics w/o well structure: High density, small capacitance

: ) g : ; Si Sensor *
— Complex circuit can be implemented in each pixel (igh Resistey L 1 !
: ubstrate ] =
= Produced by LAPIS semiconductor —= L
s Rk Ra&iation

(X-ray, Electron, Alpha, Charged Particles, ...)

Dual Timer Pixel (DuTiP) sensor

DuTiP 15t prototype
.A_Iternative oper_ation of t_wo timers aIIow_s the next $ p— ) Pixel lavout
hit before the trigger arrival for the previous hit. —
« Target thickness: 50um
= Prototype sensor produced
— Modified ALPIDE (low power) analog circuit
— Basic in-pixel digital circuit ‘ g
— Performance evaluation is on going =

6mm
143}

v
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CMOS DMAPS Option - Fully pixelated VXD

DMAPS in TJ 180nm TJ-Monopix2

Y“ 5,',',‘,"‘,, M PMOS  NMOS

[E 33 um pitch, 25 ns integration,

N s Vjp sy 17x17 mm-? matrix) were
fabricated and tested.

Spacing
- .

N implant

« A beam test at DESY
5 GeV electron beam

* Detection efficiency:

. 99.020 £ 0.040 %.
§ kg urtal tas « In-pixel detection threshold + Positi Tuti
[ ]
) Time-Over-Threshold (ToT) ~gSlt10I1 resolution
— nm
W. Snoeys et al. hitps://doi.org/10.1016/j.nima.2017.07.045 ¢ Va,I’iouS SenSing VO]'ume thiCkneSS
CZ-bulk, epi-30 pm
Cq < 3fF pd gl P H
N C, DUT residuals for all clusters
- Small sensor capacitance (Cd) ~ oso ; f : $r000E Gabe:  os5s
— key for low power and noise 0981 b S6000— Resolution: 9.15
= Radiation tolerance challenges _ ;. Beooor
— Modified process : + + E F
: . © 0.96 + 4000}
— Small pixel size 2 =
= Design challenges © 0% 3000~
— Compact, Iovy power FE 0-941 + WI2R14 Czbuk 000
— Compact, efficient R/O 0.93 1 + b W5R9  epi-30 um pooF
1 > 3 2 3 96080 60 40 20 0 20 40 60 80 100
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VTX DMAPS detector

* 5-layers all MAPS device with

« OBELIX: Optimized BELIe II pIXel
sensor

« Architecture defined
* Design ongoing
 Mechanical integration and cooling
under development

BO—>Kn - Efficiency vs true p_ BO-> K3r - Efficiency vs true p_
. o . -~ 1 : : : ’nsoft: MC | oo e : : : ’TcsoftE MC -
- Significant tracking g oo loa2 5 § 09 g five | oy B
performance ot o1 § 8 o7 = B S I
improvement W.L.t. 0.6? . "éo 08 g 0-6§ R T —Eo.os fZ:
the current detector  o%F Loos 2 ggE i o + e
0.3; ,é0.04 0.3 ; ..................................................... ......................................... _+_ __ ?0 04
3R] S S S ——— A— [-0-02 S IS i - A el
a F @ . a F — —
x x
> >
> >
= =
= = : : >
% 0.05 o'.1 0.15

25
True p [GeV/c]
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CDC Electronics

Improve radiation tolerance,

Reduce cross-talk and power
consumption

New ASIC, new FPGA, optical
modules

First prototypes in Apr 2022
Installation in LLS2

signal input

Belle2Link

L wire hits — CDCTRG

power supply

trigger/clock

firmware download

INFN Nov 11, 2022

LS2

power consumption
(ASIC of ASD)

cross talk
(ASIC of ASD)

FPGA
soft error

radiation tolerance of
optical transceiver

bandwidth of optical
transceiver

the present board

separated chips,
ASD and FADC

~100mV pulse height
induced in neighbor ch with
7pC input

Virtex-5

SFP for DAQ (1kGY)
Avago HFBR-7934WZ for
TRG (300-400Gy)

SFP for DAQ
Avago HFBR-7934WZ for
TRG (3.125Mb/s)

upgrade

functions of ASD and FADC
are in one chip.
~60% reduction is expected
in ASD+FADC

status

design is almost finalized
(M. Miyahara, KEK Esys)

-10mV pulse height induced | MsS production from 2023

in neighbor ch with 7pC
input + double thresholds

Kintex-7

QSFP

one QSFP in stead of two
different optical
transceivers

purchased and fabricated
on the prototype board.
irradiation test is planed in
2022.

purchased several QSFPs to
be tested with irradiation

basic test is done with TRG
system

F.Forti - Belle Il Upgrades
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Life-extended ALD
(t=13.6 C/cm?)

Start in LS1

Assume 65%
run time eff.

TOP

ALD:
<10 slot03-09

slot16

QF/QE, (A =400 nm)
=)
(o]

- Install Life-extended Atomic Layer dools g
Deposition PMTs. (LS1) % 3
+ in 2022 for standard PMTs 8 =
» possibly in LSR for ALD PMTs ot binshes. | | | o mherebent
® E]_ectronics upgrade (Lsz) Jaor52019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

PY IRSX ASIC 8'0118111181 250 um CMOS > 1.2 MHz/PMT 2_—))3—)5MH2 5.0 MHz/PMT
TOPSoC ASIC 32-channel 130 ym CMOS

 Feature extraction inside ASIC
 Reduced power consumption

e Study of SiPM as possible PMT
replacement. (LTU)
* Require cooling system
 Longer time scale

)
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INFN

LTU

ECL

Hypotheses for long term upgrades
e CsI(T1) --> pure CsI

 Improves pile-up
« WLS employed to improve Equivalent Noise Energy

Equivalent noise energy [MeV]

 Preshower detector
 Help reduce background and pileup

* PIN diodes --> APDs g s
- Reduce ENE and g o pindiodss “Cosowrce ]
improve resolution “ B APD+CR110 “Co source

 All complex and ar
expensive options 21_
 Longer time scale [

% o0 200 300 400 500

T [ns]
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'Csl(pure) (6x6x30cm’) = higdensty
-© WLS plate (with NOL-9) . mmnors & WO WS

_ parentheses |_g. \\| S(3)

/® 4 APDs (S8664-55)

- WLS(4)

Active absorber

(crystal scintillator)




KLM LS2 or later

/ |
* RPCs -> scintillator bars + WLS fiber + SiPM ‘ I

* Already done in first layers and endcap ,' w ’

* Increase rate capability

 Readout electronics upgrade
« More compact readout
 Data push architecture possible

 Possible use as TOF detector
* Required time resolution around 30ps

Figure 11: Left: two sets of new photosensors with newly designed preamplifier and a

° Improve K1, identification laser source. Right: the ADC distribution shows clear peaks of p.e.

 Ongoing studies of scintitllators and SiPM
readout arrangement for high time resolution
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TPiggeP Start in LS1 Present configuration

New configuration

292 boards

292 boards
* More powerful UT4 board for new CDC o LT e
Front End | rowee cry|  584links
GTX
« Avoid merger boards, more e UT4 s UTéwfiboards
bandwidth, use all CDC TDC and ADGe.—==% g T L L
. . ) glinks | EventTime | | 2D Tracker 36 flinks TR [ Event Time I 2D Tracker | 3¢ cards
information : r
. ) ) | 3DTracker | §pouce [ 3D Tracker | Jiou
« Many trigger improvements possible. o [t 352
Component Feature Improvement Time #UT
CDC cluster finder transmit TDC and ADC from all wires with the new CDC front end beamBG rejection 2026 10
CDC 2Dtrack finder use full wire hit patterns inside clustered hit increase occupancy limit 2022 4
CDC 3Dtrack finder add stereo wires to track finding enlarge € angle acceptance 2022 4
CDC 3Dtrack fitter (1) increase the number of wires for neural net training beamBG rejection 2025 4
CDC 3Dtrack fitter (2) improve fitting algorithm with quantum annealing method beamBG rejection 2025 4
Displaced vertex finder find track outside IP originated from long loved particle LLP search 2025 1
ECL waveform fitter improve crystal waveform fitter to get energy and timing resolution 2026
ECL cluster finder improve clustering algorithm with higher BG condition beamBG rejection 2026 1
KLM track finder improve track finder with 2D information of hitting layers beamBG rejection 2024 -~
VXD trigger add VXD to TRG system with new detector and front end BG rejection 2032 -
GRL event identification implement neural net based event identification algorithm signal efficiency 2025 1
GDL injection veto improve algorithm to veto beam injection BG DAQ efficiency 2024 -

Table 14: TRG firmware upgrade plan.
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Polarized electron beam

Physics case: precision sin® 6y measurements from b, ¢, e, 1 RGE Hunning

4 Particle Threshold

& t, probing its running and universality. Measuemerts

= Proposed Experiments

SLAC-E158 ‘ NuTev

0.24F

Planning 70% polarization with 80% polarized source.
NEW HARDWARE FOR POLARIZATION UPGRADE:

2 \7y :
 Low emittance polarized Source: electron helicity can be \ /
flipped bunch-to-bunch by controlling circular polarization o AN TR T
of source laser illuminating a GaAs photocathode (& la SLC). | Mollr % B
Inject vertically polarized electrons into the 7 GeV e- Ring, a2 3 Sl
needs low enough emittance source to be able to inject. e e PR v R

L [GeV]

N,
Qweakl- \ e- Polarized
APV [N SuperKEKB

0235

sin?8,, (1)

* Spin rotators: Rotate spin to longitudinal before Interaction
Point (IP) in Belle II, and then back to vertical after IP using
solenoidal and dipole fields

oty

. . . . . . i | il LU
 Compton polarimeter: monitors longitudinal polarization n mr:mm\‘\ Lllnnmedbld ﬂw
with <1% absolute precision, provides real time polarimetry. (IER ] W B3 , .
Use tau decays from e*e— © * T measured in Belle II to e- spin vector around ring
provide high precision absolute average polarization at IP.

Project under active development

Nov 11, 2022 F.Forti - Belle Il Upgrades
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INFN

Physics and
performance challenges

» Identify crucial performance
challenges impacting physics
reach

e Tracking at low momentum
 Vertex and IP resolution

* Calorimetry energy resolution and
lepton ID

» Trigger efficiency
 K/pi separation
KL detection

Nov 11, 2022 F.Forti - Belle Il Upgrades

22283
Topic > O MR X
Low momentum track finding v v
Track p, M resolution v
IP /Vertex resolution v
Hadron ID v v
K? ID v v
Lepton ID v v
70, ~ v
Trigger v v

TABLE II. Key performance requirements vs subdetector up-
grades.

2 22283
Topic > O A4 AamE X
B(B — tv,B — K"vp) v v vV
B(B — X.lv) v v v
R.P(B — D" rv) v v
FEI v v
S,C(B — m'n% K2x°) v v v
S,C(B — pv) v v
S,C(B — J/WKS, n'K3) v v
Flavour tagger v v
7 LFV v v
Dark sector searches v v

TABLE III. Selected key physics channels and the subdetec-
tor upgrades that would make substantial impacts to mea-

surement reach.

¢ L7

D> 25
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INFN

summary and outlook

Belle IT and SuperKEKB have started a successful physics run

Machine improvements are being studied to reach target luminosity
« A significant interaction region redesign may be required in 2026-27

Detector upgrade ideas are being explored and Ré&D is in progress
 more robustness against background and radiation damage
 more physics performance
« readiness for interaction region redesign if needed

The Belle IT detector upgrade process is ongoing
« Belle II Upgrades Whitepaper submitted to the Snowmass process
 The preparation of an Upgrades Conceptual Design Report should start afterwards, ready in 2023

 The Technical Design Report will follow in 2024

Longer term perspectives
 Important to start exploring longer term possibilities for SKB and Belle II

There’s a lot of physics at high luminosity

D
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Personal s,. e
Memories perB| Detector Status

F.Forti, INFN and University, Pisa

Technical Design Report

=
» The SuperB Detector TDR is B
nearly ready o FForti - Detector 12/12/12
We had planned to have copies Q
distributed today, but we didn’t o’
quite get there.
» About 500 pages DCD

» Fixing last typos and figures
Completed in a few weeks
» Authors

Input has been requested from
institutions and systems
Final list will be distributed soon:
please check and react rapidly !
» Current version available in
alfresco repository.

There will be circulation to the :
entire Co”aboration before A High-Luminosity Asymmetric e* e Super Flavour Factory

Exactly 10 years ago

Techpical Des

publication
3 FForti - Detector 12/12/12
IN/FN’
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SuperB Detector Conclusions

» Very good work done, finishing R&D

» On a rollercoaster for some time

EACH SLUMP GETS DEEPIR ...

* www.ClipartOf.com/438670

14 FForti - Detector
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AN

4eBEakk

T )

e

S

=
=

. -
EiE

_
Ty

- ‘ﬁ
y

el

f
"." « \\“ 8
iy 1

¥ g 7Ee




ROMA ['¢

S~/ ¢ LU Rl

Y €

-
"v

- . s
~ v
= -

B . .a.
-
wh

<

)
INFN Nov 11, 2022 F.Forti - Belle Il Upgrades 29
Belle IT++




Thanks |
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Additional material

- B
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Other ideas: STOPGAP

 Take advantage of development of fast CMOS sensors

« TOP Quartz bars do not overlap, geometric acceptance only ~94% Timing Layers in Belle Il Vertex Upgrade

 Fill in the quartz gaps with timing sensors: 1-2mz2 active area to fill gaps

- Pure timing could potentially/eventually replace Belle Il barrel PID: ~20m? * Toy StUdy: a double t_|m|ng laye_r with (Ver_y) moderate
active area requirements can reliably provide track trigger

information from temporal coincidence alone
- Also provides excellent pion/kaon separation for p; < 1GeV

» Feasible with ~50ps single MIP sensors (based on full MC study)

. > I T T T T T H H H
ECL inner wall g T - Separating layers yields momentum estimate and z-cut
o
= r 100
© L
a 0.8 C TOP 7 eff. --- CDC (approx.) N 10¢ ‘ ‘
T —— TOP K—m mis. —— 50ps timing @ r=0.45m <
- —— 20ps ToF meff. s 80 —— 50ps timing @ r=0.25m 9
0.6 m==m 20ps ToF K— mis. H : T
[ —— 30ps ToF neff. i" . 102
[ =-==-: 30ps ToF K—m mis. - & —— r=250mm, 2 layers
04— — 5gps Io::(zelf. 4 ] 60 2 -- r=250mm, 3 layers
‘[ -=---: 50ps ToF K- mis. pemT L, 3 = — T
[ —— 100ps ToF meff. .- g H S ol N r=450mm, 2 layers
C mm 100ps ToF Kormis. ..o~ § a0 S 10 -= r=450mm, 3 layers
~90mm 0.2 b g —e— current 2D track trigger
e R - ¢ <
> 20 S1072 |
CDC outer wall T <
25 3 35 2 : £
. -4
momentum in GeV/c 0 0.1 02 03 0.4 o5 107 2 3 4
p_Tin GeVv/C number of tracks

» Interesting concept for longer term upgrades. R&D needed
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Upgrades and physics performance

No»

e VXD systems: The proposed upgrades all improve occupancy levels, with higher robustness against tracking

efficiency and resolution losses from beam background. This implies improved tracking efficiencies with pr < 200

MeV/c.

CDC: The proposed electronics upgrades improve the quality of tracking through cross-talk reduction, and faster
more reliable triggering. This affects general tracking efficiencies, as well as dE /dx measurements.

TOP: The TOP detector’s sensitivity to single photons, i.e. the quantum efficiency, will degrade under irradiation
without sensor replacement and upgrade. This directly impacts overall efficacy of the TOP system, as well as
time resolution, which is critical for particle ID PDFs.

ECL: Three upgrade options include new pure Csl crystals with APDs, a pre-shower detector in front of the
ECL, and an option where the existing CsI(T1) are read-out with APDs. The performance of the ECL will
degrade with higher background rates. At nominal luminosity, the efficiency may decrease by around 50%
for m° reconstruction, while extra energy (Egcr) and pulse shape discrimination techniques will degrade in
performance.

KLM: The RPCs will be replaced with new scintillator layers to handle high rates, and an overall upgrade to
read-out will be considered with better timing resolution. The inner layers of the KLM may suffer hit efficiency
losses of order 10-30%. While this can have 2-5% efficiency losses for muons at momenta below 1 GeV /e, it may
lead to 20-30% losses in K} detection, due to the much lower penetration depth of hadrons through the iron
yoke.

Solid angle coverage (e.g. STOPGAP): The current particle identification systems still lack full coverage, such
as regions between TOP bars, and the backward endcap. This may adversely affect analyses that require strong
vetoes based on particle identification. STOPGAP-like upgrades could remedy this.




