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Precision Standard Model Calculations: 
One example for crucial theoretical input 

 

A. Denner et al., Eur. Phys. J. C71(2011)1753 
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The CMS Pixel Detector at LHC/CERN 
Developed and built at PSI  
in collaboration with ETHZ and UZH.  
48 Mpixels @ 40MHz.  
Deployed in 2008. 

A typical event with 2 muons (red) and 2 kaons 
(yellow) from a Bs decay. Most other particles are 
pions. Reconstruction based on the pixel detector. 

Position resolution 10-20mm 

Bs production at the primary 
vertex 

Bs decays to 
2 muons and 
2 kaons 
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Installation of Present Pixel Detector  

Pixel Installation 

28. July 2008 
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BPIX / FPIX Envelope Definition & Insertion into CMS 

 4 

2017 2015 2012 

Pixel Upgrade Project under way. 

4 layer barrel and 3 disks per side. 

New Read Out Chip Design:  

PSI46dig+ pixel rates  < 600 MHz/cm2 

Much reduced material budget. 

CO2 cooling. 

 

Strong Swiss consortium: PSI/ETHZ/UZH 

PSI coordinated effort. 

courtesy: Roland Horisberger 
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courtesy: Urs Langenegger 
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courtesy: Urs Langenegger 

PRL 107(2011)191802,  

recently updated 

CMS with 5fb-1  

JHEP 4(2012)33 
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courtesy: H. Nishiguchi 
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PSI East 

PSI West 

Aare 

The Paul Scherrer Institut 
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The 590 MeV Ringcyclotron at PSI 

2.2 ... 2.4 mA 

1.3 ... 1.4 MW 
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Test operation at 2.4mA 
(exceeding 1.4MW) 

 

http://gfa-status.web.psi.ch/ACSstatus-g-r.html
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Intensity machines 
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Intensity machines 
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The intensity frontier at PSI: p, m, UCN 

nEDM 

mp / mHe Lambshift FAST 
MuLan/MuCap/MuSun 

MEG 

PEN 

PIF 

nTRV 
The world‘s most powerful 

proton beam to targets: 

590 MeV x 2.4 mA = 1.4 MW 

The world‘s highest intensity  

pion and muon beams, e.g., 

up to a few 108m+/s at 28 MeV/c 

The new ultracold 

neutron source,  

ramping up, designed 

for 1000 UCN cm-3 

Swiss national laboratory with strong international collaborations 

Precision experiments with the lightest unstable particles of their kind 
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High Intensity Proton accelerator & UCN Source 

UCN-Source 
Status: -1st test beam 12/2010 

-Safety approval: 06/2011 

-UCN delivered 08-12/2011 

-Improvements in cryo-system  

during winter shutdown 11/12 

-Optimization ongoing 03-08/2012 

-Expect UCN delivery 08-12/2012 

Beam dump 

nEDM 

590 MeV Proton Cyclotron 

2.2 mA Beam Current 
(testing 2.4 mA) 

http://gfa-status.web.psi.ch/ACSstatus-g-r.html
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Installing nEDM  

at PSI in 2009 

Coming from ILL 

Sussex-RAL-ILL collaboration 

PRL 97 (2006) 131801 
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nEDM 
Status: -1st test beam 12/2010 

-UCN measurements 08-12/2011 

-optimizing magnetic field homogeneity and stability 

-optimizing Hg magnetometer performance 

-optimizing Cs magnetometry 

-optimizing UCN handling and measurement cycles 

-expect nEDM data taking starting 08/2012 
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The intensity frontier at PSI: p, m, UCN 

nEDM 

mp / mHe Lambshift FAST 
MuLan/MuCap/MuSun 

MEG 
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PIF 
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p+  

First (very rough) estimate: 

300 x more m+ 

~ 3 x 1010 m+/s 

Very preliminary! Under study 
P.-R.Kettle, M. Wohlmuther, work in progress 

Ultra-high intensity muon beam line 

Spallation target as a muon source? 
Larger energy range of p production exploited 

Stopping volume substantially larger 

Higher Z 

Target window: surface muon source 



Klaus Kirch 26 ECFA, PSI, July 19, 2012 

Next Generation Facilities & cLFV experiments 

PRIME/PRISM 

     COMET Mu2e 

 Y. Kuno 

Mu2e 

Photo c/o Fermilab and Sandbox Studio 

J-PARC  cLFV µe Conversion (Pulsed!) 
Staged Expt:  
(i)COMET (2019-2020)  1011 µ-/s 
(ii)PRIME/PRISM (>2020) 1011-12 µ-/s FNAL   cLFV µe Conversion (Pulsed!) 

Staged Expt:  
(i)Mu2e (2019-2020)  51010 µ-/s 
(ii)Project X Mu2e (>2022) 21012 µ-/s 

Stage II 

PSI  cLFV µe µ3e (DC) 
Staged Expt:  
(i)Mu3e I (2014-2017) pE5  2108 µ+/s 
(ii)Mu3e II (>2017) SINQ >1010 µ+/s 

courtesy: P.R. Kettle 
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A new search for meee 

aiming in a stepwise 

approach at 

10-15 (2017) and 

10-16 (thereafter at HiMB) 



Klaus Kirch 28 ECFA, PSI, July 19, 2012 

The high energy frontier: PSI involved in LHC physics 

PSI High Energy Physics: 

leading house of the CMS 

barrel pixel detecor*  

PSI lead analysis searching for 

the rare decay  

PSI particle theory with many 

established contacts to the 

experiments. Relevant, e.g. in 

recent work of the LHC Higgs 

Cross Section Working Group 

 

  

Si pixel detector Physics Analysis Collider phenomenology 

A. Denner, S. Heinemeyer, I. 

Puljak, D. Rebuzzi, and M. Spira 

Standard Model Higgs-Boson 

Branching Ratios with Uncertainties 

A. Denner et al., Eur. Phys. J. C71(2011)1753 

* also key in CMS pixel upgrade  

PRL 107(2011)191802,  

recently updated 

CMS with 5fb-1  

JHEP 4(2012)33 

7.7 x 10-9 

 

1.8 x 10-9 



Recent results from particle physics at PSI 

The most precise value of the  

proton charge radius via a  

measurement of the Lambshift 

in muonic hydrogen  

The most precise measurement 

of any lifetime: the muon‘s and 

a 0.6 ppm determination of the 

Fermi coupling constant 

 

The best rare decay limit: 

A new search for me yields 

a branching less than 2.4x10-12  

P
S

I 

MuLan 

t = 2 196 980.3 ± 2.2 ps  (1.0 ppm) 

2010 

Bound state QED Weak interaction New physics search 

R. Pohl et al., Nature 466 (2010) 213 D.M. Webber et al., PRL 106(2011)041803 J. Adam et al., PRL 107(2011)171801 

meg.psi.ch www.npl.illinois.edu/exp/mulan/ muhy.web.psi.ch 

MEG 



Present flagship experiments 

Aiming at a sensitivity (95%CL) 

of 5x10-27 ecm in 2-3 years on 

the neutron electric dipole 

moment 

 

MEG nEDM Precision measurements 

& New physics searches 

meg.psi.ch 

Search for meg aiming at a 

sensitivity of a 6x10-13 

over the next couple of years  

& upgrade plans thereafter 

1940             1980              2020 

10-1 

10-16 

10-13 

10-11 

10-5 

m → e  
mA → eA 
m → eee 

MEG 

nEDM 
nedm.web.psi.ch 

Strong  CP-problem 

Susy CP-problem 

10-26 

10-19 

Recently completed with final analysis: 

 MuLan (muon lifetime) 

 pp (pionic hydrogen spectroscopy) 

 nTRV (time reversal violation in n decay) 

Completed, first results available: 

 FAST (muon lifetime) 

 MuCap (muon capture on proton) 

 PEN (pen branching fraction) 

 mp-Lambshift (proton charge radius) 

Running, first results available: 

 MEG (me search) 

Running, starting up, in preparation: 

 nEDM (neutron electric dipole moment) 

 MuSun (muon capture on deuteron) 

 mHe-Lambshift (helium charge radius) 

Conceptual phase or letter of intent: 

 n2EDM (neutron electric dipole moment) 

 m3e 

 neutron lifetime 

 Muonium spectroscopy 

 

http://meg.web.psi.ch/logo/index.html
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Brilliant m+ beam with orders of 

magnitude improved phase space 

compressing stopped m+ 

 

 

 

 

 

 

  

 

D.Taqqu,PRL97(2006)194801 

Projects in preparation and R&D at PSI 

High intensity beamline 

exceeding 10 9 m+ /s 

e.g. SINQ spallation  

target window as a  

surface muon source? 

(P.R.Kettle, M.Wohlmuther, 

work in progress) 

  

n2EDM meee muon beam R&D 

Aiming at a sensitivity (95%CL) 

of 5x10 -28 ecm on the neutron 

electric dipole moment 

Search for meee aiming at a 

sensitivity 10 -15 to 10 -16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 courtesy: A.Schöning 
nEDM 

n2EDM 

Strong  CP-problem 

Susy CP-problem 

nedm.web.psi.ch 

10-26 

10-19 
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Coming up 19-25 Aug. 2012 :  

The PSI Zuoz school (21!) on Particle Physics:  

„Closing in on the Standard Model“  

 

2010: „Gearing up for LHC Physics“ 

The 20th Zuoz school on Particle Physics 

http://ltpth.web.psi.ch/zuoz2010/pictures/DSC_4135.jpg
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3rd Workshop on the  

Physics of Fundamental Symmetries and Interactions 
at low energies and the precision frontier 

Sept. 9-12, 2013 
Paul Scherrer Institute, Switzerland 
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 Topics:  

• Low energy precision tests of the Standard Model  

• Searches for symmetry violations – e.g. T, CP, CPT,   

Lorentz, Lepton flavor, Baryon number  

• Searches for new forces – e.g. spin dependent 

interactions, modifications of gravity or weak interaction  

• Precision measurements of fundamental constants  

• Fundamental physics with cold and ultracold neutrons  

• Advanced ultracold neutron sources  

• Searches for permanent electric dipole moments  

• Precision experiments with pions and muons  

• Advanced muon sources  

• Exotic atoms and molecules  

• Precision magnetometry  

• Advanced detector technologies  

PSI2010: 150 Participants 
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Welcome to PSI and  

Thank you for your attention 

I wish you a pleasant stay at PSI  

and a fruitful meeting  

Fr afternoon we offer a facility tour 

Zuoz: 19-25 Aug, 2012 PSI2013: 9-12 Sep, 2013 

http://ltpth.web.psi.ch/zuoz2010/pictures/DSC_4135.jpg
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Particle Physics applications and spin-offs 
for PSI, for CH, and for use world wide 

Detector and DAQ 

xray detection, www.dectris.ch 

DRS-4, drs.web.psi.ch 

elog, Midas 

MSCB, SCS-2000 

thin wires, point welding 

thin foils, stretching, glueing 

thinnest foils 

carbo-copper 

 

 

mSR UHV-cryostat potential sensor, fuel cell 

DRS4 Evaluation Board  

SCS-2000 

Swiss Economic Award 2010 
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SYN/LSY 

NUM/LTP 

LOG/AIT current collector, fuel cell 

http://www.psi.ch/media/dectris-ltd-wins-swiss-economic-award-2010


Klaus Kirch 37 ECFA, PSI, July 19, 2012 

Distribution by points of emphasis; 320 MCHF 

(PSI and third-party contributions) 

Budget 2011 

Particle Physics 

10 % 
Nuclear Energy 

Research  

15 % 
Solid State Physics 

and Materials Sciences 

40 % 
General  

Energy Research 

18 % Life Sciences 

17 % 
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The PSI UCN source 

 

final assembly during 2010 
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Improvements  Dec 22, 2010  Aug 31, 2011:  x 48 

Calibration pulse: 

2mA for 2s 

all shutters open 

Dec2010 

Aug2011 

First results from UCN source commissioning 

(effectively 2 months) 


