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The magnetic moment of the long living baryons has been measured by looking at the
precessing of the spin along a intense magnetic field (change in the polarisation).
It was done for long living particle such as the strange baryons (example : ct(S+)=2.4cm)

No measurement of magnetic moments of charm or beauty baryons has been performed so
far. A reason of the non-availability of experimental information is because the lifetimes of
charm/beauty baryons are too short to measure the magnetic moment by standard
techniques. Short living particles i.e. ct ~100microns with boost ~100-200 L=2-3cm
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Eventually the technique could be also used to measure the lepton t magnetic moment 

The proposal is to use the bended crystals for measuring the magnetic moment 
of the charmed charged hadrons starting from Lc+ ( ct(Lc+) ~ 60mm )

Crystals ≡ Thousands Tesla over cm length
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The reason of measuring magnetic moments? -1

mc enter in other determinations, 
like in radiative D decays 
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Historically, the prediction of baryon magnetic

moments was one of the striking successes of the

quark model. The importance of the measurement

of heavy quark magnetic moment is to test the

possibility that the charmed and/or beauty

quarks has an anomalous magnetic moment,

arising if those quarks are composite object.

Obviously measurements on magnetic moments of

heavy quarks introduce new dimensions and

should be accounted for by any

comprehensive hadronic theory.

Some tension in the past.
Now seems to be ok.
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The case of heavy charged charm baryons :
2 Q
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
= mX = ½ g mN (mp/mX)

Predictions: mLc=0.3-0.4 mN

Predictions also for Xc

LC is behaving like a elementary particle
(c quark dominating)

The reason of measuring magnetic moments? -2

If g=2  mLc = ½ g mN (mp/mLc) ~ 0.4 mN

General comment : very little theoretical activity on this subject.
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q

Cristal has to be bended !

q

The basic principle and formula of the measurement - 1

The precession angle is proportional 
to the bending angle through the boost 

and the magnetic moment (g-2) 

The interest is
• As large as possible boost                               clear advange to be at LHC vs SPS
• As large as possible bending angle Dq crystal developpements in the last years (UA9)

For « experts » in crystals when energy of particle increases
to avoid dechannelling you need longer crystal. 

1 message :   to be at LHC and use long bended crystals

For large 
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The basic principle and formula of the measurement - 2
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Crystal

Lc have to be polarised.  
Polarization of baryon Lc is a consequence of the parity conservation in strong interactions and 
would arise due to spin-orbital interaction.
Simple example p + N--> Lc + N' , the polarization vector Pin is perpendicular to the plane 
spanned by momenta of the proton and baryon Lc, i.e. it Pin ~ P(Lc) x  P(beam).

For getting g from 

1. Measurement of the Pin , Pout to get Df

with the angular distribution of the decay product

2. Measurement of the angle Dq and of the energy of the Lc for getting the boost 
i. Using the decay products

Because the baryon decay violates parity, the polarization (helicity) can be measured by its decay
angular distribution. There is an extra parameter called weak asymmetry parameter (often noted a)
which is decay dependent.

Nonchanneled direction

channeled

2 message :   fixed target experiment and angular analysis of heavy baryon decays
(need « good » detector) 6



E761 Collaboration. Measurement of  the S+ magnetic moment - 1 

Proton (800GeV/c) + Cu  S+ n particles

S+
 p p0

The two bending crystals. Each crystal precess the 
channelled particle’s spin in opposite direction 
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E761 Collaboration. Measurement of  the S+ magnetic moment - 2 
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channeled
Lc
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Polarisation (P) of Lc and weak asymmetry decay parameter (a)

The polarisation P of  Lc has not been yet measured precisely.
There are some old experiment  and the indicative values are 

P(Lc) ~[0.4-0.6]    (P(Lc) = 0.6 (e.g. Bis-2) 

The parameter a is decay dependent
channel Br a

(LcLp) X Br(Lp p)        1,07% x 64 % ~ 0,007 ~ 1 0.59
(LcLp) X Br(Ln p0) 1,07% x 35,8 % ~ 0,004    ~ 0.6 0.59
(LcS+p0) X Br(S+

p p0)   1,00% x 51,5 % ~ 0,005 ~ 0.7 0.44
(LcS +p0) X Br(S +

n p +) 1,00% x 48,3 % ~ 0,005    ~ 0.6 ~0
(Lc Len)  X Br(Lp p)    2,00% x 64 % ~ 0,0128 ~ 1.8 0.60
(Lc Lmn)  X Br(Lp p) 2,00% x 64 % ~ 0,0128 ~ 1.8 0.60
(Lc p K-p +)       5,00% ~ 0,05 ~12.5   not known

P (Lc) ~ 0.6
To be also measured
by this experiment

a

input parameter

For the numerical study
we use

P (Lc)x a~ 0.6x0.59 ~ 0.35

Two observations :
1) Consider that the sensitivity of the analysis goes as (P x a)2

2) More decay channels can be use. In particular if the a parameter of Lc p K-p +

decay mode is measured and happened to be large, it would allow to give access to much
larger statistics.    Possible at LHCb !  

P (Lc) 

a 
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We had a preliminary look at the faisability at LHC.

Important to have an extraction scheme with high flux and with the possibility of entering
in the acceptance of a detector.

 Example at LHC scheme with LHCb zone/detector : 

see talks of yesterday from W. Scandale and S. Redaelli

LHCb

Work by D. Mirarchi4mm

1.5mm
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• Full LHCb detector simulation

• Generate 15000 Lc ➝ p K p at the crystal position 

(x=0.945mm , y=4mm , z=-2379mm )

• p(Lc) = 100 GeV

• Mass resolution: 14 MeV

• z decay position resolution: 18mm

• Efficiency: 1.5% !

From Patrick Robbe

The particles selected after the crystal are
• -2.5m from the interaction point in z
• at extremely large momentum

Not ideal for resolution and efficiency !

Lc boost

From Leonid Burmistrov
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Very preliminary simulations

𝑁 L𝑐 = 𝐹x
𝑁A  T (L

𝑐
)

At
x Br(LcL p) x Br(Lp p ) x eTOT

F = Flux [Number of proton/sec]
NA = Avogadro number [mol-1]
 = Target density [gr/cm3]
T   = Target thickness [cm]
At = atomic mass [gr/mol]
(Lc) = cross section [cm2]  

 3mb      √s ~  28 GeV [SPS (400GeV)]
 12mb    √s ~120 GeV [LHC (7TeV)]

Br(LcL p) Branching fraction
Br(Lp p ) Branching fraction 1,07% x 64 % ~ 0,007 
P = Polarization we use 0.6

a  = Asymmetry Weak parameter  0.59

e = efficiency

First simulations done using
Tungsten (=19,25 gr/cm3)
target of T= 0.5cm 

The number of the effective 
number of Neff(Lc) useful for 
the angular analysis is 

Neff(Lc) = N(Lc) x P2 x a2
° Crystal channeling acceptance echanneled

° Decay flight e(Decay flight)

° Efficiency of reconstruction e(Recontruction)
12



Example.  To have a precision on g ± 0.1

STRONG DEPENDENCE
upon choices of crystal caracteristics

crystal length (~cm) ; radius ; bending (~mrad) ; type

Example
with quite high flux of 5x108 protons/sec

With e(det) = 2%

(20 , 100) days

With a single channel (LcLp) X Br(Lp p)

From Leonid Burmistrov13



Conclusions

The measurement of magnetic moment of charmed barions (in particular Lc) seems
to be possible now using bending crystal techniques

1. At the LHC energies
2. With a vigorous program on crystals (long and with large bending angles ) 
3. Having a performant detector

 To implement beam splitting scenario with two crystals in LHC
 It would imply to perform « fixed target » experiment in LHC, in front of an existing

detector and/or equipping a dumping zone (run in parassitic mode)

+ Polarization measurements as a by product.

+ Possibility of using more        decay modes. An experimental effort for that is needed

+ Possibility to extent from to            and                

+ Could open a way to go for t magnetic moment with the same techniques…? 
(Some faisability study on going, probably need more complex detector setup)  

c

+L

c

+X
cb

+Xc

+L
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BACKUP

15



Polarization of the baryons is baryon dependent
and could depend on some kinematical variable.

Example P(S+) ~ 0.1

Polarisation (P) of Lc and weak asymmetry decay parameter (a) -1

The polarisation of  Lc has not been yet measured precisely. There are some old 
experiment  and the indicative values are P(Lc) ~[0.4-0.6]    (P(Lc) = 0.6 (e.g. Bis-2) 

The value of the P(Lc) is a crucial parameter for the determination of its magnetic moment. 
If it is too small, a huge statistics would be needed. On the other hands  the P(Lc) could be 
measured by the proposed experiment    
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1) It is possible by using an
instrumented crystal as in the
E791 Fermilab experiment ?

If you can measure the energy loss of
the particles traversing the crystal it
helps in distinguishing channelled
particle, which have less energy loss
wrt non-channeled ones

2) kinematical cuts ?

It is very Important to distinguish between 
channeled and non channeled baryons.

Other possibility : non-
channelled events = events 

without crystal. 
17



Lc production in p + Target collision at SPS energy. Cross Section - 1

Results on cross section of charmed 
hadrons at energy up to HERA-B
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(Lc)/(Ds) ~1.2             √s ~14 TeV

(Ds)~8mb  (30% error)   √s ~28 GeV [SPS (400GeV)]

 (Lc )~10mb (30% error)

Pythia gives us   (Lc )~2 mb ??

Ratio D+/D0 0.41         √s ~42 GeV
0.38 √s ~14 TeV

Ratio Ds/(D+ + D0) 0.27+-0.10 √s ~42 GeV
0.09 (15% error) √s ~14 TeV

From the simulation I use 3mb   for SPS

Lc production in p + Target collision at SPS energy. Cross Section - 2

Results on cross section of charmed 
hadrons at energy at LHCb

12mb   for LHC 19



Suppose a flux of  2.2x108 proton/sec, it means that we 
extract in average a proton at each bucket, thus the protons 
are separated by 5nsec....
In fact since we have 5particles/proton, in a detector put 
after the target we would have

1 particle every nsec. 

But what’s matter is how many particles in a detector which 
is put  after the bended crystal.
The typical channeling efficiency is order around 10- 3, thus : 

1 particle every msec.

A word on the background…

N(non diff) = NA x  x T  ND x mult. 
~1.7 10-2 x 300

NND = ~5ptc/proton

At SPS. There 5000 zones which can be filled separated by 5nsec (called backet). In each 
backet there is a bunch (2nsec)
A particle makes 44000 tours/sec
 we have  5000 bucket x 44000/sec = 2.2x108 bucket/sec

See talk of Giovanni Calderini

ND= 27mbarn   (from Phythia)
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The basis of the experiment is to measure the
changes in the polarisation due to the spin
precession around the magnetic field. Let’s suppose
that the particle enter in the crystal with an initial
polarisation such that P=Py. Namely perpendicular
to the channelling plane and to its mouving
direction. Due to the spin precession one should
observe a longitudinal polarisation along z (direction
of the the LC) such that |Pz| = |P| sin(Df)

For instance if we consider that for Lc we have g/2 ~0,5 and suppose ~100
Df ~  0,5×100×1,0×10-3 ~ 0.05 rad    

With P = 0,6     |Pz|~ 0,03  

For having 3 sigma we should measure it with DPz = 0.01
Which imply DPz / |P|   ~0.01/0.6  ~ 2% precision !

Preliminary sensitivity simulations- 1
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