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Physics opportunities

» First direct measurement of charm

and beauty baryons, and 7 lepton gh S gh S
- 0=d H=28
(see backup) dipole moments om # om A
- MDM: low energy QCD models for AS H14AS
+

charm and beauty, SM test for 7

-  EDM: sensitive to new physics & v

» Fixed-target experiment in the very 6= clectric dipole moment (EDM)
forward region u= magnetic dipole moment (MDM)

Cross-sections and production asymmetries
polarisation measurements

small-x physics
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MDM theoretical predictions

Inthe quark model  AF = [ud]c EF =[uslc  Epic 802020358

Has = He Her = He  po= (048 %003,
Beyond the quark model: e.g. heavy quark effective theories
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Status of EDM measurements

« SM-CKM = SM-0 s <d(expected) i <d(meas)
J. Phys. G: Nucl. Part. Phys. 47 (2020) 010501
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Indirect limit: charm baryon = 3.4x10-1%¢e cm (F. Sala 2014),
1.5x10-21e cm (H. Gisbert, J. Ruiz Vidal 2020)
T lepton = 4.5x10-17e cm (K. Inami et al. 2003)
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Kinematic region complementary to LHClb SMOG

From F. Martinez-Vidal at PBC-QCD link

Momentum (GeV) <500 >800

Transverse momentum >0.5 <1

Pseudorapidity ™ -4 t0 0, central & 1 to 3.5, very forward
backward

Momentum transfer Q 20to 115 ~ 4

Bjorken-x Down to =~ 10-3- Down to = 10-?

Feyman-x Large negative Large positive

» Double crystal fixed-target setup gives access to zero
angle production of positive charged particles (e.g charm
baryons and mesons)
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https://indico.cern.ch/event/1094842/contributions/4605112/attachments/2343047/3999205/2021-11-10_PBC_QCD_Crystals.pdf

Proposed experimental method for

charm baryons at LHC: AT, ET

10-19s

V. G. Baryshevsky, Phys.Lett.B 757 (2016) 426 CERN-PBC-REPORT-2019-001

L. Burmistrov et al., CERN-SPSC-2016-030, SPSC-EOI-012 (2016) D. Mirarchi et al., EPJC 80 (2020) 929
F.J. Botella et al., Eur.Phys.J.C 77 (2017) 181

A.S.Fomin et al., JHEP 1708 (2017) 120

E. Bagli et al., Eur.Phys.J.C 77 (2017) 828

A.S. Fomin et al., Eur.Phys.J.C 80(2020) 358

S. Aiola et al., Phys.Rev.D 103 (2021) 072003
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Double crystal fixed-target setup

CERN-PBC-REPORT-2019-001  D. Mirarchi et al., EPJC 80 (2020) 929 See F. Hermes talk

»  EDM/MDM from spin precession of channeled
pbaryons in bent crystals

meam alo _, Zoomin . s = EDM signature -

—————————— |:1C1’n T T y A AN

deflected beamy %<:.:_1_—_—_1 _______ R " Dys Bent crystal y .

____________ A5

~100 m Tl |
—————————— A4 7 Target B
1)Crystal kicker detector | ~100m R
S \ v 4 . 2) E -
- E -
z (m) 2)W target - T
3)Bent crystal 4) Absorber
Y@My ton ot
ention: not in scale
/\¢t polarised SpIN precession
p extraction production channeling event reconstruction
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A" polarisation

Polarisation perpendicular to
production plane due to parity
conservation in strong production

Ud X —

Y] production plane
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AC p O ‘ a rl Sat I O n Eur. Phys. J. C (2020) 80:358

Polarisation perpendicular to
production plane due to parity
conservation in strong production

O;, X—
d.g :
ON/Opy, GeV-1 0
e 8
- 0.75
T 0.5
- 0.25
—10
—H
T -0.25
- Model fit to experimental data

I—I—I E791 data (500 GeV/c 7v) PLB 471 (2000) 449

G.R. Goldstein hep-ph/0001187 (2000)
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_|_ ' '
A" polarisation

Eur. Phys. J. C (2020) 80:358

Polarisation perpendicular to
production plane due to parity
conservation in strong production

O;, X —
d,g P
ON/dpy, GeV-1 0
- 0.75
T 0.5
- 0.25
—
=
T -0.25
0 1 2 3 pt, GeV
mmm= Model fit to experimental data
I—I—| E791 data (500 GeV/c 7)) PLB 471 (2000) 449 SO
G.R. Goldstein hep-ph/0001187 (2000)
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Polarisation in crystal frame vs angle
between p and A directions
0,
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Polarisation in crystal frame vs angle
between p and crystal axis

So(D7)

Pr

= (SOx’ SOy’ SOZ) ~ (_p sin Hcrys’ pr’O)

PRD 103, 072003 (2021)
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Polarisation via full amplitude analysis

+

» High statistics LHCb pp data sample to study AC , Hj decays

» Extract maximum information via full amplitude analysis of the
3-body decays D. Marangotto, AHEP (2020) 7463073

Decay distribution
PRD 103, 072003 (2021)

o 2 gpuen, WELS) = fi€) + 5g®
g 1:6:_ E _i'z & = phase space variable
§ 1,42_ _ _1' s=spin polarisation
X 1?: : s Sensitivity: average event information
S - 1 0.6 2
0.8F . E
06 s §° = J 8°(®) dE ~ 0.145
0.4F s & J(6) + 508(8)
23 4 " 4/38=0.662£0.005 = 0.010 + 0.007
mX(pK)[GeV*/c*] details in LHCb-PAPER-2022-002

arXiv: 2208.03262( accepted by PRD)
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https://arxiv.org/abs/2208.03262

Candidates/ (0.03 GeV?)

Candidates/ 0.02

AT — pK—n™

amplitude analysis

AT selected from X, — A u~X decays

400k signal yield, 98% purity

— p—
(=] N
LI N e
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LHCb-PAPER-2022-002
arXiv: 2208.03262( accepted by PRD)

Amplitude model

Resonance JP

Mass (MeV) Width (MeV)

Fit Fraction (%)

Candidates/ (0.025 GeV?)

S = N W B U N I ©

! w b
N W b B

Candidates/ 0.063
\®]

1.5

3

A(1405) 1/2~ 1405.1 90.5 7.7
A(1520) 3/2- 1515 —1523 10 — 20 1.86
A(1600) 1/2% 1630 250 5.9
5 A(1670) 1/2~ 1670 30 1.18
A(1690) 3/2- 1690 70 1.19
1 /A(2000) 1/2= 1900 — 2100 20 — 400 9 58
A(1232)**  3/2% 1232 117 28.60
A(1600)** 3/2% 1640 300 4.5
1 A(1700)t+  3/2- 1690 380 3.90
K} (700) 0t 824 478 3.02
K*(892) 1~ 895.5 47.3 22.14
K}(1430) 0t 1375 190 14.7

—— A(1600)**
— K,(700)
— A(1670)

13

Polarisation measurement

Component Value (%)
P, (lab)  60.32+ 0.68 = 0.98 % 0.21
P, (lab) —0.41 £0.61 £0.16 £ 0.07
P, (lab) —247+06+03+1.1
P, (B) 21.65 + 0.68 = 0.36 = 0.15
P, (B) 1.08 £ 0.61 = 0.09 = 0.08
P, (B) —66.5+0.6+1.1+0.1
@.D SELDOM


https://arxiv.org/abs/2208.03262

Events/ ( 1.38)
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100

¢t polarisation using SMOG data

¢t polarisation and cross-
section in SMOG p-Ne collisions

J/5=68.6 GeV at LHCb in
progress (signal yield =2500)

Expected precision on

polarisation 5%

l Ll T L} L) l

' LHCDb unofticial
SMOG pNe collisions

) ——
NN RN

s o
.i.;llllllll

| 2350
m(pK nt*) [MeV]

2 1 1
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In Run3 SMOG2 system with gas
density increased of 2 orders of
magnitude — higher yields

@D SELDOM
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Simulation studies in LHCDb

Good performance (signal and bkg)
with LHCb detector. Full simulation
of fixed-target setup: W target
0.5-2.0 cm and bent crystal

“ Viarger = 0.01 with 106 p/s on target

Rotation of crystal to

iéﬂﬁsrore L?Qb About 10-4 At are channeled and
CoUL Sty have high momentum =1 TeV

Andrea Merli PhD thesis CERN-THESIS-2019-108

Good res. on production and decay vertex g T
(7-8mm), 6c angle (25urad), m(pKr) (20 MeV) E A e :146188
3.55— —1200
- 1 1000
3E 10800
: 185600
23 - 8400
o 185200
. 0
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L ong bent crystal prototypes

INFN Ferrara PRD 103, 072003 (2021)

i — Ge experiment
1073 T Ge simulation | i
- —— Sj experiment *
2 I { N bbb Si simulation |
g . .
-é 10—4 R . R e R | A | B
L =
P
2 L
= |
S
10_5 g_ .................
; 107 0 5000 7000 15000 :
Si: 8 cm long, bent @16.0 mrad Deflection angle (urad)

Ge: 5 cm long, bent @14.5 mrad

- Channeling efficiency 10% for 180 GeV/c pions at CERN SPS
- Specifications for bent crystals test in LHC were recently
approved (EDMS 2742008) See P Hermes talk
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Test in LHC at IR3

See P Hermes talk

» A proof-of-principle test

at the insertion region 3 Not in scale
: : : AT Tracker
(IR3) is considered with Tracker ~
LHC machine people Bent crystal t
5/7 mrad —¢h | h
» Main goals of the test Bent crysta — Clargec nacyons
50 prad -y -
- test machine and v y_‘f;l/ B
operational aspects e . |
Main 7 TeV proton beam D . 2Rs |
- measure channeling N Absor'ber
efficiency at TeV energies , ~100m 1m 1
- study detector performance z

and background level

Y Nicola Neri 17 @D SELDOM




Simulation framework for IR3

Simulation framework for the test at ations

Magnet

IR3 and experiment following the PoP

Tragkinﬁj
»  Geometry based on DD4Hep
Target+Cry2 i
»  Generators: Phythia/Angantyr, = Bem
particle gun, general particle "
source

» Visualisation: geoDisplay
» Event model: DDG4

» Channeling: Geant4

» Tracking: GenFit

INEN Nicola Neri 18 @D SELDOM




Simulation studies for IR3

m(pK r™) distribution m(pK ") vs spectrometer

® ET o : wf
- L-17m + = C B=1.4T, L=3.4m
300— Rg =4cm © - ®
— G, = 47.0214 MeV/c? 70— '
— m  Generated mass — .
250 — | = Fit of mass distribution — —%— B=1.1T, L=1.7m
— 60— %
200— -
— 50— e
— — "
150 — - TR
- o, T
= — R V_.'%“‘—-——__
100— — i — TR
: 30 __ -\.*'-—q______
50— - e
— 20— T
- - e
ole — —~4
< 2.1 2.2 2.3 24 2.5 2 10:t—|||||||||||||||||||||||||||||
+ /
m(pK )[GeV/c'] 30 40 50 60 70 80

pixel hit rate MHz/cm?2 b fem)

T < crystal channeling
% § [ hist_angXout |
I 8 — s Entries 87
=3 E Mean 45.8
2 StdDev  16.02 |
= 7 ' .
= »
L
© 61
5_
4.
3'_
ol
Ol\ | ! - |10 1 N TN N N S | 1 Ll I L1l l LAl | I I T 6 | |
-10 0 10 20 30 40 50

o0 urad
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Spectrometer for a dedicated experiment at [R3

Tracker
(outside beam pipe)

»  Channeled A in bent crystal
are very focused in few cm?2

Vertex Locator

. . . . ve _ Dipole o Tracker .
»  Preliminary simulations: with 8 (inside beam pipe) SENTPRIFIEEN - (inside beam pipe)
VELO tiles + existing 1.9Tm 9 10 11 12

dipole magnet in situ can build
a spectrometer

1234 56 7 8
VeloPix modules in Roman Pots
Hit distribution for AZ’ — pK “nt for Vertex and Tracker stations LHC orbit correction dipole MCBW (1.7
Area ~ few cm2. rate = 100 MHz/cm2 1 ¢m from the beam m, 1.1 T) is considered for the spectrometer
Last tracker station at z=0.4 m from magnet 55x55 umz pixel, (Credits: Pascal Hermes, CERN)

) pixel hit rate 600 MHz/cm2,
12 um hit resolution

- Sensors
B ..o .-:.. & ASIC s

...
----

30/4/2003
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Summary

» First measurements of charm baryons are possible in
2 year data taking using the LHCb detector

» Milestones achieved: feasibility detector studies, long bent
crystal prototypes, preparatory studies in LHCb, machine
layout, physics program extended

» Machine test in LHC during Run3. MoU for contributions is
ready for signatures

» Possibility to design a dedicated fixed-target experiment
at LHC at high statistics for a more ambitious physics

program, possibly including the 7 lepton

» Interested community is preparing a Letter of Intent for the
LHCC

w INFN Nicola Neri 21 §.J SELDOM



Recent topical workshop

» Agenda of the workshop at this link

2nd Workshop on electromagnetic
dipole moments of unstable particles

—————

25-28 September 2022
Gargnano del Garda, Italy

"1 {CINFN Nicola Neri 22
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https://agenda.infn.it/event/31703/

Recent topical workshop

» Agenda of the workshop at this link

Nicola Neri 23 @D SELDOM


https://agenda.infn.it/event/31703/

Thanks for your attention!
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Backup slides
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Sensitivity on MDM/EDM

» S1 configuration: LHCb detector, Ge (Si) 16 mrad, 10 cm \F,)VotTa;g{%tZ?not';if;get

» S2 configuration: dedicated experiment, Ge 7 mrad, 7 cm

-+ -}
e
A baryon PRD 103, 072003 (2021) 2. baryon
1 1 C e,
E - § Ge e E - 8 Ge e
E 5Ge77K 1107 L §Ge77K 310
[, eee 8 Si . L e, e 5 Si
i R - 9 Ge 32 El . N B == 0 Ge 82 E
= R i A S O
=. N, e, . 1 o [ — 10—1 Totres s, |
— 10 ........ &l > E NG L e, e, 16 &l
= N 1107 > RN, 310" =
P S N N S . = = | et u =
S A NU N\, e . = = ENONNL N T i e
B IO N N\, e ] = 2 LN N\ e ., - B
C TN N N\, e T 7 o e ] £
% N NG N N 7] GC) m ol NN N\ e, GJ
2 O™ N\t e 10 F e, _
21 NN\, 1077 @ L w3107 %
= —pGe  NU U\, e [ —uGe K 7o)
LGe77K NN U, n uG‘e77K 3
=S DN N U, | —uSi |
—pGesS, —uGes,
10_31 1 IIIlIIII 1 IlIllIII 1 11 111 1 L1 1111 10_18 10_3 | 1 IIIIIHI L III”I . IIIIII . L 10_18
1012 1013 1014 1015 1016 1012 1013 1014 1015 1016
PoT PoT

» Measurements are statistically limited
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References for baryons

S. Aiola, L. Bandiera, G. Cavoto, F. De Benedetti, J. Fu, V. Guidi, L. Henry, D. Marangotto, F. Martinez Vidal, V. Mascagna, J.
Mazorra de Cos, A. Mazzolari, A. Merli, N. Neri, M. Prest, M. Romagnoni, J. Ruiz Vidal, M. Soldani, A. Sytov, V. Tikhomirov,

E. Vallazza, Progress towards the first measurement of charm baryon dipole moments, arXiv:2010.11902 (2020), PRD 103,
072003 (2021) .

« A.S. Fomin, S. Barsuk, A. Yu. Korchin, V.A. Kovalchuk, E. Kou, A. Natochii, E. Niel, P. Robbe, A. Stocchi, The prospects of
charm quark magnetic moment determination, arXiv:1909.04654 (2020), Eur. Phys. J. C 80, 358(2020).

- E. Bagli, L. Bandiera, G. Cavoto, V. Guidi, L. Henry, D. Marangotto, F. Martinez Vidal, A. Mazzolari, A. Merli, N. Neri, J.

Ruiz Vidal, Electromagnetic dipole moments of charged baryons with bent crystals at the LHC, arXiv:1708.08483 (2017),
Eur. Phys. J. C 77 (2017) 828.

« A.S. Fomin , A.Yu. Korchin, A. Stocchi, O.A. Bezshyyko, L. Burmistrov, S.P. Fomin, I.V. Kirillin, L. Massacrier , A.
Natochii, P. Robbe, W. Scandale, N.F. Shul'ga, Feasibility of measuring the magnetic dipole moments of the charm baryons at
the LHC using bent crystals, JHEP 1708 (2017) 120.

* V. G. Baryshevsky, On the search for the electric dipole moment of strange and charm baryons at LHC and parity violating
(P) and time reversal (T) invariance violating spin rotation and dichroism in crystal, arXiv:1708.09799 (2017).

« L. Henry, D. Marangotto, F. Martinez Vidal, A. Merli, N. Neri, P. Robbe, J. Ruiz Vidal, CERN- LHCb-INT-2017-011,
Proposal to search for baryon EDMs with bent crystals at LHCb.

- F.J. Botella, L. M. Garcia Martin, D. Marangotto, F. Martinez Vidal, A. Merli, N. Neri, A. Oyanguren, J. Ruiz Vidal, On the
search for the electric dipole moment of strange and charm baryons at LHC, Eur. Phys. J. C77 (2017) 181.

* L. Burmistrov, G. Calderini, Yu Ivanov, L. Massacrier, P. Robbe, W. Scandale, A. Stocchi, Measurement of short living
baryon magnetic moment using bent crystals at SPS and LHC, CERN-SPSC-2016-030 ; SPSC-EOI-012.

* V. G. Baryshevsky, The possibility to measure the magnetic moments of short-lived particles (charm and beauty baryons) at
LHC and FCC energies using the phenomenon of spin rotation in crystals, Phys. Lett. B757 (2016) 426.
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References for T lepton

« J. Fu, M. A. Giorgi, L. Henry, D. Marangotto, F. Martinez Vidal, A. Merli, N. Ner1, J. Ruiz Vidal, Novel method
for the direct measurement of the T lepton dipole moments, Phys. Rev. Lett. 123, 011801 (2019)

« A.S. Fomin, A. Korchin, A. Stocchi, S. Barsuk, P. Robbe, Feasibility of t lepton electromagnetic dipole
moments measurements using bent crystals at LHC, J. High Energ. Phys. (2019) 2019: 156.
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Proposals for T lepton

« A.S. Fomin, A. Korchin, A. Stocchi, S. Barsuk, P. Robbe, Feasibility of T lepton

electromagnetic dipole moments measurements using bent crystals at LHC, J. High Energ. Phys.
03 (2019) 156 (see backup slides)

« J. Fu, M. A. Giorgi, L. Henry, D. Marangotto, F. Martinez Vidal, A. Merli, N. N., J. Ruiz Vidal,

Novel method for the direct measurement of the T lepton dipole moments, Phys. Rev. Lett. 123,
011801 (2019)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.011801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.011801

Direct measurement of 7 lepton dipole moments

»  Fixed-target production: D} — t%v_with 7t - 2tz 2 D

» Bent crystal for spin precession

Relative efficiency / 125 GeV/c

c
+ AV 2
y § éfr‘
' ks
gt 2
W target
)
< cﬁ%& 7
P Ds+
z
Spin polarisation 5 g
- kinematic selection on par>0.8 TeV, longitudinal (z) 8  of 5
g - 2
polarisation for MDM and enhanced EDM sensitivity § i s
_05 OO OO O OY SO OE PP OO OO OO PO P PO TOOE SUPOTPTEOPOUPIRTPOPROPROON
- Tagging 8(Ds,1)s0 (e.q. 2 crystals, other) transverse : : : :
(y) polarisation for enhanced MDM sensitivity 0 o o o o4

Oy,DsT [mrad]

J. Fu, M. A. Giorgi, L. Henry, D. Marangotto, F. Martinez Vidal, A. Merli, N.N., J. Ruiz Vidal, Phys. Rev. Lett. 123, 011801 (2019)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.011801

Events/0.014

Sensitivity to dipole moments for 7 lepton

Multivariate classifier based on reconstructed
T variables to determine the polarization and
average event information S=0.42

3

>>2
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Phys. Rev. Lett. 123, 011801 (2019)
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Test g-2 SM prediction with ~1017 PoT
EDM sensitivity ~10-17e cm
Challenging: dedicated experiment needed
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.011801

Future plans

» New proposals for T lepton MDM/EDM direct
determination using bent crystals

« A.S. Fomin, A. Korchin, A. Stocchi, S. Barsuk, P. Robbe, Feasibility of t lepton
electromagnetic dipole moments measurements using bent crystals at LHC, arXiv:1810.06699

- J. Fu, M. A. Giorgl, L. Henry, D. Marangotto, F. Martinez Vidal, A. Merli, N. Neri, J. Ruiz Vidal,
Novel method for the direct measurement of the t lepton dipole moments, arXiv:1901.04003

» Large statistics needed for interesting
measurements, i.e. PoTz 1017 [2.5 cm W target]

» Many challenges: dedicated experiment needed

» Preparatory studies in LHCb
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Feasibility of T lepton electromagnetic dipole moments
measurement using bent crystal at the LHC

’T'+
Crystal 1: . production
- directing a part of LHC '

primary halo on Target

Target:

- production of Ds*(—T1+U+)

AN AP A A7

Crystal 2:

- deflection and “collimation” of Ds* 2+ -1
Deflected 1 -
© =
Crystal 3: S v
. o 1 t0.5 @
- selecting T produced by Ds* 2 =
S . L. o
- filtering T initial polarisation =)

- T spin precession 0 ; : i 0

0.5 1 1.5 2 &,TeV

A. Fomin, A. Korchin, A. Stocchi, S. Barsuk, P. Robbe, JHEP (2019) 2019: 156, IC Channeling 2018.



Feasibility of T lepton electromagnetic dipole moments
measurement using bent crystal at the LHC

Aa; MDM EDM

DELPHI
I e
107 T BELLE 2

SM value

10 10%6 10'8  Neor 10%6 10'8 1020 Neor

MDM: 1018 PoT — to reach the present accuracy [DELPHI: J. Abdallah et al. EPJC 35:159-170, 2004]

1018 PoT — to reach an accuracy equivalent to the Standard Model value

EDM: 101° PoT — to reach the present accuracy [BELLE: K. Inami et al. PLB 551:16-26, 2003]

A. Fomin, A. Korchin, A. Stocchi, S. Barsuk, P. Robbe,s4JHEP (2019) 2019: 156, IC Channeling 2018.



Channeling in bent crystals

Courtesy of Biryukov, Chesnokov, Kotov, “Crystal channeling and its applications at high-energy accelerators™ (Springer)
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Spin precession in bent crystals

» Firstly predicted by » Determine particle

Baryshevsky (1979) gyromagnetic factor
fromm BMT equation

V.L. Lyuboshits, Sov. J. Nucl. Phys. 31 (1980) 509.
— 2
O="""y Oc
2
& - spin rotation angle
Oc - crystal bending angle
g - gyromagnetic factor

y = Lorentz boost

V.G. Baryshevsky, Pis’ma Zh. Tekh. Fiz. 5 (1979) 182.

» EXxperimental proof by
E/61 Fermilab experiment

with 2+ hyperon

Fig. 1. Spi ioninab L
ig. 1. Spin rotation in a bent crysta D. Chen et al., Phys. Rev. Lett. 69 (1992) 3286
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Proof of principle at Fermilab

» E761 Fermilab experiment firstly olbserved spin precession in
bent crystals and measured MDM of 2.+

» 350 GeV/c 2+ produced from interaction of 800 GeV/c proton

beam on Cu target

» Used upbent and downbent silicon crystals L =4.5¢cm, 6¢=1.6
mrad for opposite spin precession, reduced systematics

D. Chen et al., Phys. Rev. Lett. 69 (1992) 3286
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Downbend

FIG. 3. Measured polarizations and uncertainties (1o statist-
ical errors) after spins have been precessed by the two crystals.
The dashed arrows show the expected precessions.
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L ong bent crystal prototypes

107* { (Channeling Deflection A6, [urad] Channeling Efficiency [%] 1 Sample 1 - |6./2
1|Ssample 1 (8./2): S = 3325.00 £ 1.35, 05" =24.78 £ 1.30 Sample 1 (6/2): ncy = 28.28 £1.76 CZZ5 sample 1 - 6|
1 |sample 1 (6,): uSH = 3323.03 +0.98, 05 = 21.38 + 1.23 2:22:2 ; 2363:2)765' N 3212773 1'3635 1 Sample 2 - |6./2|
NcH = . T V. p——
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- Si crystals produced at INFN-Ferrara  length (cm) bending (mrad) ch. eff. (%)
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Fixed-target setup upstream of LHCb

300 mm |

» Goniometer for target+crystal
il ' positioned in the region
~ ) “ree——— upstream of the LHCb detector

PLUME

Goniometer mu
be clamped to t
floor

P

» (Goniometer internal structure:
compatible with operations in
ultra-high vacuum

» Accuracy on position ~20 pum,
rotation angle ~20 prad
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