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Electromagnetic dipole moments
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• Classic systems 

• Quantum systems 

• Hamiltonian

δ = ∫ rρ(r)d3r μ = ∫ r × j(r)d3r
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Electric Dipole Moment (EDM)
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The EDM violates T and P ) CP violation

Joan Ruiz Vidal (IFIC Valencia) Heavy baryon EDM and MDM at LHC September 12, 2018 4 / 21

T +δ ⋅ E − μ ⋅ B
+δ ⋅ E − μ ⋅ BPTime reversal, Parity:

The EDM violates T and P and via CPT theorem, violates CP

δ = electric dipole moment (EDM) μ = magnetic dipole moment (MDM)
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Physics motivation for EDM
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‣ CP violation (CPV) is a necessary 
condition for baryogenesis: 

‣ CPV in weak interactions via CKM 
mechanism in the SM is too small to 
explain the absence of antimatter in the 
Universe 

‣ CPV in strong interactions allowed in 
the SM. Stringent experimental limit 
from neutron EDM 

Nicola Neri CP violation in baryon decays - CERN 2016

CPV in b-hadrons 
‣ Same underlying short distance physics for b-baryons 

and B mesons but with different spin and QCD structure
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‣ Systematic study of CPV in b-baryons and in B mesons 
for a stringent test of CKM mechanism
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Introduction Physics Motivations 

Physics Motivation 

•  At LHC b-baryons are produced in unprecedented quantities ! opens 
a new field in flavour physics for precision measurements 
•  Mass, lifetimes and branching ratios measurements 
•  CP violation (CPV) 

•  CP violation (CPV) in b-baryons: 
•  CKM mechanism predicts sizeable  

 amount of CPV in b-baryons that  
 can be precisely measured 

•  Complementary means to test 
Standard Model with respect to 
B mesons 
 
 
 
 
 

•  Same underlying short distance physics as B mesons, with 
different spin and QCD structure 

•  New CPV sources 
Andrea Merli – Search for CPV in b-baryons     |    29/11/2016     2 

New CPV sources are expected to exists
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EDM as a possible solution for baryogenesis

F. Martínez Vidal, PBC Meeting, CERN, 2017 Search for EDM of heavy and strange baryons @ LHC

� EDM searches in different systems are complementary to disentangle 
the underlying source of CPV
� A measurement of a heavy baryon EDM is directly sensitive to:

52 q
i q qFPQ

PQG V J� �
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5

Gc ~10�32 e cm, negligible (SM, 3-loop level)
Some BSM theories reach Gc ~10�17 e cm, e.g. some versions of SUSY

Baryon EDM: complementarity 

LACK OF 
THEORETICAL 
ACTIVITY !

EPJC 77 (2017) 102

‣ EDM of fundamental particles from the structure of quarks and gluons, 
and processes with photon and flavour-diagonal coupling 

‣ A measurement of a heavy baryon EDM is directly sensitive to:

Charm EDM in Standard Model ~10-32 ecm
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Charm EDM in new physics ~10-17 ecm
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Nicola Neri SELDOM: search for electric dipole moment at LHC

EDM a possible solution for baryogenesis

�5

‣ EDM of fundamental particles from the structure of quarks and 
gluons, and processes with photon and flavour-diagonal coupling 

‣ A measurement of a heavy baryon EDM is directly sensitive to:

Nicola Neri �5

Charm EDM with new physics ~5ꙓ10-17 e cm
EPJC 77 (2017), 102

- EDM observation = clear signature of new physics
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New physics

Charm EDM in Standard Model  ~10-32 e cm

Standard Model

52 q
i q qFµν

µνδ σ γ− !
5

a
q ai q t qGµν

µνδ σ γqEDM qCEDM

EDM observation = clear sign of new physics
�4

EPJC 77 (2017), 102
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Physics motivation for MDM
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‣ Experimental anchor points for tests of low-energy QCD models, 
related to non-perturbative QCD dynamics 

‣ Test of quark substructure 

‣ Measurement of MDM of particles and antiparticles would allow a 
test of CPT symmetry
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Channeling in bent crystals

�6Nicola Neri SELDOM: search for electric dipole moment at LHC

Channeling in bent crystals
‣ Potential well between crystal planes 

‣ Incident positive charge particle can 
be trapped if parallel to crystal plane 
(within few μrad)   

‣ Well understood phenomenon 
(Lindhard 1965).  

‣ Bent crystals used to: 

- steer high-energy particle beams 

- induce spin precession

�9

Transversal potential

Channeled
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Transversal potential

Channeled
‣ Potential well between crystal planes 

‣ Incident positive charged particle can be 
trapped if parallel to crystal plane (within 
few μrad) 

‣ Well understood phenomenon (Lindhard 
1965) 

‣ Effect of the bent crystals: 

‣ Steer high energy particle beams 

‣ Induce spin precession
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Spin precession in bent crystals

�7

‣ Firstly predicted by Baryshevky (1979) 
‣ Determine particle gyromagnetic factor 

from TBMT equation

Φ =
g − 2

2
γθC

SELDOM: search for electric dipole moment at LHCNicola Neri 

MDM of short-lived baryons 

‣ Charm baryon MDM with bent crystals 
firstly studied in:  

- I. J. Kim, Nucl. Phys B 229 (1983) 251-268 

- V. V. Baublis et al., NIMB 90 (1994) 112-118 

- V. M. Samsonov, NIMB 119 (1996) 271-279 

‣ Recently revisited for LHC energies: 
- V. M. Baryshevsky, PLB 757 (2016) 426–429, 

NIMB 402, 5 (2017)  

- L. Burmistrov et al., Tech. Rep. CERN-
SPSC-2016-030 (2016) 

- O. A. Bezshyyko et al., JHEP 8, 107 (2017)

�12

Φ

= spin rotation angle 
= crystal bending angle~10-2 rad 
= gyromagnetic factor 
= Lorentz boost~

Φ
θC
g
γ

‣ Before decay the baryons experience a huge electric field in the 
crystal 

‣ MDM and EDM precession in the limit  γ ≫ 1, d ≪ g − 2

SELDOM: search for electric dipole moment at LHCNicola Neri �19

dS

dt
= µ⇥B⇤ + � ⇥E⇤

‣ MDM and EDM precession in the limit            ,  

y

z

x

S

� / MDM

Sx / EDM

E⇤ = E⇤ŷ

B⇤ = B⇤x̂

Spin precession in crystal electromagnetic field (E*⊥B* in particle rest frame)

Φ ≈ g− 2
2 γθC ≈ π

2
Sx ≈ S0

d
g− 2 [cos(Φ) − 1]

γ ≫ 1 d≪ g− 2

Fill the experimental gap in heavy baryon electric dipole 
moment searches. Method proposed in EPJC (2017) 77:181

EDM with bent crystals

Sx = S0
d

g − 2
(cos Φ − 1)

V.L. Lyuboshits, Sov. J. Nucl. Phys. 31 (1980) 509 

EPJC 77 (2017), 181

4-5 ⋅ 102
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Experimental proposal
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1) Crystal kicker 
2)W target  
3)Bent crystal 4) Absorber 

detector
bottom

≈100 m

z (m)

y (cm) Attention: not in scale

≈1 cm
beam halo

Λc
+

beam core

deflected beam
y

x
s0

Bent crystal 
Φ

B*

E*

z θC

y

z

p Target
Λc
+

Zoom in

≈100 m

sx= EDM signature

1)

2)

detector top
Λc

+

Heavy baryon polarised productionp extraction
Channeling 

Spin precession Event reconstruction
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LHCb detector

�9

p beam p beam

pp collisions

Target
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Bent crystal manufacturing techniques

�10

‣ Bending angle of a few mead 
(3-4 mrad) for 8 cm long Silicon 
crystal obtained through 
“anticlastic deformation”, but 
scheme not exploitable for larger 
bending angles 

‣ Bending angles of 15 mrad 
requires innovative bending 
schemes 

‣ R&D at INFN for both Silicon and 
Germanium long crystals: 
achieved large bending angles 
(16 mrad)

Nicola Neri DIPOLE-b proposal

Bent crystal manufacturing techniques

‣ Bending angle of a few mrad (3-4 
mrad) for 8 cm long Silicon crystal 
obtained through “anticlastic 
deformation”, but scheme not 
exploitable for larger bending angles  

‣ Bending angles of ≳15 mrad requires 
innovative bending schemes  

‣ R&D at INFN for both Silicon and 
Germanium long crystals: achieved 
large bending angles (16 mrad)  

7

Crystal for extraction 
12 mm, 300 μrad 
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Long bent crystal prototypes

‣ CPV never observed in baryon decays. In multi-body 
decay, sensitivity enhanced due to several interfering 
patterns with different relative strong and weak phases

�11Nicola Neri DIPOLE-b proposal

Long bent crystal prototypes

‣ Silicon and germanium long bent crystal prototypes

10

Courtesy of A. Mazzolari

Si: 8.0 cm, 16.0 mrad, 5mm (height)

Ge: 5.5 cm, 14.7 mrad, 5mm (height)

Crystal material Si, Ge

Length along the beam 7-8 cm for Si
5-6 cm for Ge

Crystal height 2-5 mm

Weight to be determined

Channeling axis <111>, <110>, <100>

Miscut for planar 
channeling 

To be determined

Torsion <10 urad/mm

Bending angle 16-17 mrad

Dislocation density <1 /cm2

Holder material Titanium grade 5, steel 
316 LN, other?
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Testbeam at CERN

‣ CPV never observed in baryon decays. In multi-body 
decay, sensitivity enhanced due to several interfering 
patterns with different relative strong and weak phases

�12Nicola Neri DIPOLE-b proposal

Testbeam setup 

12
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Deflection angle distribution

‣ CPV never observed in baryon decays. In multi-body 
decay, sensitivity enhanced due to several interfering 
patterns with different relative strong and weak phases

�13Nicola Neri DIPOLE-b proposal

Deflection angle distribution 
‣ Channeling clearly observed for both 

silicon and germanium crystals

14

A. Sytov (INFN Ferrara)

‣ Channeling clearly observed for both silicon and 
germanium crystals
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Machine simulations

‣ CPV never observed in baryon decays. In multi-body 
decay, sensitivity enhanced due to several interfering 
patterns with different relative strong and weak phases

�14

S. Redaelli, LHCb FITPAN, 21/11/2019

IP8 “double crystal” layout

8

All new devices in the vertical plane. 5 mm long target of W
Bending angle Cry2 = 14 mrad, length = 7cm: send decay products into LHCb acceptance

Both crystals are made of Si.

Bending angle requirement for Crystal-2 from N. Neri et al.: The European Physical Journal C 77(12), 828 (2017).
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Cry1
Initial “performance 

oriented” setup

Angular cut ~60 µrad

4 LHC-type 
collimators

‣ All new devices in the vertical plane. 5mm long target of W 

‣ Bending angle Cry2=14mrad, length=7cm
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Machine simulations

‣ CPV never observed in baryon decays. In multi-body 
decay, sensitivity enhanced due to several interfering 
patterns with different relative strong and weak phases

�15

‣ New collimators downstream of IR8 are quite effective in 
reducing losses 

‣ Losses checked also for the scenario where crystal lost the angle 
alignment

S. Redaelli, LHCb FITPAN, 21/11/2019 s [m]
0 5000 10000 15000 20000 25000
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Recap. of basic concepts

9

Primary halo

Secondary 
halo

Tertiary
halo

TCP TCSG TCLA

Circulating
beam

Decay products
to detector

Crystal 1

Deflected 
halo

Target +
Crystal 2 Absorbers

1. Beam halo deflected by a bent crystal (Crystal 1) : aperture Crystal 1 > TCP
The Crystal-1 is part of the transverse collimation hierarchy. 

Retracted by > 0.5 beam sigma from the primary collimators of IR7.

Extract a fraction of the betatron halo that otherwise would be lost  
in IR7 in the multi-turn betatron cleaning process. 

“Fully parasitic” mode for operation: PoT determined by settings  
and betatron beam losses in physics. 

The Crystal-2/target assembly is located at  
an optimum location for the detector. 

Angle of CRY-1 chosen to have sufficient clearance  
from the high-intensity circulating beams. 

S. Redaelli, LHCb FITPAN, 21/11/2019

Loss optimisation at IP8

10

The new collimators downstream of IR8 are quite effective in reducing losses! 
Considered for the moment 4 new collimators of LHC design. 
“Performance” oriented choice that could be revised for cost-saving purposes.

Losses checked also for the scenario where crystal lost the angle alignment.
Simulations stop at protons lost in cold aperture or collimators: results shall be 
confirmed by more detailed energy deposition studies. 

Cold losses kept, as design criterion, below peaks of IR7 that are known not to be critical  
for operation. Similar studies downstream of IR8 not yet done.

Remark: after the IR7 collimator upgrade in LS2 (new collimators with 11T 
dipoles), IP8 might become the limiting location for cold beam losses!

Full ring IP8 and arc 78

Crystal-1 at 6 σ

Crystal-1 at 6#σ
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Protons on Target

‣ CPV never observed in baryon decays. In multi-body 
decay, sensitivity enhanced due to several interfering 
patterns with different relative strong and weak phases

�16

‣ Typical 106 p/s is feasible, possibility to reach 107 p/s 

‣ 5σ line assumes 250 bunches, whereas the other cases 
are computed for the full machine ~ 2500 bunches

S. Redaelli, LHCb FITPAN, 21/11/2019

Calculation of PoT

11
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Single Diffractive from Cry1

Fig. 8: Spectrum of proton lost in the arc 81, for the
simulated beam loss pattern for the IR8 layout with
Cry1 at 5 �.

of the particles lost in the arc 81 due to the only inter-
action with the Cry1 or emerging from the absorbers,
reported in Fig. 8. Simulations with IR8 TCSGs-TCLA
settings down to 6-9 � in steps of 1 � were carried out
and no significant changes in the loss pattern was ob-
served. This is because the angular cut performed by
the new TCSGs is not enough to intercept a signifi-
cant fraction of single di↵ractive events coming from
the Cry1. This limitation cannot be easily mitigated
because of the proximity to IP8, which lead to large �
at the absorbers (i.e. large gap in mm that define the
angular cut). Simulations have been performed moving
the absorbers in front of the main quadrupole in cell 6
left of IP8, which provides a much better angular cut
thanks to the reduced �. However, losses on cold ele-
ments and TCTPs upstream IP1 remain a substantial
limitation.

On the other hand, a significant reduction of losses
is obtained for larger aperture of the Cry1. Simulations
with Cry1 settings from 6 � to 8 � in steps of 1 � were
carried out. A similar loss pattern as standard opera-
tional performance is obtained when the Cry1 is at 6 �,
as can be seen from Fig. 9. Thus, parasitic operations
with Cry1 at 6 � might be possible fro collimation as-
pects. Of course, the larger is the Cry1 aperture, the
larger is the angular distribution of impacting protons,
as shown in Fig. 10. Thus, angular scans of the Cry1
were simulated in order to find the optimal orientation
at each setting, which are reported in Fig. 11. The ori-
entation leading to the maximum channeling e�ciency
(defined below) was adopted to produce all the results
reported here. The peak in Fig. 10 at 7-8 µrad is due
to emerging protons from the TCPs that hit the Cry1
in the same turn.
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Fig. 9: Simulated beam loss pattern for the IR8 layout
with Cry1 at 6 �. The whole LHC (a), zoom of the arc
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Let us define the number of proton on target (PoT )
as figure of merit to evaluate the system performance.
The number of PoT can be estimated as:

PoT (t) =
1

2

I(t)

⌧
exp(� t

⌧
)
NCry1

imp

Nsim
"Cry1

CH , (3)

where I(t)
⌧ exp(� t

⌧ ) is the total beam loss rate for a cer-
tain beam lifetime ⌧ and circulating intensity I(t), 1

2 is
the sharing of the total loss rate between the horizontal

and vertical planes [25],
N

Cry1
imp

Nsim
is the fraction of sim-

ulated protons that hit the Cry1, and "Cry1

CH =
N

Cry1
CH

N
Cry1
imp

is the channeling e�ciency of Cry1 (i.e. fraction of im-
pacting protons trapped between crystalline planes for
the entire path in the crystal). The reduction of circu-
lating protons due to the collisions in the 4 IPs can be
approximated as:

I(t) = Itot exp(�
t

⌧BO
) , (4)

Loss sharing 
H/V planes

Flux of proton lost
taking into account burn-off in 4 IPs
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which are reported in Fig. 10. The orientation leading
to the maximum channeling e�ciency (defined below)
was adopted to produce all the results reported here.
The peak in Fig. 9 at 7-8 µrad is due to emerging pro-
tons from the TCPs that hit the Cry1 in the same turn.
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Fig. 10: Channeling e�ciency as a function of the crys-
tal orientation (in the machine reference frame) for dif-
ferent settings of the Cry1 in IR8.

lating protons due to the collisions in the 4 IPs is taken
into account as:

I(t) = Itot exp(�
t

⌧BO
) (4)

Where Itot is the total stored intensity at the begin-
ning of the fill, while exp(� t

⌧BO
) takes into account the

intensity decay due to burn-o↵ (with ⌧BO ⇠ 20 h [22]).
A summary of what has been obtained for di↵erent
Cry1 settings is reported in Table 5. Assuming a beam
lifetime of ⌧ ⇠ 200 h according to usual operational val-
ues [23], the achievable instantaneous and integrated
POT (t) during one fill are shown in Fig. 11. The in-
tegrated POT in 10 h (usual fill length during LHC
operations) are reported in Table 5. The maximum Itot

stored in 2018 was of 2556 bunches with about 1.1⇥1011

p per bunch, which is equivalent to about 2.8⇥ 1014 p
injected [23]. This initial intensity is scaled by a factor
10 for Cry1 setting of 5 �, as explained previously to
allow dedicated operations.

Fraction on impacts 
on the Cry1

Cry1 channeling
efficiency
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is the channeling e�ciency of Cry1 (i.e. fraction of im-
pacting protons trapped between crystalline planes for
the entire path in the crystal). The reduction of circu-

Fig. 9: Angular distribution (in the machine reference
frame) of impacting protons for di↵erent settings of the
Cry1 in IR8.
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Fig. 10: Channeling e�ciency as a function of the crys-
tal orientation (in the machine reference frame) for dif-
ferent settings of the Cry1 in IR8.

lating protons due to the collisions in the 4 IPs is taken
into account as:

I(t) = Itot exp(�
t

⌧BO
) (4)

Where Itot is the total stored intensity at the begin-
ning of the fill, while exp(� t

⌧BO
) takes into account the

intensity decay due to burn-o↵ (with ⌧BO ⇠ 20 h [22]).
A summary of what has been obtained for di↵erent
Cry1 settings is reported in Table 5. Assuming a beam
lifetime of ⌧ ⇠ 200 h according to usual operational val-
ues [23], the achievable instantaneous and integrated
POT (t) during one fill are shown in Fig. 11. The in-
tegrated POT in 10 h (usual fill length during LHC
operations) are reported in Table 5. The maximum Itot

stored in 2018 was of 2556 bunches with about 1.1⇥1011

p per bunch, which is equivalent to about 2.8⇥ 1014 p
injected [23]. This initial intensity is scaled by a factor
10 for Cry1 setting of 5 �, as explained previously to
allow dedicated operations.

t [h]
0 2 4 6 8 10

P
o
T

(t
) 

[p
/s

]

410

510

610

710

810
σCry1 at 5 
σCry1 at 6 
σCry1 at 7 
σCry1 at 8 

t [h]
0 2 4 6 8 10

P
o
T

(t
) 

[p
/s

]

410

510

610

710

810

σCry1 at 5 
σCry1 at 6 
σCry1 at 7 
σCry1 at 8 

IR8 layout IR3 layout

• Cry1 at 5 s excluded for both layouts due to machine protection constraints
Values at 5 s to be considered as the asymptotic performance reach

Study launched in 2016 revealed the Cry-1 must 
be much closer to the beam than the tertiary 
collimators (initial starting point), otherwise 

clearly incompatible with PoT physics goals.
Pushed configuration closer to primaries → 

open a new set of concerns for integration in the 
collimation system. 

We must remain on the conservative side. 
Also note: lower losses in IP8 in 2018 than in 2016!!

Time during stable beam, assuming typical losses.

Primary coll. settings: EXCLUDED

Note: 5σ line assumes 250 bunches, whereas the other cases are computed for the full machine ~ 2500 bunches.

I(t): decaying beam current; 
! = beam lifetime giving losses in IR7

Simulated: transport 
from IR7 to CRY-1
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Simulation studies
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‣ Tungsten (W) 5mm fixed target + bent crystal positioned at 
116cm before the interaction point 

‣ Use EPOS for fixed target minimum bias events, PYTHIA for 
baryons produced in pW hard collisions 

‣ Signal reconstruction and background rejection studied using 
LHCb full simulation

PO PI
y

z

SELDOM: search for electric dipole moment at LHCNicola Neri 

PO PI
y

z

Simulation studies
‣ Tungsten (W) 5 mm fixed target + bent crystal positioned 

in (0, 0.4, -116) cm, before the interaction point

�30

‣ Use EPOS for fixed-target minimum bias events, 
PYTHIA for baryons produced in pW hard collisions 

‣ Signal reconstruction and background rejection 
studied using LHCb full simulation

z=0

Rotation of crystal to 
improve LHCb 
detector efficiency 

-116cm

Rotation of crystal 
to improve LHCb 
detector efficiency
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Detector occupancy

‣ Large CPV effects are expected in 
charmless Λb decays, up to ACP=20%

�18
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‣ Occupancies for fixed-target events under control wrt generic 
bb events (ν=7.6)

‣ W target size (10,2,10) mm
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Identification of signal events
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‣ About 10-4       produced in the target are channeled in the bent 
crystal 

‣ Use PV to identify      produced in W target, and       vertex helps 
to identify decays outside of the crystal (max spin precession) 

‣      angle determined by crystal bending angle, e.g. θc=15mrad 

‣ Channeled baryons have high momentum    1 TeV/c ≳

Λ+
c

Λ+
c Λ+

c

Λ+
c

σx ∼ σy ∼ 0.1 mm
σz ∼ 1 cm

σx ∼ σy ∼ 0.07 mm
σz ∼ 2-3 mm

θC ≳ 12 mrad
LHCb acceptance
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     momentum distribution
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‣ At production (top) 

‣ After channeling and p>800 GeV/c

Λ+
c
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Experimental setup for baryon EDM - 28 Mar 2017Nicola Neri 

Signal reconstruction

‣ Λc
+→pK-π+ daughter particles (p≳300 GeV/c) have 

reduced momentum resolution ≳1%

13

Int. J. Mod. Phys. A 30, 1530022 (2015)
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‣ Invariant mass resolution 20 MeV is good enough for 
signal reconstruction and background rejection 
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Reconstruction of signal events
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‣ LHCb Upgrade performs well in reconstructing these events 
‣                       daughter particles (p>300 GeV) have reduced 

momentum resolution >1% 
‣ Invariant mass resolution 20 MeV is good enough for signal 

reconstruction and background rejection 

‣ Reconstruction independent 
on the proton flux

Λ+
c → pK−π+

Int. J. Mod. Phys. A 30, 1530022 (2015)
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Signal reconstruction

‣ Λc
+→pK-π+ daughter particles (p≳300 GeV/c) have 

reduced momentum resolution ≳1%

13

Int. J. Mod. Phys. A 30, 1530022 (2015)
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σ(m)≈20 MeV

p(Λc)=1 TeV/c

‣ Invariant mass resolution 20 MeV is good enough for 
signal reconstruction and background rejection 

LHCb Unofficial

LHCb Unofficial
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Background rejection

�22

‣ Rejection of unchanneled       produced in W target
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‣ Background rejection 10-7 level and signal efficiency 80% 

‣ High momentum       most sensitive for EDM measurementsΛ+
c

Λ+
c
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Synergetic run with LHCb

�23

‣ Synergetic running with LHCb feasible for small flux < 107 p/s 
‣ Simulated one PV in the target and ν=7.6 pp collisions 
‣ The presence of the target doesn’t impact the reconstruction of pp 

events

B0
s → ϕϕ

LHCb Unofficial
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Sensitivity on EDM

�24

‣ Technique applies to all short-lived positive baryons 

‣ Possibility to test new physics models

 c
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Sensitivity on MDM
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‣ First MDM measurements

PoT: protons on target 
W target 5 mm thick

S1: configuration at 
LHCb 
S2: dedicated 
experiment at LHC

EPJC 77 (2017), 828

Material of the crystal: 
   Silicon 

Germanium
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Conclusions

�26

‣ Experimental proposal for unique baryon EDM/MDM 
measurements in LHCb was presented 

‣ Those searches will extend the new physics discovery potential 
of LHC 

‣ Synergetic runs with pp collisions feasible
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Channeling efficiency

�29 SELDOM: search for electric dipole moment at LHCNicola Neri 

Channeling efficiency

�37
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‣ Channeling efficiency for Λc+ 

particles within Lindhard angle  

‣ Total channelling efficiency: 
Lindhard angle, dechanneling, 
Λc+ decay flight: 1·10-5 (Si),        
4·10-5 (Ge)

‣ Parametrisation from Biryukov, 
Valery M. (et al.), Crystal Channeling 
and Its Application at High-Energy 
Accelerators, Springer Verlag (1997)
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Sensitivity to EDM/MDM

�30 SELDOM: search for electric dipole moment at LHCNicola Neri 

Sensitivity to EDM/MDM
‣ Studies based on: 

- Λc+ from fixed-target 
(Pythia + EvtGen) 

- Reconstruction, Decay 
flight efficiency (LHCb 
simulation) 

- Channeling efficiency 
(parametrization) 

- Fit to spin precession 
(pseudo experiments)

�36

σ(pp → Λ+
c X) ≈ 18.2μb

dN
dΩ ∝ 1 + αf S ⋅ p

|S0 | ≈ 0.6

ϵdet ≈ 20 %

ϵch ≈ 10− 4

αΔ+ + K− ≈ − 0.67

ϵDF ≈ 10 %
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LHCb acceptance
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‣ Channeled particles with crystals with bending angle < 
14/15mrad has low reconstruction efficiency 

‣ Dependence of the reconstruction efficiency over azimuthal 
angle due to the LHCb detector geometry

Rotation of crystal 
to improve LHCb 
detector efficiency
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Crystal optimisation
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‣ Optimised sensitivity to EDM and MDM 
‣ Channeling and reconstruction efficiency included 

SELDOM: search for electric dipole moment at LHCNicola Neri 

Crystal optimisation
‣ Optimised sensitivity to EDM and MDM. 

Channeling and reconstruction efficiency included 

�38

Si crystal Ge crystal

Regions of minimal uncertainty of EDM (continuous line) and MDM (dotted line) defined 
as +20% uncertainty with respect to the minimum (point marker)
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‣ Regions of minimal uncertainty of EDM (continuous line) and 
MDM (dotted line) defined as +20% uncertainty wrt the 
minimum (point marker)


