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Target of u+—e+y search

Flavors in quark, neutrino sectors are Standard Model of Elementary Particles
violated in SM o
Charged Lepton Flavor Violation (CLFV) it lfaae )fndae )
practically never occurs in SM : Br(u—ey) ~ 10-54 » w (& w @ ': 9 .
. _ up charm top gluon Higgs
CLFV is suitable to search for new ?Mthm
physics "0l 01-0|[ @
- No background from SM down strange bottom photon
No reason to conserve flavors in new physics BSM -
Many new physics predictions in a CLEV L e 4— N 4- T
measurable region eectron j{ muon |
SUSY-seesaw, SUSY-GUT etc.: Br(u—ey) ~ O(10-14) “<“Neutrmo*Oscillation o
Reachable with the state-of-the-art experiments! | "d“;zn ”m;‘: - t;:t | C bgn



Er,Ee ~ 52.8MeV
Y Oer=180°, Tr=Te

u+—e+y signal and backgrounds
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Resolutions

Elapsed time
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Normalized Photon Energy (y)

» NBG « Ry2 x AE2 X AEe X AQey? X Atey X T Good resolution crucial

to lower the accidental
background (Ngg)



MEG |l experiment

. . PSI 590MeV proton cyclotron [
MEG Il experiment 112.4mA, 1.4MW in Switzerland
- Lepton flavor violating u—ey search g produces > 1x10%u/s

. . .
e s mmm s it ap e, S Y ST

—— 50 Discovery

90%:C.L. MEG 2011

BR(u— ey)

IntenSity frontier experiment 8 v 7 \:\*i 1074 = é::z::z:::: S SO — 90% C.L. Exclusion |
S ‘.?.1?"/{?&.,:‘: MEG 2013+

Br(u—ey) < 4.2x10-13@ 90%CL
(5.3x10-13 Sensitivity )

10 ¢ :

MEGII in 3 years

- MEG — MEG Il upgrade concept

Intense muon beam
Up to 7x107 p+/s stopping at target at PSI

Twice better resolutions for all detectors — Search for Br(u—pev) ~ B6x10-14
Twice better detection efficiency (90% CL) in 3 year physics run
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MEG |l Detector

Liquid Xenon y Detector
900L LXe, 4092 MPPCs + 668 PMTs

Better uniformity w/ VUV-sensitive \
12x12mm2 SiPM | '

15H/\#f(15aA562-5 Downstream Q’

x2 resolution everywhere

COBRA SC Magnet
Upstream

ra
''''''

Up to 7x107/s

16 B2 T (16aA573-9)

16 H B H(16pA573-2) \ caamuantiy

17H3&(17aA572-8) e x2 beam
17HEH(17aA572-10) intensity

Radiative Decay

Counter Y
of radiative BG (e+ Single volume He:iCsH1o

small stereo cells, more hits
158 K% (15aA562-6 3EfiEH)
Pixelated Timing Counter

30ps resolution w/ multiple hits %D efficiency

15H51&(15aA573-8)
1L1745(15aA573-9)




DCH [
, | ? Michel WF_leoF_1% 02 05 378472.374352] x Michel WP _iscP_1%_02_0T% cccupancy 2 « 0 from D5 (mask = 51, rune J95603-336757) | J
What’s new In T A
- N . | 400 f

E - 1 E _[140
200jmw“m;mwwum“mww,wwmhgumwuéwuw_t 35() ZOOT"MM_NMMMHT“Mwm:meHg”mMmﬂme“t
o 4 > 10 D i 9 10 -
: : : B 11N\ - =300 - /. /8 % 11 -
T S0 1250 : out (gam i
sub-detectors o ez b o L o O @) 1152k 2 0 | 80
: channels | : e R HH: T
: : . : : : i i disconnected: h |
+ Mass production, and the delivery finished in March 2021 [l \® 1 : ™ 6 chemnets i
Sub-detector preparation ( May—July ) ¢ 4 3> Moo : 43 & :
. . . o _200_...‘.”.....;.. RO AR, Al =200 o
- Liquid xenon detector / Drift chamber /Timing counter / - DI p _ !
DS RDC : full channel readout, calibration, performance L T T T i, G e R . P
tud “=300 -200 100 0 100 200 300 V=300 -200 -100 0 [} 100 200 300
S u y [llllll] 2 HV cables accidcntallvdis«:onr»ectc-dinside[n“n]
US RDC R&D W|th RPC qu u Id xenon L‘"leendr:.apalternptcgﬁio reconnect a signal

1000.00

Trigger setup ( Aug—Sep )

Self, time coincidence (12.5 ns window), direction match
— muegamma trigger ready on 25th September

Physics run ( 25/Sep — 22/Nov )

TDAQ rate improvement by online data reduction (~20 to
5 MB/s)

Different beam intensity (3—4—5x107u/s)
CEX run ( Dec)

Energy scale and performance study near signal region
with pion beam with Liquid Hz

‘ \-ccooo-oco 2@
‘ : \ O 000000000
|
|

12.02

Orange: 2020



Full electronlcs preparatlon

s ”' ' | | “ﬂm“"
. WaveDREAM S 1 Lo 4 %

+— WDB (x35)

Waveform digitizer for all the detectors ~ 9000
channels

_—

<— Trigger

+ Hardware improvement |5 PN B
WaveDREAM final board (choke coil added) [RS8 Y § (SRR ,_ iy §

. . | 'y g < = : > :

Replacement of DC-DC converter, noise shield Filiits § LS | ,«\ -
. o v B AITY ‘ {' ) -

for crate controller, shielded network cables s w1 PR ) N

Noise contribution to the energy resolution in pedestal

[ Xe 8 120b e
. > 120 ' 2020
Negligible: 0.1% at 52.8MeV = b

'+ Ingger logic 0 T T
Ey > 40—45 MeV - |
|Tey‘ <12.5ns

Direction match condition : e-y hit positions
correlation 20
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CDCH operation

- Run 2021 conditions

Stable operation up to 5x107p/s
No broken wire

Detailed study for resolutions,
efficiency possible with full channel
readout for the first time

e+ momentum distribution e+ hit map
- Prospects - (e ] = 300 e Raane
p | 100005’“‘4 .......... fd"e:l"es ......... ‘10(:;;9;2 E - " 930
No re-opening CDCH _ StdDev | s 3198 | = 200
. . . . E . fracl : . + 00052 180
Bad channel investigation in the 8000 e e 4 |
external volume ~ | 0524 +0.0669 .
6000k i g 187 +0.05 1B B
| R Lo g — M _J
- Preparation of CDCH?2 b ___24ibs + 0067 - ™
Better efficiency, stable operation 4000 - f o0
Thicker cathode wires: 50um Al(AQ) ) ' ' ' E M
. L. 2000 -
Delivery at PSI in time for 2023 run - , - L
- %50 200 —100 0 100 200 300
g [mm]|



DN ~ 201
AN —~ ®  Measured PDE 2017-2019
N o g {8 e cm e emmeeglieens eeens cmeee seae eeemmemee e
detector (LXe) Issue R A TR T S — ) Linear extrapolation from 2019,
< ¥ > > -
~ ~ [ .ee. 2017 (not so reliable) :
~ o N 14:: | —— PDE after annealing

- MPPC PDE decrease Unknown drop

(Beam tuning in 20177)

- observed in 2017 under muon beam -

4
-
NN
— . S S AT SRR, EEE. NS W EE- e g = <
£ 7
R F 4 -; -'*.
w' S S sl

The cause to be investigated 15- 17% -> 10%; 222, ~T0 days
_ _ 30 ~ 60 days from extrapolatio <0,
Based on 2021 operation, PDE will ‘

change from 16% to 2% in ~100 days ~20 0 20 40 60‘ 801 00 120

MEG Il intensity | -
PDE loss in 2021 vs PDE_,_ ,

Annealing recovers PDE fully

o

-

rh
—

Not annealed

- Strategy for run 2022

L Xe MPPC can sustain
~ 120 days with 5x107 p/s

- Beam intensity optimization necessary

»+ Annealing for all MPPCs during

.. Each point: MPPC

e Annealed

PDE decrease
rate in 2021 , .,
. 10S8S

...........

i 111 lllIIIIllllllllllllllllllllllll
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RMD event detection

- Dataset u—evvy event

Physics run: Oct. 28 — Nov. 17, 2021 83800 i IR MDPeak -
Beam intensity: (3—5)x107p/s a @ 12028
| A - 2.984 -

u—ey trigger f’a’ | S | R T SR e
: = _ _

- Analysis & i o J XM 2266/ 22-
Event selection ; 2T 120
. . . N 4613 +324-
Invariant mass, positron track quality, e —

: : B 2936 +0.008
positron propagation, etc. - i}

- 0.107 £0.010 -

-+ Observed clear RMD peak

Tey resolution : ~100 ps (preliminary)

Still to be improved (LXe photosensor
calibration, other systematics, etc.)

Already better than MEG (122 ps)

t., at target [ns]
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Detector performance summary

P- ee Ey Xy Tey

MEG 380keV/c 9.4mrad  2.4%/1.7% 5mm 122ps 30% 63%
Proposal 130keV/c  5.3mrad  1.1%/1.0%  2.4mm 84ps 70% 69%
ton (2 100keV/c ~ 6.7mrad  17%/17% 24mm  70ps 65%  69%

Updated (2021)*

MEG Il
Currently achieved**

<150keV/c + 7.2mrad : 1.8%/1.8% 2.4mm  <100ps : >47% 1 69%

' Projection from current estimates under conservative,
' assumptions on foreseen improvement .

* . Symmetry 2021, 13(9), 1591
** . Beam rate = 5x107 u/s

The numbers are still preliminary, and more improvements are foreseen.
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Physics run in 2021

- Physics run
Sep. 25 — Nov. 17, 2021 (53.6 days)

o 1 | ' | ' I I
DAQ live time : 33.8 days = L _
a—

. SenSItIVIty estlmate §_ LO.S_ ...................................................................................................................................................................................................................................................................
N, estimated from delivered proton current Z T 7
converted to normalization factor 0.6 o i

o 3x107 2x10 '3x10” | 4x10’ 5x10’

Nsig / BR ~ 1/SES % i R )
Assuming efficiencies with uncertainties g T ——
Normalization factor will be estimated later ;5 - -
with Michel positron counting 0 ppescde20 | prescaled G prescale L gl e

- Expected sensitivity with data 2021 - - -

-M l A 1 | - A . l
. (5.3—6.1)x10-13 O 30/Sep/21 14/0ct/21 28/0ct/21 11/Nov/21 25/Nov/21
Already comparable with MEG sensitivity Date

12



https://www.psi.ch/de/sbl/schedules

Physics run in 2022

- Beam time allocation
24 weeks from June 6

The last 3 weeks are suspended (MEGII/Mu3e)

- Schedule

One month detector preparation & beam tuning

Physics run from Mid. July until October

CEX run in November

One week for Upstream RDC (RPC) beam test

Last update: 1/28/2022 9:16:54

Area

PIiES

Experiment

R-99-05.2 MEG
R-12-03.1 Mu3E
R-16-02.1 HyperMu
R-22-01.1 PIONEER
muSR Pixel

-+ Stable & long physics data taking to go
beyond MEG

Still expected to be statistics-dominant

Successful LXe MPPC annealing extremely crucial

-+ Assumption

DAQ time for physics run : 100 days

Beam rate: 5x107 p/s (still to be decided)
— N, =4.9x1014

Beam Schedule 2022

<stefan.ritt@psi.ch> Month April May June July August September October November December
Week number| 14 |15 (16 (17 | 1B |19 |20 (21 |22 |23 |24 |25 |26 |27 (28 (29 |30 |31 |32 (33|34 |35|36 |37 |38|39|40 (41 (42 |43 |44 |45 |46 |47 |48 (49 (50 |51
Availability _ ,
Daysf O (O |(O}|O |7 |7 |3 |7 |6 |7 |3 |7 |6|7|3|7|6 |4 |4 |7 |7 |6 |7 |37 |7 (6|7 |3 |7 |7 |6 |7 |3 |7 |7|6/|4
> | > |>|=]|= ¢ le | < o|lo|o|o
>12|12|12|515/18|8|8|c|5|5|5l<lelelclz|z|E|E|ElelE 8|8 101218185 8|8|8|2|8|8
Start(Monday)| = | S [ 2[RI (SN2 |9Q|19QQ)|= g BlIZI2laI8Izl2123IRI2I15I2I8I81%(2]2
S1I2|21Q R g 2lIsISIg2|gI213I3151g818s518(1¢8 C|lgdINlo SO N8 2 F &2 O N[O
BRIBR|IRN|BIRIRN|IBR|IBR|IN|BIN|N|IN|IB|R|B|R|INI[N|IRIN|IB|BR|IN|BR|B|N|N|IBRIR|IR|BR|R|BI[B|R|IR|R
S1E8\5(5(2|2|2|s 5|85 clelelelelz|clale|gle|€|S|glele|e|e|3lE(g (R 8|8
End(Sunday)| = (S [N [ (2 (3 |NIN|2[S|ZIR|E[(S|S|In|a|€|3[n[N|RR[(S|SIN|&|&|I3 N[ |(NIN|2L|S|3]|®
olN|[a|2|@|a|N|le|d|In|je|o2|d|e|x|(2|2|J(2|2|2(8|2|(/a|B|g|2|(R|(Q|d|w|Q|X|[f|=2|x|a
PSI Contact BIRINIBIRINIBIRBRINIBIRINIBIBIB|IBIBRININIBINIB|IBRIN|IBIBIN|IBIBIRIBIB|IRIBIRIN|IR|RN
Papa Mori
Meier Schoening -
Antognini Antognini
Knecht Kamme| -
Meier Meier




Expected sensitivity

- Sensitivity estimate

Branching ratio sensitivity calculated with likelihood analysis
Large uncertainty in detector performance evaluation

- EXxpected sensitivities

Data 2021: (5.3-6.1)x10-13
Already approaching MEG sensitivity (6.3x10-13)

Data 2021+2022: (1.2—1.4)x10-13
Well beyond MEG sensitivity (5.3x10-13)

+ Prospects

Further evaluation of the detector performance with data
2021/2022

More reliable sensitivity estimate

Observed detector performance is already not far from what
we expected, but a lot of improvements are foreseen.

14
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Conclusion

- The MEG Il experiment has started physics run in 2021, and continue it in

2022.

In order to extract the maximum sensitivity, the optimization of detector
calibration methods, beam intensity, and further improvements will be
expected.

- This year’s sensitivity will reach well beyond the MEG experiment, and we

will aim at reaching our target sensitivity (6x10-14) within 3 years.

15



MEG |l Status before 2020 run

‘4

. All detectors are 7.V '“_’TC’ Basic performance test

with muon beam finished

constructed

- 20% of electronics
readout channels

are produced and

Constructlon finished in 2017. | E -
tested Performance check ongomg \

3bu- camera. (Hicon mneta ) -

.......
’ P

,,,,,

+
v
QQQQQQQ
v

pstream

‘ _ Basic performance test
RDP with muon beam finished

ol

Positron

plastic scintillator (e+

for timing
LYSO for energy

' o,
‘ 2
y .

&&&&&&

PR

20% of WDB tested
Mass production this year

- -

Constrﬁctlon finished in 2018
Stability check under muon beam ongoing



Solution for drift chamber discharge

Different gas mixtures were tested under muon
beam run in 2020

1.2 voltage WP WP 1400 V

Only water, CO2, or O2 was not effective 1400V
Adequate gas mixture was finally found i
He:iso-butane= 90:10 +H20 3500ppm-+pure Oz 2% 1000 V

Nominal HV at MEG Il intensity (7x107u/s) was achieved.
One wire might be broken during this test

Due to corrosion by water?

Water was replaced with 1% Isopropyl alcohol, and it worked!
O concentration reduced down to 0.5% ?:5 (—
Attachment of electrons loses electron in the drift (lower gain) i " —

Final gas mixture
He:iso-butane = 90:10 + Isopropanol 1% + O2 0.5%

17



Drift chamber broken wire problem

- Wire breaking was induced by humidity

Corrosion evolved with water & wire tension

+ Drift chamber had been operated In

closed condition with dry environment

Small amount of water vapor (13% relative
humidity) induced a wire breaking in 20207

No wire breaking in 2021 with isopropyl alcohol?
Wire removal work is necessary In this spring

- Discussion for drift chamber 2

With thicker cathode wires (Ag/Al 40— 50~60um)
Backup and better solution

Two years necessary for production,
the current chamber will be anyway used until
CDCH2 ready

Sensitivity estimate from e+ 13aT2-1 FER » CDCH re-opened on 16/02

_ » During the short period with the chamber exposed to the cleanroom
e* reconstruction14al3-7 |7C_| o .I 8 atmosphere T was 22-23°C and RH did not exceed 35%




Malter effect and free radical formation

insulating layer CATHODE SURFACE

|
Whisker 4 ¥
on cathode %lom A radical ready
to polymerize
) Neutral GAS FLOW

= Charged polymer partially
@0 stuck to the

Avalanche —% 0 .. Polymer stuck surface
: m ) to the surface (a Whisker)
L l 4 S 2 |

;athode ANODE SURFACE

Malter effect Free radical formation

Polymerization

fragmentation of chamber gas molecules can form free radical which deposits on wire surfaces
Charged polymer can be stuck to the surface (like Malte effect) = induce current

Oxygen

can be radical in plasma under muon beam, and can attack the polymer (plasma cleaning)

Isopropanol (Water)
can mitigate the surface charge deposit, but can not remove the polymer

19



Humidity effect

Test were performed in Lecce and in Pisa

Aluminium wires were immersed or sprayed with demineralized
water and with 3% water solution of NaCl

In all cases induced wire breaking were identical to the ones
observed on the chamber

The salt near the wire edge contains Al and O: it could be
aluminium oxide or aluminium hydroxide

lodz petol

Wissdow 0005 - €0 935 49 848 o

43

Al 4 3C1™ «— AICl3 + 3¢~
AICl3 + 3Ho0 «— Al(OH)3 + 3HT + 3C1~



LXe performance

v Resolution

"y . = 08—,
Position resolution §E - 13
g 0.7 ] &
- almost consistent with MC expectation 06 o 8
s ‘ 1 B
. . - —7] 9
Time resolution [EEEEEEE 0 o ! LI - | | | :
-~ ~X2 improvement B0 - | ; .
- 82 ps is still worse than MC expectation vy oo * {1 E F RERE
(57 ps) 03— T 5 006 X
;7 o ¢ MEG II Data [ 0.04— dietre/—/— A AT
. 0.2 . i i ; —‘—_‘_ ]
Energy reSOIUtlon 14aT2-2 /J\dvli 0 1_:_ A MEGIIMC ” 0.02 :_ .............. _______ _:
. i —— MEGMC PN SN EEULL) IR I B 3 |
-+ worse than MC expectation ob Lo T T T 0 20 40 60 80 100
0 2 4 6 8 10 12 total number of photoelectrons

- better than MEG at depth<2cm wcm]

Energy resolution @55 MeV

W

S —e— MEG measured ] :

ProspeCtS § ,.f . » MEG Il measured - Data |
: . = —«— MEG I ted i

- Measurements done with a limited | TP :
: T 2 + | ; > MC i

number of channels, and will be updated - — S S S— :
with full electronics 15 $ | £

- Calibration&algorithm still to be p bty ¢ :
improved 05;* . ‘ T £
14aT2-1 S L S
% > 4 6 8 10 2 5 10 15

Conversion depth (cm) w[cm]



PDE

Annealing effect measured by VUV light

PDE_ /PDE__

Ratio

0-25 ] | | | | ] 1 ]
~ | 455 After Anncali . . . : .
= | s Before Ancealic - —— 4 - PDEis measured by a sources after the detector is
. e ore Annealing . A - . _ _ _ _
A e T i3 PDE recovery after annealing is confirmed
[ S — j S PDE value up to ~20% for several MPPCs
N —— ; — —r j j (full recovery by annealing)
o.n; -_——r-_—v._,__,_ QR e ———t— Consistent with PDE measured in lab.
008 U N N = PDEvuv (a) vs PDEvis (LED)
- - - Clear correlation is observed
N i ] i i 1 % i 1 { — PDEvis ~ 0.1xPDEvuv
24 E“ P U S S R —“; We can monitor PDE recovery by blue LED during annealing
== UURR SURRRN: SRR . 4':_:‘ Repe VS Rigp
18 I S 2 24 ] :
' sE- | | P 3 % 22 ]
T - LED charge recovery % [
08— | j 14b ]
05~ N
- 121 - -
’Vw ,5,710728062762280527131’674271627192675?8042807 1 -
4 i L1 A
lea MPPC 55 1 1.05 1.1

RLED




Possible Cause

- Surface damage by VUV-light

Electron-hole pair generated in SiO2 by VUV light
—Holes are trapped at interface SiOz - Si

—Accumulated positive charge will reduce electric field near Si surface, reducing
collection efficiency of charge carrier

e N.B. charge carrier generated within 5nm at Si surface for VUV

- Similar phenomena are known for UV photo diode
e Degradation happens only with much larger amount of light at room temp.
e Degradation seems accelerated at low temp.

from T.P. Ma and Paul V. Dressendorfer, , lonizing Radiation
Effects in MOS Devices and Circuits”,Wiley 1989

N;;: interface trap

e-h pairs
VUV created (@ SiO, formation (Pp)

by ionizing + £

Si

+

radiation

+

N,y deep hole
trapping (E)

near interface

+ o+,

+
—————— ¥

hopping transport of
hole through localized
states in bulk SiO,




Towards annealing for all MPPCs

Two methods are currently considered

Hot water circulation in LNz pipe

Heater(+pump) used for the hot water circulation

to heat the detector to 40°C, 4 hours at minimum
All channels can be annealed at once
No need for cabling : easy

Temperature can be measured at PMT holders
Remaining issues

How fast can we warm the detector?
Annealing is successful at 40°C?
Can we drain water from LNz pipe completely?

Joule heat with HV module

The basic principle for annealing is confirmed
Cabling work is required

Temperature increase must be carefully checked to anneal
more channels at the same time

Hot water method is better, but basic tests for
both will be done this year, and annealing for
all MPPCs will be done in 2022.

24
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US RDC (RPC) beam test

Setup for the test with up beam
- RDC to identifies RMD backgrounds /4 Prees | R G

- DS RDC : ready for the physics run
- US RDC : under development

Extremely low mass (<0.001Xo) because
muon beam must penetrate it

Resistive Plate Chamber (RPC) with
Diamond-Like Carbon (DLC) resistive

electrodes is under development The design will be finalized

Efficiency > 90%, oi<250 ps fulfilled < trigger - based on these results
counters ' -

Remaining concern

does it work under high rate
U beam?

RPC beam test was performed

R PO SR < |\ + muon signal was successfully
| obtained, and voltage drop is
also observed as expected.

RPC beam test

13aT2-2.3 A&, K& Engﬂ...' Pulse height of p sy - Pulse height of  in

| inlow rate | ::}::f hlgh rate (~2 x 107;¢/s)

Y e SIS0 e =G bbbl

T : S l“"F . A

% of Entry

—
<

T asLs) m——
|

RDC 104: ':::::::::::::E::::': R y :::::::::::::::::fE::::::::::::::::
(undel‘ Py A | | S S ———————

,,,,, development)

DS RDC =
(already © <88
installed) X ety

1 zf%:| | = b
0 0.1 l 0.2 0 3 0 4 0.5 b N 0 4 0 5
2 5 pulse height [V] DU|SC height [V]

m RPC prootye chamber




3cm

US RDC (RPC)

3cm

US RDC

High intensity muon beam will pass through S

High detection efficiency (90% for 1-5 MeV e+) Z A —#— (200-500 2 m) m

Ultra low material budget ( <0.1% Xo ) | ——————

DLC (100nm) | | | | | |
High rate tolerant (108 pu/s) HT by (50umyc
Diameter 20cm ‘ m

. _ _ Al ZE&H L (100 nm)
Ultra thin gaseous detector (RPC) with E

diamond-Like-Carbon (DLC) resistive electrode
. R134a (Freon) based gas efficiency vs electric field

S

Gap thickness : 200um - 2mm g w?gﬁ;

DLC: high resistive material w/ mixed structure of sp2 bond s J 3—33;55 . .

and sp3 bonad o2 meron_| . Rp——
DLC sputtering on 50 um Kapton “r . .

Resistivity adjustable 3 . 3

High efficiency can be achieved by multilayer design 20 . g

26 68 7 7.2 7.4 7.6 78 B 82 8.4 86
electric field [kV/mm)



PSI accelerator

Injector cyclotron . ! s | .!
" 590 MeV cyclotron 'y Proton therapy \
— + Aar|W X
Lye:2.4mA, 1.4 MW I - 3 &
50 MHz ’ ' 3 AN -
é(
. o
TATTOOS | . L —
. 100 pA for Spallation source for ~ &=
: ,.‘ ¢ A Isotope. - ultracold neutrons
s '8 production nEDM experiment

CHRISP - Swiss Research InfraStructure for Particle physics at Paul Scherrer Institute in Switzerland
World most intense DC muon beam available : > 108u+/s
High precision particle physics experiments complementary to the experiments at the highest energies at CERN’s LHC

There is an upgrade project, HIMB (High Intensity Muon Beam) project, 1010 p/s

Science case workshop 6-9 April 2021
Conceptual Design Report by end 2021
Implementation during 2027/2028 during 16-months HIPA shutdown
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After MEG

High Intensity Muon Beam project
(HIMB) at PSI

- 1070 p+/s (100x improvement)
CDR by end of 2021
Implementation during 2027/2028
Science Case workshop 6-9 April 2021

Future y—ey experiment for CLFV
Goal: Br(p—ey) ~10-15

Discover new physics and precision
measurements

Detector R&D to make maximum use of HIMB

Resolution improvements
Calorimeter — converter + pair spectrometer

High rate tolerance

Drift chamber — Silicon detector £

Possible to measure p—eee at the
same time

|
\)

1.2 % 1011 p+/s 13x 10" /s o TgH

Source

7.2%1Q0° ut/s
C ~6%

3.4 x 1070 pyt/s

Capture C ~ 96%

| Existing uE4
beamline

I

—n Gain due to high capture
and transmission efficiency

| Solenoid-
based
' beamline

r 5x 108 ut/s 1.3 x 1070 p#/s
T~7% Transmission T ~40%
Total ~ 0.4% Total ~ 10%

" beam

5 X10%s7)

Muon stopping
argets

28



Future u—ey

- Positron spectrometer

i a—
HV-MAPS + scintillator or mRPC e
Resolutions

energy 0.3%(150keV) - time 30ps * angle 6mrad -
detection efficiency 70%

Gamma converter + pair spectrometer

Resolutions
energy 0.4% (200keV) - time 30ps - position

0.2mm - angle 50mrad - detection eff. 60%
AV IN—5 —
RV AR hOX—45 —

(Ll

GEF~TY—

measurement

\___1____/

Timing’
measurement

2Momentum

measuremen

', 30°

63 ¢cm




