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INtroduction

gh S _ gqnh S
»  Quantum system 0=d B h=85
0= electric dipole moment (EDM) *S # T*S
u= magnetic dipole moment (MDM) i i
Hamiltonian
H=—-u-B-6-E C | P | T
. , H — + —
Time reversal, Parity:
T.P o - + -
d//tNS . E > d//tNS . E E — — +
The EDM violates T and P and, B | - | + | -
via CPT theorem, violates CP S | + | + | -
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Physics motivations for EDM/MDM
measurements
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EDM: a probe for CPV beyond the SM

» Lepy =Lkt Lo+ Lpsu

- SM: negligible CKM contribution; 0-QCD for
possible CPV in strong interaction,

0 < 10~V from neutron EDM limit

Rev. Mod. Phys. 91, 015001 (2019)

Example of SM CKM contributions “Long distance” contribution
5, < Im(V, VEV, VEymm2a,GE &~ 10 ecm 8, ~ (1 —6) x 107 ecm
Y
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EDM: a probe for CPV beyond the SM

» Lepy=ZLcexkmt Lo+ Loy

- BSM: potential large contributions by new
physics scale Ay p and CP-violating phase ¢ py,

2
16 250 GeV ,
Opgy =~ (107ecm) SIN Pepy VeF
NP
Examples of BSM contributions Rev. Mod. Phys. 91, 015001 (2019)
jér /\E‘gu(q) 5 g
T TS P Xr
/// \\\ CjL /,/ qR

f // \\ f
p X p’ qr g dr
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Status of EDM measurements

» Need to measure many systems to disentangle the
underlying source of CPV

» World-wide experimental effort iIs ongoing to improve current
measurements and explore new systems

« SM-CKM = SM-0 - <d(expected) - <d(meas)

I; I’hysi(‘s'

‘Beyond
Colliders
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VIDM of heavy fermions

» No direct measurements to date for short-
ived charm, beauty baryons, and T lepton

» Experimental anchor points for test of low-
energy QCD models, related to non-
perturbative QCD dynamics

» Further information on baryon substructure

» Measurement of MDM of particles ana

antiparticles for a test of CPT symmetry
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MDM theoretical predictions

For 7 lepton : SM prediction (g—2)/2=117721(5)x10-8

Modern Physics Letters A. 22 (3): 159-179 (2007)

Indirect experimental limit: —0.052 < (g+-2)/2< 0.013, 95% CL

magnetic moment / [y
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Proposed experimental method for

charm baryons at LHC: AT, ET

T~ 10-13s

V. G. Baryshevsky, Phys.Lett.B 757 (2016) 426

L. Burmistrov et al, CERN-SPSC-2016-030, SPSC-EOI-012 (2016)
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



Channeling in bent crystals

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

» Potential well between crystal planes
E~1GV/cm

Transversal potential

20.00

» Positive charge particle with Ssoo

N—

momentum parallel to crystal plane 5.
(within few prad) can be trapped

5.00

» Well understood phenomenon 000 4
(Lindhard 19695) ) < )

» Bent crystals used to:

- steer high-energy particle beams, 7 #
very high effective magnetic field
B=500 T

- Induce spin precession

e Nicola Neri 13 @D FPCP2021




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

 CONFN # Nicola Ner 14 €D FPCP2021




AT, ET spin precession in bent crystals at LHC

,  Spin precession angle @ ~ 5 5 ;/«9C for baryons with large

boost y ~ 500 and bending angle 6~ ~ 15 mrad

1y
dS s'=(s.,s.,s.
= puxB*"+dxE* X (520 Sy, 52)
dt 7
E* 1L B* in particle rest frame HC
X

dN n
y oensitivity to MDM and EDM via spin-polarisation analyser —— X l+as’ -k
§—2 | T lcos(@) - 1]
S S COS —
~ Y0, e 0

EPJC (2017) 77:181
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Novel fixed-target experiment at LHC for charm baryons

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

z(m)

y (cm) | not to scale

v detector

s = EDM signature o .
Bent crystal ' \

|
. Target *l
1)Crystal kicker detector ~100 m - getl 1 . B . v /
~ . v E* 2) p s
z (m) 2)W target -
3)Bent crystal 4) Absorber
y (cm)

Attention: not in scale

p extraction
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Novel fixed-target experiment at LHC for charm baryons

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

z(m)

y (cm) | not to scale

v detector

s = EDM signature o \
Bent crystal 4 N

|
. Target l |
1)Crystal kicker detector ~100 m - gct | . B B v /
. v p
Y 2) o
2)W target T
3)Bent crystal 4) Absorber

p extraction /\c* polarised production
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Novel fixed-target experiment at LHC for charm baryons

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

z(m)

y (cm) | not to scale

v detector

s = EDM signature

|
eam ~ "T** ”””” - 0 0 - _)/4\
deflected beam %<:—\-::_ SR Bent crystal
e -
———————————— A, -l
~100 m el
1)Crystal kicker detector ~100 m o
2)W target
3)Bent crystal 4) Absorber

p extraction /As+ polarised production channeling spin precession
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Novel fixed-target experiment at LHC for charm baryons

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

z(m)

y (cm) | not to scale

1)Crystal kicker

2)W target
3)Bent crystal

detector

detector

s = EDM signature o
Bent crystal Y N

| |
P Target l *l '
~100 m - &% | v B* v
YR 2

4) Absorber

p extraction ¢+ polarised production channeling spin precession event reconstruction

INFN e Nicola Neri
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| HCb Upgrade detector

Possible implementation of the fixed-target experiment upstream of the LHCb detector

New silicon Upgtream Tracker (UT)  \ow scintillating

__ fibre tracker (SciFi)
'/, Side View "'. ECAL HCAL "4 M5
. s M3
./ Magnet SciFi ‘/'RICHZ M2
New pixel [ K Tracker
VELO detector 7|/ CTHE

) pesamas  ALRIE | | [ || RS
' A!@ |

Proposed target i

setup \ i -

upgrade R : ‘\
New RICH optics and New electronics for calorimeter
photodetectors and muon system

(INFN & Nicola Neri 20 @D FPCP2021




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

-+ -}
-
A baryon PRD 103, 072003 (2021) 2. baryon
1F~; 1F Te,
-, - O Ge .5 SN - 0 Ge 15
E 5Ge77K 1107 L §Ge77K 310
(o] s 3 Si : L e+ 8 Si
I S Ge 32 El . N B == 0 Ge 82 E
=z P, e | T, A S S &)
=. 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 L1 111 1 L1 1111 10_18 10_3 | 1 IIIIII[I L III”I L IIIIII . E— 10_18
1012 1013 1014 1015 1016 1012 1013 1014 1015 1016
PoT PoT

» Measurements are statistically limited

erc Nicola Neri 21 @D MDM/EDM of short-lived particles at LHC




R&D and
oreparatory studies
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LHC (SPS) machine studies

D. Mirarchi, A. S. Fomin, S. Redaelli, W. Scandale, W. Scandale et al., arXiv:2103.14681
EPJC 80 (2020) 10, 929

LHC machine layout simulations Experimental results at SPS
Cry2 + target [CSGs TCLA
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W. Scandale et al., PLB 758 (2016) 129-133

e Channeling of 6.5 TeV at LHC already demonstrated by UA9

¢ Viable layout: 106 p/s on target close to LHCb. Possibility to improve
performance with a dedicated experiment at LHC

e Successful layout test done at SPS. Test in LHC possibly during Run3
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https://arxiv.org/abs/2103.14681

L ong bent crystal prototypes

Si: 8 cm long, bent @16.0 mrad
Ge: 5 cm long, bent @14.5 mrad

PRD 103, 072003 (2021)

i — Ge experiment
102 o 7o Ge simulation |
- —— Si experiment
.g B ----- Si simulation »
S : :
S107*
8 F
@ -
2 _
S |
107° ”\A =
= S‘»" fN |
- 1 “ ol
- h b !}A v‘
: 10° | | i
Courtesy of A. Mazzolari 0 5000 10000 15000

Deflection angle (urad)

- Si and Ge long bent crystals developed at INFN-Ferrara.
Channeling efficiency >10% for 180 GeV/c pions
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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.): uS = 3323.03 £0.98, 0% = 21.38 + 1.23 2::5:2 ; 2363:2)’?77' = 321‘2773 1‘3635 1 Sample 2 - [6/2]
‘NcH= i * 0. ————
| [sample 2 (6./2): u¢H =11607.25 £ 1.16, 0" = 43.59 + 1.16 Sample 2 6,): Nen=14.67 + 0.35 ©ZZ3 Sample 2 - |6
| |Sample 2 (6,): S =11606.16 + 1.29, 05" =42.98 + 1.29 Sample 3 (6/2): Ncy = 43.84 +1.13 1 Sample 3 - |6./2|
Sample 3 (6./2): u = 2215.17 +1.15, 0H = 27.84 +1.15 Sample 3 (8.): Ny = 34.54 + 0.75 c==3 Sample 3 - |6,
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: N R. Rossi et al 2021 JINST 16 P05017
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- Si crystals produced at INFN-Ferrara
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Horizontal Deflection A6, [urad]

8.0
3.0
2.5
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Fixed-target setup upstream of LHCb

300 mm |

PLUME

‘ Goniometer mu

Y

| be clamped to t
floor

>

>

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

Accuracy on position ~20 pm,
rotation angle ~20 prad

4

Goniometer for target+crystal
positioned in the region
upstream of the LHCb detector

26
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Production of Act baryons

Measured CC Cross-section at \/SNN =
86.6 GeV - Ocg = 144 + 12.1 + 3.5 pb/

nucleon

Expected /Ac+ cross-section at Y s=115
GeV: o(A\ct)~ 11 ub

A\ct polarization measurements ongoing
using p-Gas collisions (signal yield of few
hundreds)

Momentum and polarization for Ac*
baryons produced in fixed-target (Ge
crystal at 293 K)

Sy and § . polarisations for Ac*

baryons with 6, ~=0.3 mrad between
impinging p and crystal

erc Nicola Neri 27

PRL 122, 132002 (2019), Erratum

= | T : B
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C _
2 10
© i
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o il
\ — 5
_0_54|_|_|— A — LI_I_Ill_‘_‘_'lv; 0
1000 2000 3000

p [GeV/c]
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Use copious A, ET 3-body decays

4

4

Use many 3-body decays to increase the signal yield

Extract maximum information via full amplitude analysis of the
D. Marangotto, AHEP (2020) 7463073

3-body decays

PRD 103, 072003 (2021)

A[ final state B (%) €3k Begs (%)
pKnt 6.28 +0.32 0.99 6.25
Stant 4.50 +£0.25 0.54 243
S atnt 1.87 =0.18 0.71 1.33
prn nt 0.461 £+ 0.028 1.00 0.46
E-Ktnt 0.62 £+ 0.06 0.73 0.45
>TK-KT 0.35 +0.04 0.51 0.18
pK~K* 0.106 = 0.006 0.98 0.11
Sta= KTt 0.21 £0.06 0.54 0.11
pK~ xt o 4.46 £+ 0.30 0.99 443
Strntnd 3.20 0.54 1.72
> ztata® 2.1+04 0.71 1.49
S+ pad)z-at 2.32 0.46 1.06
S+ paK-K+ 0.18 0.46 0.08
>t pala~ KT 0.11 0.46 0.05
All 20.2
@:?\l _erc Nicola Neri

120

[
o0

[
@)

100

m2(K %) [GeV?/ 4]
N

IlllllllllllIlllIlllIlllIllll

i
12
1
0.8F
0.6
04k A
2 3 4
m2(pK") [GeV?/ 4]
28 @D FPCP2021



Proposed experimental method for

neutral long-lived A baryons in LHCb
T~ 10-10g

F.J. Botella et al., Eur.Phys.J.C 77 (2017) 181
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Status of art for A baryon EDM/MDM

»  Current limit on A baryon EDM < 1.5 X 107 1%cm
at 95% CL L. Pondrom et al., Phys. Rev. D 23, 814 (1981)

»  Measurement of MDM pia=(—0.6138+0.0047)un but
NO measurement for A exists  Phys.Rev.Lett. 41 (1978) 1348

»  Measurement of MDM of A is needed for a CPT test

» New BESIII measurement of A decay parameter
iInconsistent with previous results

a = 0.750 = 0.009 = 0.004 Nature Phys. 15 (2019) 631-634

» Need new measurements to verify and improve
orevious results based on wrong a value




/\ baryons

» Long-lived A baryons can travel
through the LHCb dipole magnet
B~1T

»  Spin precession in LHCb B field

»  Select A (anti-A\) from weak charm
decays

N — Nrrrntn™

e.g. Ag — JIyA, zg S AK v Al > An'rn
T Long tracks
T

- Large longitudinal polarisation (up to 90%) A T
due to parity violation in the weak decay %

T

T-tracks

A
p

» Challenge: reconstruction of A baryons
decaying at the end of the magnet

e Nicola Neri 31 @D FPCP2021



Novel experimental technigue for strange baryons

»  EDM/MDM from spin precession of A baryon in LHCb dipole magnet

o Ag — Jly(p pn )A(pr~)decay T1 T2 Tz RICH —  _— .
A X 3x4 layers
X W ] —1_,,—"/’/ /// . \\\\
2m - /Sy=EDM signature*,
TT o I/l y/\ \
2x2 layers Su=S5
J g =S
¥F’ IIeTy(e)rs I B /// ;
S - __S? et |t 2 B
N fodield, o |t
O —\\ i T — —
Ar’L | ~_ T 17
\\
=2 == \\
-~ T zaxis
| | | | > Zoom 1n
Sm 10m

/\ polarised production
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Novel experimental technigue for strange baryons

»  EDM/MDM from spin precession of A baryon in LHCb dipole magnet

o Ag - Jhw(p p )A(pr~)decay Ti1T2Ts RICH — _—
A % 3x4 layers
X W ] —1_,,—"/’/ /// . \\\\
2m - /Sy=EDM signature*,
TT o I/l y/\ \
2x2 layers Su=S5
J g =S
¥F’ IIeTy(e)rs I B /// ;
S - __S? et |t 2 B
N fodield, o |t
O —\\ i T — —
(\b L sl ~ i A
\\
=2 == \\
-~ T zaxis
| | | | > Z00m 1n
5m 10m

/\ polarised production spin precession
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Novel experimental technigue for strange baryons

»  EDM/MDM from spin precession of A baryon in LHCb dipole magnet

. Ag — Jly(p p )A(pr~)decay T1 T, Tz RICH —  .— .
A E 3x4 layers
o4 [ w —1_/ =] /// . \\\\
om - - /Sy =EDM signature*,
TT A
2x2 layers Q=S5
J g 0=S%
d\g]f:' Ilé'y(e)rs I B /// :’
| __S? wegrete | |1 2 B
\\ -- ] field o | T
0 U ” 1l _
\{\b | _% y —\~$7Z'
\\
2m i -\\__\\\\‘ \\\\\
- zaxis
| | | | > Zoom 1n
5Sm 10m
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Sensitivity on MDM/EDM

»  For initial longitudinal polarisation S, = §2

» Spin rotation after LHCb magnet (B field)

Sy = —spsSIn @ BI
T
s = Sy:_s()@smq; (D%gﬂB ~— BL~4Tm
: Bhc 4

S, = S0 Cos P

Spin analyser in A helicity frame _ &

dN . T
g st o
CPT test <10-3 via A/A MDM o5

0.2

EDM limit < 10-18e cm with 50 fb-1 o,

04 F
0



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

Sensitivity to dipole moments for 7 lepton

Phys. Rev. Lett. 123, 011801 (2019)

. . . 310"
Multivariate classifier based on reconstructed —(@,9) 110
. . . 10N . e (a, 8) $=0.58
T variables to determine the polarization and — a 6,tagging -
. P . S NG N — 5 6,-taggi
average event information 5=0.42 —a Dycaggmg !
_\*.". ----- 6 DC | 10—16 E
+ _ 2 . o
S2 — ! — (W’L (n) = W, 07)) 2102 F ] D,
i 2 + — 'S - §
NIEo; Wi (n) + W, (n) = - i 2
§ I ] 5
S i T: 10—17 3
10° ] “
Q - . .
£ ‘ oy 1071
g 10_4 | IllIIlll ! IlllllII | lIllllII | llllIllI | IIX:‘-
LLJ 10° 10" 107 10" 10"
PoT
‘ Test g-2 SM prediction with ~1077 PoT
-0.2 0.5 1.2 EDM sensitivity ~10-77e cm

Challenging: dedicated experiment needed
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.011801

Summary

» Measurements of MDM/EDM of particles are sensitive
to physics within and beyond the SM

» Measurements of MDM/EDM of short-lived particles
at LHC, i.e. strange and charm baryons and tau lepton,
are proposed

» First measurements are possible in 2 year data taking
- strange baryons, using the LHCb detector

- charm baryons, require a fixed-target setup to be
installed upstream of the LHCb detector

» Challenging for tau lepton, requires a dedicated
experiment at LHC
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Status and next steps

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

» Machine test in LHC possibly during Run3

» Aim at installation and data taking in LHCDb for first
measurements in the near future

» Design a dedicated fixed-target experiment at LHC at high
statistics for a more ambitious physics program: beauty
baryons, tau lepton
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Thanks for your attention!
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(2017).

- L. Henry, D. Marangotto, F. Martinez Vidal, A. Merli, N. Neri, P. Robbe, J. Ruiz Vidal, CERN- LHCb-INT-2017-011,
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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)
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Backup slides




Preparatory studies in LHCb

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

Rotation of crystal to

iéﬂfrore L?Qb »  About 10-4 Ac* produced in the target
=1oClOr Stelency are channeled in the bent crystal

1 <1800
1 1600
1 1400
1. 1200
1 =11000
11={800
1551600
- 48400
185200

Good res. on production and decay vertex g asEo.
(7-8mm), Oc angle (25urad), m(pKry) (20 MeV) -
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Layout for dedicated experiment

D. Mirarchi, A. S. Fomin, S. Redaelli, W. Scandale EPJC 80 (2020) 10, 929

Cry2 + target TCSGSTCLA

LHC Collimation
y Project
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At IR3 with optimised detector acceptance and
reduced crystal bending (5 mrad), about x100
channeled particles can be achieved
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MDM of short-lived baryons

» Charm baryon MDM with bent crystals
firstly studied in:

proton
beam

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

- V. V. Baublis et al., NIMB 90 (1 994) 112-118 Fig. 3. Schematic diagram of the AT (A®) polarization production.

- V. M. Samsonov, NIMB 119 (1996) 271-279
. < 0 T:B’
» Revisited for LHC energies: [ &f

- V. M. Baryshevsky, PLB 757 (2016) 426-429,
NIMB 402, 5 (2017)

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

- A.S. Fomin et al., JHEP 08 (2017) 120 ri 1 o eon et vt
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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

P

A
Downbend ‘ _
Jffﬂ Crystal W e o — —— ===~~~

B —

— —
- e e —
— —
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o polarization Downbend
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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.

@D FPCP2021



Charm baryon polarisation

A

» Fixed-target production: polarisation is Y | production plane
perpendicular to production plane due to
Darity conservation in strong interaction

—_

o
o0

Polarization, P,.
o o
~ o))
[ |

o
N
T
>
v

/¢t polarisation vs transverse momentum

of i
! measured by E/791 experiment in 500
| GeV/c 1—-N reactions
» Increases with A\:+ transverse momentum
a 0 0.25 0.5 0.75 1 1.25 1.5 1.75 pt2(@2@.\2/&5/62).5
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X

Channeling simulations: Ge provides better steering efficiency wrt Si,
especially if cooled at T=77 K. R&D on cryogenic Ge crystals in

progress

Steering efficiency
o o
a o N
O N O

O
—h

0.05

PRD 103, 072003 (2021)

cm, 16mrad

. [f'mrad

IIII|IIII|IIII

T R S T N R S T ——
OO 1000 2000 3000 4000 5000
Energy [GeV]
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Channeling efficiency vs energy

PRD 103, 072003 (2021)

0.2
— (Germanium

j — Silicon
015 Y SR ............................. : _ Lo,

g — S|80cm I60mrad

B ol N\ —Ge55cm I47mrad

> l
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| i | i
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Detector simulation
studies
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Simulation studies

» Tungsten (W) 5 mm fixed target + bent crystal positioned
in (0, 0.4, -116) cm, before the interaction point

Rotation of crystal to
improve LHCb
detector efficiency

»  Use EPOS for fixed-target minimum bias events,
PYTHIA for baryons produced in p\W hard collisions

» Signal reconstruction and background rejection
studied using LHCb full simulation



Fixed-target simulation

» Radiography of the target in (0, 0.3, -116) cm

» Distribution of origin vertex of stable charged particles
IN simulated events

»  Simulated processes include: hadronic interactions,
pair production, Bremsstrahlung, Compton, o rays

R 3 416000 = @ F
g O E S E
— 45E 3 {14000 L e ]
> T F - - - b ]
4F 3 {12000 4 =

35 3 10000 Lsb E

S < {8000 i :
- {6000 ) 3 E

| i £ ‘3854000 25F 3

1E 2000 N3 :

-2 0 2 0 ~1150 ~1100 ~1050

X [mm] z [mm]
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|[dentification of signal events

» About 104 /At produced in the target are channeled in the
bent crystal

d ~ 200um

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

» /\ct angle determined by crystal bending angle, e.g. 6¢c=15 mrad

» Channeled baryons have high momentum =1 TeV/c
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p (TeV/c)

Act momentum daistribution

FT spectrum

i B

j 2 » At production (top)

Z? :: » After channeling and

) Is p>800 GeV/c (bottom)

20 15 10 -5 0 5 10 15 20

0, (mrad)

_Si, L~7 cm, B¢c~14 mrad Qe, L~5 cm, Bc~15 mrad
- L <p>~1.320 TeV “F m <p>~1.379 leV

| +
L oy

+ : 4
""""""""""" I_+_'"|""I""|"" 0IIII|IIII|IlII|l|II|IIIITII-*-"'llllllllllllllllllll
0 05 1 15 2 25 3 35 4 b 05 1 15 2 25 3 35 4 45 5
p (TeV) p (TeV)
e Nicola Neri 56 @D FPCP2021



Background rejection

» Rejection of unchanneled Act produced in W target

Signal events

Crystal-transparent events

—~~ 4 3
3 - . x10
> 35F s S 3:5_ R
L;/_ 3t SIGNAL REGION —25 Lii '3§_SIGNAL REGION s
2-52— I —20 CL2.5%— —4
2k ]
- —15 2r |
1.50 - ‘ }
1 1 10 2
0.5F r S 1
9% 71 12 13 14 15 16 17 18 ° Q%0 11 12 13 14 15 16 17 18 °
6, (mrad) 6, (mrad)
Channeled particles Unchanneled particles

»  Signal region: 14.8<6<15.2 mrad [0(B)~25urad], pac> 800 GeV/c
» Background rejection 10-7 level and signal efficiency 80%

»  High momentum Act most sensitive for EDM measurements
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EDM/MDM sensitivity
studies
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Intrinsic MDM of baryons

- g # 2 due to internal substructure, not point-like fermions

ment. model
- From baryon MDM to quark MDM using quark model 3 _____input 2,
pp = (44w — pa)/3 ,Un = (4pd — pu)/3 2
ps+ = (dppu — ps)/3 = (4pd — ps)/3 ~ |
p=0 = (4ps — piu) /3 = (4ps — pa)/3 s .
HA = Us :“20 = 2y + 2uq — ps)/3 g - — 3’
po— = 3is gL
5 0
Oy éo - A
My =~  quark MDM e mpat
2mq ' —_— Z::o
i - 2‘6—_>A
-2— —/——"7 input n

W, =2.79284734462 (32) un

»  Precise measurement of p MDM
G. Schneider et al., Science 358, 1081 (2017)

» Test of CPT symmetry with p MDM pp= —2.7928473441(42)uN
C. Smorra et al., Nature 550 (2017) 7676, 371-374
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Heavy baryon EDM

» EDM of baryons 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 toO:

qEDM ——6 qc’“vsq qCED'V'g isq%wvsfaqufv

g% or

Charm EDM in SM-CKM ~10-32 e cm Charm EDM with new physics ~5-10-177 e cm
Khriplovich, Lamoreaux (1997) EPJC 77 (2017), 102

D X
s
Standard Model = \
Y cP e’ Yoo ef c
_%»_I_ _|_>_|_/
X~ o~ v
/\ »L L
C C / \ / \
CI | 1 C C I C
§7X07XB X

Heavy baryon EDM observation = clear signature of new physics
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Sensitivity to EDM/MDM

» Studies based on;

Nct from fixed-target
(Pythia + EvtGen)

Reconstruction, Decay
flight efficiency (LHCb
simulation)

Channeling efficiency
(parametrization)

Fit to spin precession
(oseudo experiments)

O ~
o rsp (cos P — 1) Nfio
_ ©
Nicola Neri o1

‘ {w INFN  src

reco

At = N,+B(A7 = f)ecHEDFEdet

o(pp — AJX) ~ 18.2ub
| Sy =~ 0.6

Gdet ~ 20% €D|: ~ 10 %

€ch X 10~

aN l+a S
—— a a °
10 R 4

CIA++K_ R/J - 0.67

4 2 1 )
Og ~
oFSoY QC / Nreio
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MDM/EDM 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

PRD 103, 072003 (2021)

1, 2F :!1-6%
S~ 1.8F -
% 16: E 14
O 1712
~ 14 —
LRPY: 1!
I L ]
Ei - 1 0.8
T 1F E
0.8F E
0.6F 404
0.4F = (1)

m2(pK)[GeV?/c*

. INFN & Nicola Neri

Decay distribution

W(E|s) = (&) + 58(5)

& = phase space variable
S=spin polarisation

Sensitivity: average event information

62

@ J g°(® g
HE) + 508(8)
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Crystal optimisation

»  Optimised sensitivity to MDM and EDM for Ge
crystal. Channeling and reconstruction efficiency
included

Regions of minimal uncertainty of EDM (black circle) and MDM (red square) defined as
+20%, +50%, 100% uncertainty with respect to the minimum (point markers)
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-uture plans for T lepton
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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. Roblbe, 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,sdJHEP (2019) 2019: 156, IC Channeling 2018.



