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Brief Description of 
Experiment

• Approved November 2001
• Situated in Meson Center 7
• Uses 120GeV Main Injector Primary 

protons to produce secondary beams of π±

K ± p ± from 5 GeV/c to 100 GeV/c to 
measure particle production cross sections 
of various nuclei including hydrogen. 

• Using a TPC we measure momenta of ~all 
charged particles produced in the 
interaction and identify the charged 
particles in the final state using a 
combination of dE/dx, ToF, differential
Cherenkov and RICH technologies.

• Open Geometry- Lower systematics. TPC 
gives high statistics. Existing data poor 
quality.
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Physics Interest
• Particle Physics-To acquire unbiased high 

statistics data with complete particle id 
coverage for hadron interactions.
» Study non-perturbative QCD hadron dynamics, 

scaling laws of particle production
» Investigate light meson spectroscopy, pentaquarks?, 

glueballs

• Nuclear Physics
» Investigate strangeness production in nuclei- RHIC 

connection
» Nuclear scaling
» Propagation of flavor through nuclei

• Service Measurements
» Atmospheric neutrinos – Cross sections of protons 

and pions on Nitrogen from 5 GeV- 120 GeV
» Improve shower models in MARS, Geant4
» Make measurements of production of pions for 

neutrino factory/muon collider targets
» Proton Radiography– Stockpile Stewardship-

National Security
» MINOS target measurements – pion production 

measurements to control the near/far systematics
• HARP at CERN went from 2-15GeV incoming pion and 

proton beams. MIPP will go from 5-100 GeV/c for 6 
beam species π± K ± p ± -- 420M triggers. 3KHZ TPC.
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MIPP Secondary Beam
• Installed in 2003. Delivering slow spill commissioning 

beam (40GeV/c positives since February 2004). Sonn 
will increase rep rate once we commission  the detector.
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MIPP Physics Program

MIPP has 4 distinct clientele for its data, 
which are interconnected. They are

Liquid H2, D2 –non-perturbative QCD
p-A, p-rad (aka SURVEY)

NUMI thin and full target measurements

LN2– Atmospheric neutrinos
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Status of MIPP Now-
Collision Hall
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Status of MIPP Now-
Collision Hall



10-Nov-2004 Rajendran Raja, MIPP Director's review 10

TPC installation

• TPC in the Jolly Green Giant magnet. Cabling up 
proceeding. Will be completed in June 2003
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MIPP-TPC

• This Time Projection Chamber, built by 
the BEVALAC group at LBL for heavy 
ion studies currently sits in the E-910 
particle production experiment at BNL, 
that has completed data taking. It took 
approximately $3million to construct.

• Can handle high multiplicity events.  Time 
to drift across TPC=16 µs.

• Electronic equivalent of bubble chamber, 
high acceptance, with dE/dx capabilities. 
Dead time 16µs. i.e unreacted beam swept 
out in 8µs. Can tolerate  105 particles per 
second going through it.

• Can handle data taking rate ~60Hz with 
current electronics. Can increase this to 
~1000 Hz with an upgrade.

• TPC dimensions of 96 x 75 x 150 cm.
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MIPP Cherenkov

•

•
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Time of Flight

• Time of flight ($220K)  . Designed and built by MIPP

5cmx 5cm square scintillator bars in Rosie aperture, 
10cmx10cm outside. ~ 150ps resolution.
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Calorimeters
EM calorimeter followed by hadron calorimeter
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Drift and Proportional 
chambers

• MIPP has 3 sets of beam chambers 
with 4 planes each. It has 4  
chambers downstream of the target 
also with 4 planes each. All these 
chambers have mini-drift.

• MIPP has in addition two large 
PWC’s on either side of the RICH to 
determine the trajectories of particles 
through the RICH. These also have 4 
planes each, but are PWC’s.
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Particle acceptances and 
resolutions

• a)10 Hits in TPC 
• b)a hit in the Cerenkov
• c)a hit in Drift Chamber 10 (just before RICH)
• d)Passage through mid-Z plane of RICH. 
• Regular Target and NUMI target
• Four cases of particles considered
• (Cumulative AND)
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Particle Identification

• TPC as shown can provide 3σ separation with dE/ 
dx up to 0.7 GeV/c for π/K and 1.1 GeV/c for K/p 
as well as ambiguous additional information in the 
relativistic rise region. 

• In the intermediate region, we use a multi-cell 
Cerenkov detector. Light is collected by 96 
phototubes from reflective mirrors. Filled with 
C4F10, the Cerenkov thresholds for π, K, p are 2.5, 
7.5 and 17.5 GeV/c.

• Above 7.5 GeV/c, many particles will go through to 
the RICH counter and be identified. We use a RICH 
counter filled with CO2.

• Threshold         Ne     N2 CO2

• π                  12      5.7        4.9
• K                  42      20        17
• p                   80      38         33
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MIPP Particle ID
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Quality of existing data

• Single arm spectrometers have inherently more 
systematics than open geometry apparatus such as 
MIPP. This is because they must change geometry 
of the single arm frequently and make assumptions 
in calculating acceptances.

• Also single arm spectrometer data are sparse and 
for discrete pt bins. The running time is adjusted to 
give a certain number of particles in the apparatus 
for that setting.

• Open geometry experiments sample the phase 
space uniformly and continuously. They can 
separate primary pion spectra from pions induced 
by the decay of kaons etc. They necessarily need a 
slow spill mode of operation.

• Last open geometry experiment at these beam 
energies with particle id capabilities was the EHS. 
Bubble chamber instead of TPC. 3 years to scan 
and analyze 1 million events. We can do this in less 
than two days.  No kaon and antiproton beams at 
HARP. MIPP will do 6 beam species (π±,K ±,p ±) 
over the energy range ~5 GeV to 120 GeV. MIPP 
will thus exceed in quality and statistics all other 
open geometry experiments done to date by far.
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Purposes of the experiment

• To measure the identities and momenta of particles 
produced  in p±,K±,p± interactions on various nuclear 
targets and hydrogen as a function of beam energy from 
~5 GeV/c-120 GeV/c with high statistics and make these 
events public in 4 vector form on mass media such as 
DVD’s. This will be “Fermilab data set”.This will enable 
the user (theorist or experimentalist) easy access to data 
and help spawn new approaches to understanding these 
non-perturbative phenomena.

• Physics Topics
» Study hadronic fragmentation in particular, test a 

scaling law of particle fragmentation
» Search for exotic resonances such as glueballs
» Relativistic heavy ion physics
» Medium energy Nuclear physics- Nuclear scaling

• Service measurements
» Atmospheric neutrinos cross sections of pions and 

protons on nitrogen and oxygen in the 5 GeV/c-120
GeV/c momentum range

» Measure particle spectra with 120 GeV/c protons on 
the NUMI target on a timescale commensurate with 
MINOS needs.

» Indirect benefit for collider experiments by helping 
with Geant cross sections. Will help the GEANT4 
project enormously to have measured cross sections 
rather than approximate models if a precision tool is 
to be built.
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Nuclear Physics Measurements

• y scaling. y may be thought of as the component of 
the struck nucleon’s momentum along the direction 
of the momentum transfer. The scaling function is 
independent of q2 and represents the nuclear 
momentum distribution This is verified in ep 
scattering. We want to extend this to hadron 
nucleus scattering. It has been tested  at KEK with 
low energy hadron beams (E352). P907 provides 
the ideal apparatus, without modification, to extend 
this beyond the resonance region.
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Relativistic Heavy Ion Physics 
Case (E907)

• Extrapolations from BNL E910 purport to explain 
strangeness enhancement seen at CERN SPS.



10-Nov-2004 Rajendran Raja, MIPP Director's review 23

Ph.D thesis topics from MIPP

• Relativistic Heavy Ion physics
» antiproton production
» resonance production (∆,Ν*,ρ,ω)
» forward pion production and nuclear stopping
» strangeness production
» soft pion production

• Scaling law tests
» 6 beams species can produce 6 different topics each with 6 

different inclusive final states

• Nuclear Scaling
» Demonstration of y scaling
» Extraction of in-medium hadron-nucleus cross sections
» Exploring the physics for y>0
» Analyzing the large loss inclusive spectra for N* 

excitations in nuclei

• Glueball searches and hadron dynamics
» Looking for exotic final states in an open geometry 

experiment with full particle id
» Revisit Regge theory with much improved statistics and 

systematics

• Passage of particles of tagged flavor through 
nuclear matter. Kaons and antiprotons

• In short, E907 is rich in thesis topics and will provide 
graduate students training in hardware, software and 
analysis, since the timescale to do the experiment is once 
again commensurate with thesis time scale.
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Service Measurements

• MINOS needs- The hadro-production 
spectrum on  a MINOS target can be 
measured with the Main Injector Beam that 
closely  matches the beam emittance used 
in NUMI.  MINOS will not build a
hadronic hose that would have emeliorated
their far/near flux ratio uncertainties.
Hadroproduction measurements such as 
the ones E907 can provide are crucial.

• Proton Radiography measurements of 
nuclear cross sections

• Atmospheric Neutrinos- Atmospheric 
Cosmic ray shower models (some of them 
one dimensional!) use Beryllium cross 
sections to extrapolate to Nitrogen and 
Oxygen. HARP will cover the low energy 
part of these measurements. MIPP will 
cover the complete range in energy ~5 
GeV to 100 GeV.
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Minos measurements
• E907 has MINOS collaborators-

J.Hylen,J.Morfin,A.Para(FNAL), 
M.Messier(Harvard),P.D.BarnesJr.,E.Hartouni,D.Wright,(Liver
more), T.Bergfeld,A.Godley,S.R.Mishra,C.Rosenfeld(South 
Carolina)…

• Existing data vs Near and Far detector pion contribution for 
MINOS (Courtesy- M.Messier)
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Minos measurements

•

Near detector spectra- Hadronic uncertainties
Contribute 15-20% to absolute rate uncertainty

Far/Near ratio 2-10% uncertainties 
in near-to-far. Normalization in tail 
important.
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Importance of LH2 data to 
the MIPP program

Bias free topological cross sections exist from 
liquid hydrogen bubble chambers of p±p, 
K±p, π±p data. This will be invaluable in 
understanding MIPP beam tagging and 
trigger efficiencies and final state 
acceptances as a function of momentum.

pp data is symmetric in the center of mass. 
Particle production in inclusive reactions 
such as 

Can be used to relate particle id in the 
backward hemisphere in the center of mass 
to the forward hemisphere as a function of 
beam momentum. This data will help us 
lower the systematics of our particle iD 
from TPC De/Dx, ToF, CKOV and RICH 
detectors, since the center of mass moves 
in the lab as a function of beam 
momentum.

XpXXKpp +++→ ±±± ,,π
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LH2 data helps us study non-perturbative
QCD. Why study non-perturbative QCD?

• Answer:- We do not know how to calculate a single 
cross section in non-perturbative QCD! This is 
>99% of the total QCD cross section. Perturbative 
QCD has made impressive progress. But it relies on 
structure functions for its calculations, which are 
non-perturbative and derived from data.

• Feynman scaling, KNO scaling, rapidity plateaus 
are all violated. We cannot predict elastic cross 
sections, diffractive cross sections, let alone 
inclusive or semi-inclusive processes. Regge 
“theory” is in fact a phenomenology whose 
predictions are flexible and can be easily altered by 
adding more trajectories.

• All existing data are old, low statistics with poor 
particle id.

• QCD theorist states- We have a theory of the strong 
interaction and it is quantum chromodynamics. 
Experimentalist asks– what does QCD predict? 
Almost as bad as the folks who claim string theory 
is the theory of everything! Experimentalist asks-
what does it predict?
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Quality of existing data
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Quality of existing data
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General scaling law of 
particle fragmentation

• States that the ratio of a semi-inclusive cross 
section to an inclusive cross section

• where M2,s and t are the Mandelstam variables for 
the missing mass squared, CMS energy squared and 
the momentum transfer squared between the 
particles a and c.  PRD18(1978)204.

• Using EHS data, we have tested and verified the 
law in 12 reactions (DPF92) but only at fixed s.

• The proposed experiment will test the law as a 
function of s and t for various particle types a ,b
and c for beam energies between ~5 GeV/c and 120 
GeV/c to unprecedented statistical and systematic 
accuracy in 36 reactions.
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Scaling Law

• Continuing on to physical t values, one gets

• Will test this in 36 reactions over several subsets s and t 
independence.
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Engineering Run results

• Had RICH fire. Recovered from it 80% of 
tubes in tact. RICH is now engineered a lot 
more safely
» Flammable tubing on tubes changed
» Base soldering corrections redone where needed
» HV connections made more robust
» VESDA safety trips
» HV trips on sparks as well as over-current
» Nitrogen purge.

• TPC broke wires– Fixed, Anode HV fixed
• PWC5,6 broke wires- Fixed
• Drift chambers made functional– re-fused.
• BCKOVs auto pressure curves. Worked 

well
• ToF wall worked
• Calorimeters worked
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Beam Chamber profiles-
BC2
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Drift Chamber Profiles-
DC1
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Preliminary results from 
Engineering run
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TPC processed event
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TPC event- Upstream 
interaction!
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RICH radii for + 40 GeV 
beam triggers
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Beam Cherenkovs

• Pressure curve Automated- Mini-
Daq-APACS 30 minutes per 
pressure curve.+40GeV/c beam.
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Beam Cherenkovs

• 40 GeV/c negative beam
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Comparing Beam Cherenkov 
to RICH for +40 GeV beam 
triggers-No additional cuts!
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Commissioning Phase

• We plan to install the LH2 target 
towards the end of November. It 
takes ~ 10 days of work to install the 
target for the first time. Once 
installed and certified, it can be 
removed in ~1/2 day. We will start 
up with the LH2 target during 
commissioning. We hope to 
commission the detector rapidly. 
Main improvements-
» Triggering, interaction trigger
» CKOV with C4F10
» BCKOV running at 5 GeV with C4F8O
» TPC DAQ improvements should yield 60Hz.



10-Nov-2004 Rajendran Raja, MIPP Director's review 49

120 GeV proton beam to 
MIPP

• We are currently not approved to run 
120 GeV proton beam to MIPP. We 
have met with Gerardi et al to begin 
the process of safety assessment 
(Chuck Brown, Carol Johnstone)
» How to lower intensity by usage of collimators
» How to prevent 5E12 from being down loaded 

into MIPP?
» What additional safety interlocks need to be 

provided? 
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Run Plan
Sum of Mevents
Program Total
Atm. Neutrinos 3.00
Commissioning 3.00
MINOS 10.01
pA 17.20
Scaling 24.00
Survey 20.79
Grand Total 78.00

Priority 1 2 3 Total
M Spill Seconds 0.2 0.3 0.8 1.3
Million Events 12.0 18.0 48.0 78.0
Fraction 0.154 0.231 0.615 1
Ratio 1.0 1.5 4.0 6.5

Run Priority

Sum of Mevents Priority
Program 1 2 3 Grand Total
Atm. Neutrinos 1.50 1.50 3.00
Engineering 3.00 3.00
MINOS 1.52 2.31 6.18 10.01
pA 2.00 4.00 11.20 17.20
Scaling 2.40 5.50 16.50 24.40
Survey 3.00 5.00 12.79 20.79
Grand Total 11.92 18.31 48.17 78.40
1E5 Spill-Seconds 1.99 3.05 8.03



10-Nov-2004 Rajendran Raja, MIPP Director's review 51

MIPP Run Plans-
Programs

Program MINOS

Sum of Mevents
Priority Target E Note Total

1 C 13.3 p only 0.38
40 p only 0.38

120 p only 0.38
NuMI 120 p only 0.38

1 Total 1.52
2 C 20 p only 0.29

60 p only 0.29
120 p only 0.58

NuMI 120 p only 1.15
2 Total 2.31

3 C 13.3 p only 0.62
20 p only 0.62
40 p only 0.62
60 p only 0.62

120 p only 0.62
NuMI 120 p only 3.08

3 Total 6.18
Grand Total 10.01
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Scaling (LH2+LD2)
Program Scaling

Sum of Mevents
Priority Target E Note Total

1 H 15  0.80
50  0.80
75  0.80

1 Total 2.40
2 H 5  1.40

15  0.40
30  1.40
50  0.40
75  0.40

D 5  0.30
15  0.30
30  0.30
50  0.30
75  0.30

2 Total 5.50
3 H 5  3.00

15  3.00
30  3.00
50  3.00
75  3.00

D 5  0.30
15  0.30
30  0.30
50  0.30
75  0.30

3 Total 16.50
Grand Total 24.40
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pA running

Program pA

Sum of Mevents
Priority Target E Note Total

1 Be 120 p only 1.00
Pb 120 p only 1.00

1 Total 2.00
2 Be 120 p only 2.00

Pb 120 p only 2.00
2 Total 4.00

3 Be 120 p only 3.00
p only, 2x target 0.60

Cu 120 p only 4.00
Pb 120 p only 3.00

p only, 2x target 0.60
3 Total 11.20
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p-rad (aka survey)
Program Survey

Sum of Mevents
Priority Target E Note Total

1 Be 50  0.50
Pb 30  0.50

50  1.00
U 50  1.00

1 Total 3.00
2 Be 30  1.00

50  0.50
Pb 30  0.50

50  1.00
75  1.00

U 50  1.00
2 Total 5.00

3 Be 5  1.00
13  1.00
50  0.81
75  1.00

C 5  1.00
20 pi,K only 0.66
40 pi,K only 0.66
60 pi,K only 0.66

Cu 30  1.00
50  2.00
75  1.00

Pb 5  1.00
13  1.00

3 Total 12.79
Grand Total 20.79
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Atmospheric neutrinos

Program Atm. Neutrinos

Sum of Mevents
Priority Target E Note Total

2 N 5  0.50
13.3  0.50

30  0.50
2 Total 1.50

3 N 5  0.50
13.3  0.50

30  0.50
3 Total 1.50
Grand Total 3.00
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Conclusions

• MIPP Looks forward to a productive 
physics run.

• Grateful for the support provided by 
lab management, ppd, beams 
division

• MIPP is lacking most in manpower. 
Essential we be given travel funds + 
student support, as we requested 
from the DoE so that U of Virginia, 
Iowa and S. Carolina personnel can 
participate more fully.


