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Introduction

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(Z*)=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

Crystals = Thousands Tesla over cm length

The proposal is to use the bended crystals for measuring the magnetic moment
of the charmed charged hadrons starting from Act ( ct(Ac?) ~ 60um)

Eventually the technique could be also used to measure the lepton T magnetic moment
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The Feason Of measuring magnetic moments? -1 = ig—q—&— .
2mic

pn=eh/Im )

H |St0rlca| Iy’ the pred ICtIOFI Of baryon magnetIC Quark model magnetic moment predictions and measurements
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The reason of measuring magnetic moments? -2

The case of heavy charged charm baryons : Ho = S Ly = Y5 g Uy (mp/mx)

Baryons | Bag | Nonrel | [15] | Q6] | 071 | [0 | [4 | 25
Al 0.411 0.39 0.40 0.341 0.42 0.37 0.39 0.37 I
= -1.043 -1.37 -1.38 -1.391 -1.04 -1.17 -1.60 - arXiv:1003.4338vl [hep-ph] 23 Mar 2010
+ [ - 3 _
b 0.318 049 049 0.525 0'3‘? 0.63 0.30 Baryon Data NROQM |Lattice QCD|QCDSR [12] | LCQSR |Valence| Sea  |Orbital| Total
X 1.679 2.35 2.36 244 1.76 2.18 2.20 - 3] ] w3 | QssRpa) | o
= 0.421 0.41 0.41 0.341 0.39 0.36 0.28 0.32 2.79-+0.00 3 2.793 282 + 0.26 | 2.7 £0.5 | 2.00 | —058 | 048 | 2.80
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e = 2464001 | 288 | 2374018 | 2.31 £0.25 250 | —051 | 040 | 239
:“‘t o L e Lo — = e — 0.88 | 065+ 006 | 0.60 2007 |05+ 010 0.74 | —022 | 002 | 054
5 0.591 0.89 0.75 0.796 0.47 0.76 0.76 - C1.16 £0.025| —1.12 | 107 +£0.11| —1.16 £0.10 |08+ 02| —1.02 | 006 | 036|132
e _0.77 _0.94 _0.86 _0.850 _0.85 ~0.92 —0.90 _ —1.25 £0.014 | — 1.53 |~ 11T +£0.10 | — 117+ 010 | 13203 | —1.20 | 014 | —0.09 |—1.24
o+ 0.722 0.83 0.86 0.774 0.72 0.77 0.84 . =) |-0.65120.003| —0.53 | 051 +0.07| 064+ 0.06 [-07+02| —050 | 003 | 0.06 |-050
—= = - . - = - - 0.49+ 0.05 | 0.0 0.53 | —0.08 | 0.01 | 046
Hi 0.114 -0.10 -0.10 -0.184 0.13 -0.11 0.006 - ) |—0.61320001) —065 | —0.50 +0.07| —ns6+0a5 |07 +02| —0se | o002 | —oo1 |—0ss
(934 0.668 0.72 0.72 0.639 0.67 0.70 0.70 - 2.54 2.1+ 0.3 232 | —0.52 | 040 | 220
0.54 0.6 +0.1 051 | —023 | 002 | 030
—1.46 16+02 ~1.30 | 0.06 |—0.36|—1.60
0.77 078 | —021 | 019 | 076
P red i CtiO n S R “ _O 3 O 4 H —1.23 —1.16 | 003 | 019 |—1.32
-_— - o tn 007 0ot 1 ot
L] L] L]
AC N 0.39 0.15+ 0.05 |0.40+ 0.05| 0.400 | —0.019 | 0.002 |0.392
iy 811 =2 0 0 RV 1
0.39 0.35+ 0.05| 0.20 |-0.0003) —0.01 | 0.28
o . o 015 —0.025] oatt | —ooso|o.006
P re d I Ct I O n S a I SO fo r Py C 0.85 0.79 | —0.02 | 0.07 | 0.84
e 0.73 0.706 | —0.013 | 0.004 |0.697

Ac is behaving like a elementary particle

Ifg=2 > p,.=%g L, (mp/mAc) ~ 0.4, (c quark dominating)

General comment : very little theoretical activity on this subject.
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For large vy

The interest is
* As large as possible boost vy clear advange to be at LHC vs SPS
* As large as possible bending angle AO 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 .




The basic principle and formula of the measurement - 2

: P f ___________ Nonchanneled direction
Proton beam P\ ~» L T

r A T T

5 T C Crystal 0 channeled

t

A_have to be polarised.
Polarization of baryon A_is a consequence of the parity conservation in strong interactions and
would arise due to spin-orbital interaction.
Simple example p + N--> A_+ N', the polarization vector 2 is perpendicular to the plane
spanned by momenta of the proton and baryon A, i.e. it 2~ “_P'(Ac) X TDTbeam).

For getting g from

1. Measurement of the 2 2 to get Ad
with the angular distribution of the decay product

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 «)
which is decay dependent.

2. Measurement of the angle A6 and of the energy of the Ac for getting the boost
i. Using the decay products

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



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

VOLUME 69, NUMBER 23 PHYSICAL REVIEW LETTERS 7 DECEMBER 1992

First Observation of Magnetic Moment Precession of Channeled Particles in Bent Crystals

Proton (800GeV/c) + Cu = X* n particles

a. Hyperon Baryon
Speciromeler Spectrometer 0
e C DF +
an r:ﬂmls I i ggi, i i >t p T
g’ﬂﬁ:v =, As illustrated in Fig. 1, a vertically polarized £* beam
F [ , Ly [14] was produced by directing the Fermilab Proton
Om 5m 0m 1sm  Center extracted 800-GeV/c proton beam onto a Cu tar-

get (T). The resulting £* were produced alternately at a
+3.7- or —3.7-mrad horizontal targeting angle relative to
the incident proton beam direction. This allowed the po-
larization direction to be periodically reversed. The mean

The two bending crystals. Each crystal precess the
channelled particle’s spin in opposite direction

The deflection of the channeled particles was measured
to be w=1.649+0.043 and —1.649 +0.030 mrad for

the up- and down-bending crystals, respectively. For

375-GeV/c £ this corresponds to an effective magnetic
field of By =45 T in the crystals. The magnetic moment
[6] of the £ should precess by ¢ = | rad in such a field.



E761 Collaboration. Measurement of the 2+ magnetic moment - 2
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Polarisation (2) of Ac and weak asymmetry decay parameter (o)

2 (Ac)

The polarisation 2 of Ac has not been yet measured precisely. P (Ac)~ 0.6
There are some old experiment and the indicative values are To be also measured
2(A,) ~[0.4-0.6] (P(A.) = 0.6 (e.g. Bis-2) by this experiment
O The parameter a is decay dependent
channel Br a
(A,DAT) XBr(A>pn)  1,07%x64%~0,007 ~1 0.59 _ o
(AS>AT) XBr(A>nn®)  1,07%x358%~0,004 ~0.6  0.59 Input parameter
(A=) X Br(E*>p %) 1,00% x 51,5 % ~ 0,005 ~0.7  0.44
(A,2Z %) XBr(Z*>nm*)1,00% x 48,3 % ~ 0,005 ~0.6 ~0 For the numerical study
(A,2 Aev) XBr(A>pm) 2,00%6x64%~0,0128 ~1.8 0.60 we use
(A,> Apv) XBr(A>pm) 2,00%x64%~0,0128 ~1.8 0.60 72 (Ac)xa~0.6x0.59~0.35
(A2 pKmn) 5,00% ~ 0,05 ~12.5 not known

Two observations :
1) Consider that the sensitivity of the analysis goes as (? x o)’
2) More decay channels can be use. In particular if the o parameter of A2 pKn*

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



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

All devices placed in available slots in IR8

Crystal 1 Target & Crystal 2 1m CFC absorber
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Full LHCb detector simulation From Patrick Robbe

* Generate 15000 A, — p K& at the crystal position
(x=0.945mm , y=4mm , z=-2379mm )
* p(A.) =100 GeV
- e
] 90%“ o [
* Mass resolution: 14 MeV From Leonid Burmistrov
ere . 7o — 400 GeV
* z decay position resolution: 18mm o  so0eey
* Efficiency: 1.5% ! T TOTe
o
The particles selected after the crystal are
e -2.5m from the interaction point in z ) P
* at extremely large momentum T et

Not ideal for resolution and efficiency !



Very preliminary simulations

N, o ToA
N(A,) = Fx AD A () Br(Ac>A 1) X Br(A=2p 7 ) X €xor

F = Flux [Number of proton/sec]
N, = Avogadro number [mol1]
p = Target dgn5|ty [gr/cm?] First simulations done using
T =Target thickness [cm] Tungsten (p=19,25 gr/cm?)
A, = atomic mass [gr/mol] target of T= 0.5cm
o(A,) = cross section [cm?]

v 3ub Vs~ 28 GeV [SPS (400GeV)]

v’ 12ub Vs ~120 GeV [LHC (7TeV)]
Br(A.2 A m) Branching fraction
Br(A=2p ) Branching fraction
2 = Polarization we use 0.6
o = Asymmetry Weak parameter 0.59 The number of the effective

number of N_¢(A,) useful for
¢ = efficiency the angular analysis is
° Crystal channeling acceptance €., meleq Ner(Ac) = N(AJ) x 72 x o

° Decay ﬂ|ght 8(Decay flight)

. Efficiency of reconstruction &gecontryction)
12
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Conclusions

The measurement of maghetic moment of charmed barions (in particular As) 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 A, decay modes. An experimental effort for that is needed

+ Possibility to extent from A  to =

+ 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)*




BACKUP



Polarisation (?2) of Ac and weak asymmetry decay parameter (o) -1

0

2,18 o

O |
TFE T

Example 2(>*) ~ 0.1 25

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

Polarizstian

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

The value of the 2(A,) 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 2(A,) could be

measured by the proposed experiment
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It is very Important to distinguish between

channeled and non channeled baryons.

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 ?

Other possibility : non-
channelled events = events
without crystal.

~J (o
O O
O o

T

n
O
o

5H
(]
O

an
O
O
LB r—r-'-l"F-I—r'T-v—ﬁﬂTr'rr'r—r-rrr

(W]

o

O
T

(AN ]

o

o
T

Events per 0.01 relative unit

(@
o

OL—-——‘—-ﬂd""" —— —

0

PR PR P | i
0.2 0.4 0.6 0.8 1.0 1.2
E(relative unit)
(a) Energy loss distribution
for triggered events in the down-bending crystal. The peak at
lower energy loss values is due to channeled particles. The solid
line through the nonchanneled portion is a theoretical Landau
distribution,



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

= 17 = T
3 a)D =] hD .
. i . wil
g™ - = F
- mas | 2 % Results on cross section of charmed
. E653 | 4 .
NAlE ‘ . E633 |
. HER4-B h d -
— - | adrons at energy up to HERA-B
E768 3 -2 . NS || L]
NAZ7 |4
[ | . i Y. . -
— CTEQeLNZ £ ET | NAZT CTEQalXN) Table 9. Ratios of cross sections. The first error is statistical and the second systematic,
MEST LOv2003) F 1 . MEST LI
CTEQeLA2067) . CTEQA00) D+o° 0.41£0.060.04
. | T M [ | T e D+ /D° 0.440.11£0.05
p o pe po o pe f):*_,r[_f)'*P + D™ o.zz:o.ugiu-.or;
5 | GeF] r [GeF] oo 1.07=0.2640.14
_ —
F *
2 ] o HER4-B = b d)D - 6 Summary
b-.‘ - + b" HER4-§ With the HERA-B detector we have measured the total and single differential cross sections o,
m N + @Jidp% and do /dry, the atomic mass number dependence of the cross sections, and the leading
NA27T e to non-leading particle asymmetries for the production of D, DF, DF and [*F mesons in pA
s | collisions at the proton energy of 920 GeV.
T P E768 l Extrapolating to the full phase space, the total cross sections per nucleon (in pb) are: 48.7+
| ET60 _ f-‘&t_l‘-\'fqm [ I —— CTEQa 00 4766, 202+ 22 +3.0, 185+ 6.4+ 4.1 and 21.6 £ 4.7+ 3.6 for the D°, DY, DF and D*F,
Vapw L ?‘f;&ﬁqﬂﬁ L | === ﬂm;::ﬁ respectively. In the range —0.15 < rp < 0.05 the measured cross sections are: 26.8 + 2.6 + 2.7,
" i 2T MBST s-pr2o0is L CUIT MRST o 11.1+1.2+1.3, 10.2+£3.5+ 2.0 and 11.9+ 2.6+ 1.7 for the D?, D*, D and D**, respectively.
+ The cross section per nucleon for of production is o(cc) = (49.1 £ 4.6 £ 7.4) ph.
2I-_| e ;u e J.ILI — ! ;.I EEE—— _;I._l — J.ILI — We have measured the cross section ratios o D7) /o ( D) = 0.41£0.06+0.04 and o D*+) /o (D) =
5 [GeP] ¥ 1Ge 0.44+0.11+0.05, as well as the vector to scalar meson production ratio, Py = 0,61 £0.09+0.06.

Our result for the ratio o(DF)/(a(D%) + o(D1)) = 0.27 + 0.00 £ 0.05 is the first measurement
of this quantity in pA reactions.

From the measured atomic mass number dependence of the production cross section, the
parameter o = 0.99 + 0.04 + 0.03 iz extracted. This value is in agreement with the assumption
of a linear dependence of cross sections, a=1.

Fig. 6. Comparison of the present results with previous messurements [4,5,6.7,8,9]. In figure &) the result of
E789 is exchided from the fit. The different curves correspond to different assumptions on parton distribution

functions |1| The measured leading to non-leading particle

asymmetries in the rp range —0.15 < rp < 0.05 are consistent with existing measurements for
different rp regions.
The results of our studies are in good agreement with previous measurements of open charm

The measured sum of the [? meson cross sections per nucleon D'I: .UD:I + ﬂ__[ f_}+ } @ "‘T': I.}::I — production in pA interactions and provide, in the majority of cases, an improvement in accuracy.

(87.4+824+12.6) ub is used to determine the charm produetion cross section. From the fractions

of charm hadrons produced in the hadronization of ¢ quarks as measured in ete™ eollisions, the AR (FON 5 =N
\ude) e/ e/ ()
production of D, DT and D, mesons is found to account for fp = 0.891 +0.041 of the charm - df\f >_, \_, ﬁ{ \% ,45’:
cross section [29], where the uncertainty in fp is obtained from errors in individual fractions @;C/) \:us% y \—’;sé: ) '\i&/ )
neglecting possible correlations. Assuming the same fraction, the present study derives the charm . - - }, e
eross section per nucleon, a(eg) = (o( DY) +o (D) +o(DF))/(2fn), where the factor 2 accounts (a) 2w

for the charge-conjugated states which are included in the [ production cross sections. The
resulting charm cross section per nucleon is thus oief) = (49.1 + 4.6 + 7.4) ph. Note that due
to correlations, the systematic error in the sum of cross sections is larger than the value which
one would get by adding in guadrature the individual contributions.
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A, production in p + Target collision at SPS energy. Cross Section - 2

Results on cross section of charmed
hadrons at energy at LHCb

Table 2: Open charm production cross-sections in the kinematic range 0 < pr < 8GdV/e and Ratio D+/DO 0-41 '\/S ~42 GeV

2.0 = g < 4.5. The computation of the extrapolation factors is described in the text. The first

uncertainty 1s statistical, the second 15 systematic, and the third 1s the contribution from the ~
(!.‘I'.'.'!'I.p:lh‘.'.i(.’lfl. f#,c}'.ur. I o o o . 0'38 VS 14 TeV
Extrapolation factor  Cross-section (pb) RatIO DS/( D+ + DO) 027+‘010 \/S ~42 GeV

o 1003 & 0.001 1661 £ 16+ 1258+ 2
o 1067 £0.013 f45£11+ T2+ 8 0.09 (15% error) Vs ~14 TeV
D™ 1340 £0.037 BTT£26+ TT+19
0} 1.330 +0.056 197 +14+ 26+ 8
A 1311 £0.077 23326+ TIE14

Table 4: Cross-section ratios for open charm production in the kinematic range 0 < pr < 8GeV/e

d 2.0 < y < 4.5 The m £TH 1 e table are the ratios & respective row /ool .
and 2.0 < gy b The mumbers in the table are the ratios of the respective row /column G(AC)/G(DS) ~1-2 ,\/S ~14 TeV
a{ D7) af ) a( D) a(D})
o(D+)  0.380 + 0.029
a( ) 0407 +£0.033  1.049 £ 0.052

o(DF) 0.119+£0.016 030540042 0.201 4+ 0.041 G(DS)NSMb (30% error) Vs ~28 GeV [SPS (4OOGeV)]

alAl) 0140+ 0045 0361 £0.116 034440111 1183 £0.402

in the denominator becanse we have defined o H,:) to be the eross-section to produee either
H, or ita charge conjugate. A combination of all five measurements taking eorrelations ) c A c ~10 b 30(y error
into account gives u 0

T(EF) prp o8 Qi fie, 2Dyt = 1419 £ 12 (stat) &+ 116 (syst) + 65 (frag) ub,

The final uneertainty i= that due to the fragmentation funetions.

Pythia gives us = o(Ac)~2 ub ??
From the simulation | use 3ub for SPS

12ub  for LHC "



A word on the background...

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

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 psec.

Gnp= 27mbarn  (from Phythia)

3000

Entries 100000

Mean 302.9
2500

BMS 59.6

2000

1500{—
1000

500

R Fr I VR e T R R R R
Multiplicity
N(non diff) =N, x px T oyp X mult.

~1.7 102 x 300

Nyp = ~5ptc/proton

See talk of Giovanni Caliduerini




Preliminary sensitivity simulations- 1

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 o T
that the particle enter in the crystal with an initial e g
polarisation such that P=Py. Namely perpendicular ~o A e
to the channelling plane and to its mouving o o1
direction. Due to the spin precession one should

observe a longitudinal polarisation along z (AIrECtION  ic sror sier s have been mrecesed vy he vuo e
of the the A.) such that |Pz| = |P| sin(A9) Thedashetamronssho the expecd precesons

Cowmbend

For instance if we consider that for Ac we have g/2 ~0,5 and suppose y~100 >
A¢p ~ 0,5x100x1,0x103~ 0.05 rad

WithP=0,6 = [P,|~0,03

For having 3 sigma we should measure it with AP, = 0.01
Which imply AP,/ [P| ~0.01/0.6 ~ 2% precision !
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AB, urad

Effective Channeling Angle

F=40m: - 1cCm

- 4 Cm

R=20m: = 1cm

- 4 cm

R=10m: - 1Cm

== 4 cm

.25 mrad
1.0 mrad

0.5 mrad
2.0 mrad

1.0 mrad
4.0 mrad

A" Decay with Lenth

—

BTeV |

.-'\.:' Energy Distribution with Lenth

6 E.TeV
T W 8p E, P B..
m cm mrad Mrad TeV prad
40 4 1 427 150 0.8 0.8
20 4 2 16.7 770 1.36 0.75
10 < 4 8.88 970 3 0.02
10 1 1 11.1 950 2.65 0.05
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Effective Deflection of Short-Living Charged Particle by a Bent Crystal

O _Fomin, & Stocchi. Workshop LI& IDEATE, QOctober 15-16, 2015, LAL Orsay
O . Fomin, L.Burmistrov, A.Stocchi. Weorkshop MACUMBA, February 2™ 2015, LAL Orsay
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Top-left figure represents the
effective capture angle.

It is a critical channeling angle,
that takes into account the
dechanneling process for a
specific conditions:

Crystal — 5i (110),

Crystal Thickness = 1 cm,
Bending Radius = 2 m.

The fitted function for energies
(S0GeY < E < 500GV is:

46.3 urad
E

1+——
100 GeV

a8 = — 6.1 prad

23



The Efficiency of ﬁt Planar Channeling in a Bent Crystal
for its Maagnetic Moment Measuring at SPS CERN

O_Fomin, L. Burmistrov, A Stocchi. Workshop MACUMBA, February 2™ 2015, LAL Orsay

A" Channeling Fraction - : 1 Charneling Fraction
CoRnRs 10
Path Length Wadie s
Channsisd — 15mmn [T=10mmi, 2 rmrsd Choneeled == G mmiTeilmm]  Eorsd
— FDmm | TelSmm), W0 mnd 3 0.84 p— T S T
Backgrount: e 1GEmn, §oved Backppial] s 19 rerm, S remd
s F0mm, "HWmrad [:H s 5 remy 16 roemal
243 I " | 200 jI
'\x\ na \__
L 104 -‘\"_‘—--____
\:‘*—,‘_\ 6.2 ——— —
:'- 10 i, mrac 0 g 10 i,

Simulation of A, and £+ production on W target using Phythia code

Simulation of A, and %* passage though a bent Si crystal (Binary-Collizsion Model)

Calculation of channeled (thin curves) and over-barmier (thick curves) fraction of

A, and E* particles deflected by a bent crystal as a function of the angle between initial

proton beam and crystallographic plane for different crystal curvature angles (5, 10 mrad)
and thicknesses (10, 15 mm)
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