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INTRODUCTION:

Magnetic dipole moment (MDM) of short-living particles

gl =2 — a point-like Dirac particle
L, geg + h - .
g==—2=_, S=—-0 gl =2 — aradiative corrections
2 m 2
gl # 2 = a composite structure or NP
Particle| ct g-factor Comments Experiment
e- — 2.002 319 304 361 82 (52) |exp. most accurate determinations of a Harvard 2008
— 2.002 331 8361 (10) theor. SM prediction
M~ 659 m
- 2.002 331 8418 (13) exp. 3.4 o deviation BNL: E821 2006
—2.002 354 42 (10) theor. SM prediction
- 2.036 (34) exp. O (ete- = ete-T+T") LEP2: DELPHI 2004
T 87 ym
— 2.002 (6) exp. assuming EDM ;=0 from LEP and SLD 2000
no direct measurement exp. Proposed in arxiv:1810.06699
P + 5.585 694 702 (17) exp.
n - 3.826 085 45 (90) exp.
+ 6.233 (25) exp.  world-average value
2+ 2.4 cm
+ 6.1 (12)stat (10)syst exp. using Bent Crystals Fermilab 1992
+1.90 (15) theor. assuming gc= 2
At 60 MM
not measured exp. Feasibility studies at LHC
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https://arxiv.org/abs/1810.06699

PRINCIPLE OF MEASUREMENT: Spin precession in a bent crystal

©,= 2 =1 +7ya)®

A X

rotation axis
E:- , ¢ — 1nitial and final polarisations of A, (before and after the crystal)
Y. & a — Lorentz factor, g-factor, anomalous MDM of A,

®, L, R — deflecting angle, length, curvature radius of the crystal

V.G. Baryshevsky, Sov. Tech. Phys. Lett. 5 (1979) 73.
V.L. Lyuboshits, Sov. J. Nucl. Phys. 31 (1980) 509.
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PRINCIPLE OF MEASUREMENT: Angular analysis

©,= 2 =1 +7ya)®

Ei=6C 1 ,0, 0 )

—

§= éj(cos@w 0, sin@M)

A — Meson + Baryon

dN

! (1+ a g, cos@k)

dcos@, 2
0.7
b=at® Ab=y|> | o
= f L = N :
0.5F
. . 0.4
¢ #0 — A, polarisation at the production i ; ;
03 ..................... [0 v b b b ] [0 v b b ]
. 1-050 05 1 -1 05 0 05 1 -1 -05 0 05 1
a # 0 — reveals polarisation at the decay Cos(6,) Cos(6,) Cos(6,)
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PRINCIPLE OF MEASUREMENT: Decay channels

A — N(pr™)ynt a = 0.91 (15) Br=13-0.64%
A - AT (pr) K™ a = 0.67 (30) Br=11%

>t - pal a=0.98(2) Br =52%

PBaryon

A — Meson + Baryon

dN
d cos 0,

3
b=ad®, Ab=\/%

¢ #0 — A, polarisation at the production

1
=3 (1 + (aé, cos@k)

0.4F

. 03 057005 1 1 05 0 05 1 41 Z05 0 05 1
a # 0 — reveal polarisation at the decay Cos(6,) Cos(8,) Cos(6,)
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PRINCIPLE OF MEASUREMENT: Spin precession in a bent crystal

polarisation of AT at production pp — AT X

deflection angle

oA
§ (0 is the angle between AT and p momenta)
—p|—>
~a
—| —> - \
- N \ polarisation of A collimated by channeling
1 R N N ﬂ\\
R ﬂ 0y &
M\
Al
T
Z

/ polarisation of A after precession
' ® 0o 0 P 00 @ ®

(in case precession angle is 7/2)

alex.fomin@cern.ch

2+ and A:* studies at the SPS with double crystal setup


mailto:alex.fomin@cern.ch

PRINCIPLE OF MEASUREMENT: Spectra-angular distribution

ED,TeV

104 10~ 102 10 1

;_ ~ Deflected

S = N W AR U

N\c spectra

ON/Og, 107" TeV~! (per proton) Purity .
i
I
6 -3
(@)
1 =
54 0.4+19Q! 9
4 (@) | (Q/?
] el & |
1 o % 0.5
3_- 1
T 0.27
24
1
0 0 - ettt -0
3.64 3.65 3.66 0 1 2 3 4 5 6 & TeV

2 3

“f‘f@\@f—ﬂd&f

Ag =
tar+crys

y2de

Spectra-Angular distribution of Ac (Pythia 8.2)

— p-p collision in fixed target at LHC

A\c spectra after the target

Ltar
a]Vtar _ pNAAtar o 0_N [ e—c—gy dL
o€ M., ¢ O€

0

A\c spectra after the crystal
a]vt oN, tar Lerys

= Ndet € 77
de oe ©

ar+-crys
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LHC

® =3—6 mrad

_A _ Deflected

ON/dg, 107" TeV™! (per proton)

0.4

unoJ3xyoed

el

0.2
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104 10~ 102 10 1

e == === =

Purity )

1 0.5

Ep, GeV

200

100

200

100

PRINCIPLE OF MEASUREMENT: Spectra-angular distribution — LHC vs SPS

SPS

® =15—20 mrad

10 20 30

ONIOEp, 107" GeV!

|
| @
|
1 Q
0.9 1 1R
13
\c
2
0.6 ]

Purity 1

19.95 20 20.05 0 100
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SENSITIVITY STUDIES : Optimal crystal parameters

1 12
Ag =

~ alP|®

a1Vtar+crys
D ¢ fgey Bry | —— 12 de

. ON,

tar+crys

Ag —1 _ @ Y o€
horm @0 oN t(glr+crys

i 2
\y — y> de

v de

Optimal crystal:
6x = 10-30 mrad

0 t f t f f f ¥
R=2m, L=2-6cm 0 20 40 60 80 6, mrad
A >*toprd
7 o P Ag St pr
I 10
Other parameters: o 07T == §=5mrad | 109 poT R=1m
0.81 11 — 9=10 4
1 =10 mrad 0.8 —_—pe>
[ 1 1 =2m
P=0.12 0.6 lI : = 9=20mrad 0.6 + ——= R=4m
1 1\ 1
1\
o =0.98 0.4+ \“ ‘\\ 0.4 7 -:'._ ______
Br=0.516 A i — — 0.2 S
P tnNdet = 1010 PoT 1 0 |
0 ' - 2 3 - - - 0 10 20 30 40 6, mrad
1 4 5 ,m
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SENSITIVITY STUDIES : Optimal crystal parameters

R, m Si Ag™ (normalized)
2.5 r : - -
1
] 0.8
2T 3 '
a 0.6
2 0.4
151 3 0.2
o1))
Y
(©)
©
m
1 -+
0.5
Dechanneling (R ~ Rcr)
0 } t } t } t } t }
0 10 20 30 40 6y, mrad

Optimal crystal for Ac*
6x = 15-20 mrad
R=1m, L=1.5-2cm

>* in Si crystal Ag™ (normalized)

20 40 60 80 6y, mrad

Optimal crystal for >+
6x = 10-30 mrad
R=2m, L=2-6cm
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SIMULATION RESULTS : Pile-up estimation

ON/Pe, 10713GeV /p

103 4

10% 1

H

N¢ Deflected Spectra

— |nitial 6 =5mrad

=== R=0.75m
—— P=1m

= R=2m

ON/0g,10713GeV1 / p

200

g, GeV

N\¢ Deflected Spectra

— Initial 6 =20 mrad — Initial 6 =20mrad | — Initial . 6 =20mrad
081 - r=075m L7 =" R=OTSM Lob | -—- r=075m 8
0.6 7 == R=1m . Ja m— R=1m — R=1m
044 === R=2m 2] "."\,, ---- R=2m - R=2m
. Y 106 T 105 4
0.2 1 : \\hﬂ -.
0 = ) 105 | AN | 104 | | II.
0 100 200 & GeV 0 100 200 & GeV 0 100 200 & GeV
Nct p 184 K+ 2+ energy
per initial p 3.2 x10-5 3.6 3.4 0.36 0.04 —
per produced Ac* 1 1.1 x105 1.1 x105 1.1 x104 1.2 x103 —
per deflected Ac+ (5 mrad) 1 2.0 x106 0.8 x10°6 ~103 150 GeV
per deflected Ac+ (20 mrad) 1 6.0 x106 0.6 x106 ~103 200 GeV
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ON/og, 1073GeVt /p

107

10° 4

10°

ON/oe, 101GeV /p

|

p Deflected Spectra

— |nitial

—— P=1m

= R=2m

0

p Deflected Spectra

ON/Og,1073GeV™! /p  rt* Deflected Spectra

10° ¢

10°

— Initial
=== R=0.75m
—— P=1m

= R=2m

104

ON/dg, 1073GeV / p

7t Deflected Spectra
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Half Period 51710-51810 - Version after LS2

POSSIBLE SETUP : Measuring the MDM of A¢ at SPS

1313 900 137 450 137 450 137 450 833.5 900 833.5 130
2 2 & 5
r—— <[ BV || ToCD [z | TOPC =
51779 3 51793 [ 51794 [2] 51795 . l | ;
& VERS 51746 TACW 51797 TLCSY 51739
f ! ‘.:_? .| Pakch 59792 | o — | | si7s8 | | RS sieod | _
N a1 | P FE[TH— "~ —
e Y | | = - ]
L
ffffffffffffffffffffffffffffffffffffffff https.//edms.cern.ch/ui/file/1905117/0/spsinins0143-v0 plt cpdf.pdf i
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Vixx
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i !
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| | |
1 1657 g |
| | >I
| | |
| | 1 .
] i 7 — Main Beam —»
| ’—/I< i |
Deflected Beam HE} I / I i
1 TR1 | |
| i I i | |
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POSSIBLE SETUP: Measuring the MDM of A; at SPS

o.osxm_3
L, decay length [m] i
- Entries 228 i
- Mean 8.846 0.04
18 RMS  9.866 r
16— 5 I h l
- 20.03 [
12— e [
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8; : I )\IN
4; L
= 0
2_7 :I | | | 1 1 1 | | | 1 1 | | | | 1 1 1 | | 1
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0 0 I ‘ I 20 40 60 80 100 Lc momentum [GeV/C]
Beam Optics Results (1 event) O
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POSSIBLE MEASUREMENT : Channeling efficiency of i+ produced in the target

Nbeflects 102

L=3cm

———
——_~
—~—
—
—~—
—

Deflection Factor

=== @=5mrad

= 0 =15mrad

6y, mrad
50T

40 1

307

20

101

100

7 in Si crystal

200 g, GeV

Nrel (normalized)

0.8
0.6
0.4
0.2

N
» 4
(o)}
[0}

10 L,cm

ON/dg, 1076 G_eV‘l Ip

B

7T spectra

= Deflected

— == Background

L=3cm, R=75m

1 \ 3 6=5mrad
\
\
N 3 A6=200 prad
h \
'\\‘-.
0 T t ==
0 100 200 g, GeV
Number of rt* 108 POT/ et
— 5.0%£0.1 mrad
10% 1 — 4.8+0.1 mrad
103 ¢
102 +
10 t t t t t
0 50 100 150 200 &, GeV

ON/og, 107% GeV~1/p 7Tt spectra
{1
\ || = Deflected
|
1 \ ! — == Background
\
|
L=3cm, R=2.1m
1 A=15mrad
\ A6=200 prad
\
0 T t
0 100 200 g, GeV
Number of rt* 108 POT/ Nyet
= 15.0+0.1 mrad
104 ¢ — 14.8+0.1 mrad
103 +
102 +
10 t t t t t t I- t
0 50 100 150 200 g, GeV

for © = 15 mrad

— the deflection efficiency is lower

— but the BG separation is much better !
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SIMULATION RESULTS :

Efficiency of MDM measurement

Efficiency (per process)
T+ 2+ —2p o Nt 2N\ T+ Nt A+ K-
Place Process
3cm,2m | 2cm,2m | 1.5cm,Tm |[1cm,1.4m |8cm,20m | 7cm, 5 m | crystal (L, R)
270 GeV 270 GeV 270 GeV 270 GeV 7 TeV 7 TeV p energy
target Production 0.9 0.017 3.0-10°| 3.0-10°| 05-10%| 05-10"
& decay
collimation 0.05 0.004 0.0024 0.0028 0.007 0.0028
crystal | decay — — 0.017 0.06 0.21 0.07
deflection 0.09 0.24 0.16 0.3 0.27 0.06
Total (perp) | 0.4-102° [ 14-10° | 2.0-10" |(1.7-107°| 22.10%| 0.7-10"°
purity 0.5—1 0.4 0.13 — 0.5 0.5
BF - decay — 0.2 0.002 0.0026 0.011 0.011
detector
MDM — 0.012 0.022 0.0021 0.18 0.4
MDM (per p) — 10°8 10716 101 21-10"| 1.3-102
1
Ag =

NpoT et IMDM
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ALEXFOMIN: 2+ and A:* studies at the SPS with double crystal setup

Thank you for your attention !
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CALCULATION SCHEME : Effective deflected spectra 20 mrad

2 6eft/ 1O

Acceptance Factor

AB =200 purad === R=0.75m
m— P=1m

==== R=15m

Nchan

0.57

100

200 g, GeV
Channeling Factor
6=20mrad === R=0.75m

—— P=1m

==== R=15m

-~

- -~
-
. -

----
Se L e Tt e eaa

~~~
-—
—~—
~—
e —

Nbec

107! 1

1072 ¢

200 g, GeV

Decay (in Crystal) Factor

6=20mrad

=== R=0.75m
m— P=1m

==== R=15m

1073
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200 £, GeV

NDeflect 1073

0.4

0.3

0.2

0.1+

Deflection Factor

=== R=0.75m 6 =20mrad
m— P=1m
==== R=15m 7=

ONIO€g, 1073GeV L/ A}

g, GeV

Production Spectra

A6 =200 prad 0, = 1mrad
0.044 — 6,= 20. mrai )
0.02 A
0 -Il i i
0 100 200 & GeV
Ftar Decay (in Target) Factor
emt W 01CM eI
T =—=W 03cm PPt
— W 1cm -
057 . - /
N 7/
' /7
’ /
s
: //
R4 Total Production: 1.5e-5 A}/p/cm
0 f t
0 100 200 &g, GeV

( Optimal for MDM)

ON/0g, 10713GeV 1/ p

Deflected Spectra

—— Background 6=20mrad
0.8
=== R=0.75m
0.6 T e R=1m JI‘
04+ """ R=15m
0.2
l/
0 pn '
0 100 200 £, GeV
ON/oe, 10713GeV/ p Effective Spectra
1 === R=0.75m 6=20mrad
0.3 7 R=1m |
| === R=15m
0.2
0.1
0 - . S
0 100 200 g, GeV
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BACK UP: Fermilab experiment

D. Chen, et al. First Observation of Magnetic Moment Precession of Channeled Particles in Bent Crystals.
Phys. Rev. Lett 69.3286 (1992)

a.

Hyperon Baryon
Spectrometer Spectrometer
DF
Z.|. — U'I‘U’]‘Ssl/ Crystals |7 |
'
SOOGCVHl R
Mass m = 1189.37 = 0.07 MeV (S = 2.2) Proton L cgion
Mean life 7 = (0.8018 £ 0.0026) x 10710 s — L L Lz

cr = 2.404 cm
(T — 75 )/ 754 = (=06 £1.2) x 103
Magnetic moment ;o = 2.458 = 0.010 ppy (S = 2.1
(sy + px-) / sy = 0.014 £ 0.015
r(}_" — nt 1/)/1_(2_ — n/f—z—/) < 0.043

=ufdd.cd

Mass m = 2286.46 + 0.14 MeV FIG. 1. (a) Plan view of the incident proton beam and spec-
. L —15 trometer system. The horizontal scale (z) correctly illustrates

Mean life 7 = (200 + 6) x 10 S the length of the apparatus, the vertical scale (x) is schematic
— only. (b) Elevation view of the channeling apparatus (not to

cr = 59.9 pem scale). The arrows illustrate the spin precession in the crystals.

Shaded areas depict the T* decay cone. The scintillation
counters A and DF are part of the trigger and are described in
the text.

alex.fomin@cern.ch 2+ and A:* studies at the SPS with double crystal setup


mailto:alex.fomin@cern.ch

BACK UP : Initial polarisation of Ac

A 1 12
g = T, (j
. .7) ONtartcrys 2
2; [£]© Q1 F Nger J B ? de
- 9
©
2 ~0.75
()]
S ~0.50
S {-0.25
5 0.00
(<) 1
0.25
0 1 2 3 p;, GeV/c

uolezie|od

Eth M) = - 0.37
€exMMs) = —0.40(5)

J.G. Korner, et al.,
Z. Phys., C2:117, 1979.

+ E.M. Aitala, et al.,

Phys. Lett., B471:449,
2000

=== Fitted exp. data

— @G.R. Goldstein.

FNAL, Batavia, lllinois,
1999.
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BACK UP: Deflection efficiency ( phenomenological formula)

— deflected fraction

T)def (57 R, L) — T]ang 7T)ch (1 — 77dec:h)J of secondary beam

Angular acceptance Dechanneling probability
Tang — erf (\/§ gacc 7) J _\/ L
77de0h(57 R’ L) — 1 —e Ldech(sa R)
2 Ueﬁ‘ e 1 o
Oacc — 1 — EW
= x Dechanneling length
Channeling acceptance Laceh(2, R) = Linax==— €'~ Ernax J
T)str
cn 6) R — b ec
el ( ) 1+(€ 1 )2 Lmax:kdechR(%Q) aeeh
R UX’ k9 ) Emax — R Fdech

Uest, U, Nstrs Ko, Kdechs Ro, baechs Fdecn were found for Si, Ge and Ge™* crystals
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BACK UP: Channeling of the secondary particles

Primary particle beam I
- 6 TeV —
ON/og, eV — 5 TeV \ e\ [
=4 Tev o \ LM | eSS Se
¢l A S AN AN AN AN Al gt
3 Tev ° Q« R\ N\ VY WAV oy,

2 TeV N\ ) Y
1 TeV N NAN) R4
. 3
2 TeV o
0 L i L - 1 QQ 9
0 S 10 15 £ eV T~121~146um Q¢

E=2TeV

0.1 -

0.05 -

Secondary particle beam
oN/oe, eV @ Primary particle beam
- Parallel beam

- Monochromatic

@ Secondary particle beam
- Uniform angular distribution

- Wide energy distribution

0 5 10 15 £, eV - Populated high energy states
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