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Outline

Fixed target experiment with bent crystals at
CERN to measure EDM/MDM of charmed
baryons

e Physics motivation
e Detector layout and schedule

e Beyond dipole moments:
J/p photoproduction case



Physics Motivations



Dipole moments
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EDM of charm hadrons

Space for BSM discovery AT = [ud]c Bt = [us]c
C =c T

* SM-CKM = SM-0 = <g®xpected) , cg(meas)

Charm baryons EDM not

1078
e Measured yet
10 o Short lifetime: T~10"%s
-25
i . et ~ 100 um
10~
s ® Decay length
| 10~ v~ 500 ~vyer = 5cm
1 PhySics 10
*Beyond -40
WS lliders 0 EDM/MDM = measure
10 . . .
precession in high

intensity field

J. Phys. G: Nucl. Part. Phys. 47 (2020) 010501
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MDM

The measurement of the baryon MDM provides experimental anchor points for low energy
models of strong interactions
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Channeling in bent crystals

For positive charged particles, bent crystals can be used to:

Steer particles at a given angle
(within ~prad acceptance)

25003 [ransversal potential
N2
N gfé&‘
\ / A %7
-

Electric field: E ~ 1GV/cm

Induce spin precession in short distance

Effective magneticfield: B ~500T v ~ 500 0. ~ 10 mrad
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A" signal topology

Average momentum of 1 TeV for channeled A_*
baryons for bending angle 6, = 7 mrad

Momentum of AC+ baryons Momentum of daughter particles

Si 7mrad

p
k

Decay products

= =
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momentum[GeV]
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Fixed-target experiment layout

. Not in scale
First bent crystal for secondary Magnet
Tracker

beam Tracker
Second bent crystal channeling Bent crystal
charm hadrons (7 mrad of 5/7 mrad [
bending) Bent crystal 7

50 prad ¥ 1

target ¢ [y
Target: W, 2cm e m , .
i - i I
A — pKm is reconstructed thanks Main 7 TeV proton beam @ | 2Rs
to a spectrometer composed by v
warm/permanent magnet + « - ey Absorber
tracking stations g = 100 m ~1m L
Z
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Location of double-crystal setup

IR3 scenario

build a new experiment at IR3

CRY1: 50prad

LHCb scenario
place the fixed-target & crystal in
front of LHCb
c Ds?aulbslziu 82 ;77 e \\\
CRY2: 7000prad ¥ v */ R4 (RF) IR6 (beam @
) ‘__,_ extraction)
Timeline: LS3 [ \
= \
IR3 (momentum IR7 (betatron
collimation)

collimation)

-
L]

IR2 (ALICE,
injection B1)

IR8 (LHCDb,
injection B2)

SMOG-2: approved

Gaseous sfuf?ee
targets v
Slngle- Crystal 1
crystal setup
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e ——

Double- CRY1: 150prad
CRY1: 100-175prad crystal setup
S. Redaelli, PBC General WG, 02/12/2021
- Universita di Genova

CRY2: ~14000prad
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Sensitivity to EDVM/MDM

2cm W target, E ", s 5 G0 | s
2 years, with a proton flux of 10°p/s .. ™. ggf 7K 3
13 g ] _
— 1.37x10"° PoT . ! - 3Ge>, =
- (&]
3‘ 10—1 *w, . S,
s 1° 2 | @RS
LHCb 2 1 £ | @
5 | 2 g
EDM precision ® 402k 3 - o ED7M %e1c7|3|on
_ 16 & - 3 e =7x10"" ecm
=2x10""ecm = J— € g
L nGe 77 K .
.. —11 Si o ..
MDM precision * =0 B ty MDOM precision
=4% 103 b— i il 0 i o 10718 =2%
6= 4= 8= (6™ 40"

PoT
Dedicated experiment better than LHCb scenario by factor 2

+ higher flux = higher PoT &/or reduced data-taking time
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IR3 experiment’ schedule

Phase 0: “Proof-of-Principle” (PoP) experiment .
Run 3
2025 - asked for by LHCb & approved by LMC (LHC Machine gn%légss bzen signed
Committee) y an

- To measure channeling at TeV energies scale contributing institutes;

= if successful _
Collaboration for

Phase 1: future experiment will
Run 4 setup to perform first physics measurements: soon be formed &
2029 - Charm baryons EDM/MDM with O(10"3PoT), T EDM Letter of Intent is in
& other physics opportunities? preparation
beyond Phase 2:

setup to ultimate the physics measurements:
- EDM/MDM measurements with full sensitivity
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Other physics opportunities

Proposal of studying vector-meson photoproduction:
- very forward fixed-target (Pb target) experiment with n>5 can result in high
cross-sections
- complementary to existing experiments — independent measurements
= Main topic of the following

Study charm production cross section at very small angle

- complementary kinematics with respect to SMOG2
From F. Martinez-Vidal at PBC-QCD link

Momentum (GeV) <500 >800

Transverse momentum >0.5 <1

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

Momentum transfer Q 20to 115 ~4

Bjorken-x Down to ~ 1033 Down to ~ 103

Feyman-x Large negative Large positive
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Detector layout



SpeCtrometer for IR3 “ icture of IR3 and MCBW magnet &

Magnet
e orbit correction dipole magnets at IR3
Magnet L [m] B [T]

MBW 3.4 1.4
MCBW 1.7 1.1

TraCking Stations https://edms.cern.ch/panoramas/viewer?ov:90.00&id:36409858&Iat:—27.0G&Ion:24l.01
e Tiles of VELOPix: TDR VELO module ) ALFA Roman Pot
55x55 um? pixel, i
pixel hit rate 600 MHz/cm?, 12 um hit
resolution

e Roman Pots: ALFA Roman Pots
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https://cds.cern.ch/record/1624070/files/LHCB-TDR-013.pdf

Simulations

Based on DD4hep: gitlab repository IR3Detector

e .. . Results
Optimization of the detector design: «  Proton flux of 10%p/s (up to 107p/s):
e Trackers technology & positions rate is sustainable by VeloPix chip
e Magnet acceptance e Good acceptance (~50%), further

increased with some design
modifications
e m(Lc) resolution ~30 MeV

Background discrimination
e combinatorial & unchanneled A _
e peaking backgrounds from D* and D_
decays = proposal of a RICH detector

= Letter of Intent under preparation

§ 4e3 2
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https://gitlab.cern.ch/elspadar/ir3detector

RICH Detector DIA DEM

Proposal by Roger Forty

Analytic calculation for isolated tracks

Proposal of a 5m long radiator filled with He: Discrimination at
500 cm 3o forp-mupto 7 P
. T 1.7 TeV 2 wo0f
Photosensor Helium (or neon) Track 5
array > L > 15cm g ol
— Mirror \L ’ 5e

100 1000
Momentum (GeV/c)

Beam-pipe with exit window
Resolution of o = 42 prad per photon — sub-mm photodetector size: array of SiPM

Sl0re=—==—=—ro T T T T T

S Rl v Ty _
LOR L ST
Background discrimination - N, ] = Next
— Lc efficiency of 90% and bkg rejection 95% *°f *1  define the geometry &
ol s | include into DD4hep
¢
0.2 L
Project is part of ECFA DRD4 :
0.0 =

P B U R R B
0.75 0.80 0.85 0.90 0.95
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J/v photoproduction



Inclusive Vector Meson photoproduction

in collaboration with A. Pilloni

Motivation is to perform feasibility studies for: r
- J/yp photoproduction cross-section at threshold

— understand role of open-charm thresholds

- search for pentaquarks in prompt production
= improve upon recent GlueX results (J/y yield= 2270)
[Phys. Rev. C 108, 025201 ]

Process characteristics: Our experiment at IR3
- very forward production = covers a pseudorapidity range from 5to 8
- exclusive process: only J/p and p = hermetic detector
- high cross-section due to high target Z = ~10 nb, calculated with simulations
- high luminosity due to target Z = about 10%° cm?s™ with 10%p/s & 2 cm W target

Elisabetta Spadaro Norella - Universita di Genova



J/v photoproduction

1. Cross-section estimates for pW and PbW at 7 TeV beam energy

& Resolutions on reconstructed m(J/y p)
Muon stations

RICH

2. Detector optimization @

a. Muon optimization
b. Exclusive veto

~15m

3. J/ypacceptance

4. Expected yields
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Cross-section estimates

Physics Letters B 805 (2020) 135447

Cross-section estimate with STARLight MC link
1. pW interactions. Beam energy = 7 TeV
2. PbW interactions. Beam energy =7 TeV x Z

= Dominant process is incoherent photon-p interaction,
with photon emitted by target (proportional to Z)

1. pW:0=42nb, yinrange 3<y<8 2. PbW: 6=1.89 mub, y in range 2<y<6.5
with 4.2<ng<30 GeV with 4.2<ng<50 GeV

—— Predicted
}  Generated

10°

—e— Predicted
} Generated
100 4

102 4

10~ 4
10! 4

| 1,

10!

do/dy [nb]
do/dy [nb]

10-2 4

1073
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https://starlight.hepforge.org/

Cross-section estimates

Cross-section estimate with STARLight MC link
1. pW interactions. Beam energy = 7 TeV
2. PbW interactions. Beam energy =7 TeV x Z

Comparison with GlueX: cross-section in range 4.2<W<4.8 GeV
1. pW:0=0.5nb 2. PbW: 6=72 nb, y in 2<y<6.5

102

10°
10! 4

o
£
a
5 -
T 2 1004
! o
Q
>
5
=1
10 10-1 4
4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 102 T T T T
W_py [GeV] 4.0 4.2 44 4.6 4.8 5.0

W_py [GeV]
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https://starlight.hepforge.org/

Photoproduction kinematics

In order to measure the invariant mass ~ m?(J/vyp) = m3 ., +mp + 2(EyErpy — |pyllpssylcos(85/y,))
resolution, we need to reconstruct: ¥ -
e twomuons — p, ~ 500 GeV Proton momentum : W
1y measurement is not required
e deflected proton — 6, <250 prad Pp,fin = Pp,in — PJ/y : -
01/

(under collinear photon :
approximation) m Pp, fin

Pixel detector intercepts the proton deflected beam to

improve the reconstruction of photoproduction events 17 +
p — P
=
LHC beam H B
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Invariant mass resolution

Track angles: Resolution Detector
- 0_<250 prad : .
2 2“5 g = R 204D = 14 prad —,  Pixel stations before magnet:
- Yyjyps 0o Mra with ¢, = 10um, D = 1m - Hitreso: g = 55um/v/12 = 15um

- Multiple scattering <5 pm
Momentum: %

- <pJ/psi>~500 GeV — Up/p: mas: 1.7%
with  BL=19 Tm

= Trackers + Muon stations

Invariant mass resolution estimated with parametric simulations (smearing mu momenta and mu, p angles)

m(J/y p) distribution Resolution on m(J/y p)

o _ m(J/Yp)=m(J /9p)iyue
e Generated mass E m(J/yp) T /YD) true
e (/YD) e : ,
g ! ol Resolution on P_ mass:
Om(py = 0 m(P:) ~ 20MeV

I O /T |
18 20 0.05 0.
m(J/y p) [GeV] (m{Jhy p)-midiy p),_#)!m(er P,
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Muon detector

Technologies:
- Si strip detector: UT sensor of 10x10 cm?
- pitch=180pum — 0=180/sqrt(12)= 52pm

- MWPC: Gas mixture: Ar:CF4:C02[0.6:0.1:0.3], 5mm
_ 2

- pad=20x25mm = angular reso of 1 mrad

- chamber= 48x20 cm? = 24 x 8 pads

Interleaved with iron filters, 90 cm thick (to be optimized)

Possible design solutions investigated:
1.  First station of Si strip with area of 40x20cm? + 3 stations of MWPC
2. 4 stations of Si, with reduced area (about 20x20 cm?, 4/5 tracker stations per layer)
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Muon stations' occupancy

Silicon strip detectors as UT Muon Chamber MWPC
pitch: 200 mum pad= 20x25mm?
sensor: 10x10 cm? chamber= 48x20 cm? = 24 x 8 pads
Occupancv of 'avers = Maximum rate < 1-2 MHz
E™ \ - 3 First station Second station
> 150 : f-j Rate of layer 8 Rate of layer 9
100 f " g E g

: I

Maximum rate below limits: ~500 800 400 200 O 200 400 600

x [mm]

- Flux=10° p/s = 36 kHz = It could be used from second station on with flux 10° p/s

{ IH“ ‘ |

x lmm]

0

n |, |
-400 - 400

= If we want to go to 107 p/s, we need to build full Si sensors or optimize the filter length
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rate of hits [MHz]




Veto exclusive events

Tag events which contain only 3 tracks: 1 proton and 2 muons

= Necessary to build an hermetic detector, we are investigating:
1) Tracking stations below the beam pipe to enlarge acceptance in the forward region
2) Scintillator downstream at a distance of 100m, such as Hershel of LHCb [JINST 13 (2018) P04017]

Inelastic interactions: initial proton can interact with target and crystal after being produced
= probability of having inelastic interaction with W and Si
-Pinel — (1 _ e_ztarget/)‘I/V) -+ (1 _ e_zCry//\Si) — 032
1— P, =0.68

= this factor needs to be multiplied by the acceptance efficiency
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http://dx.doi.org/10.1088/1748-0221/13/04/P04017

Simulations

Events: 10000 J/y events in DD4hep Muon stations

Stations geometry:
e Position: first station at z=15m
e Outside beam pipe:
o 2 beampipes at about 20 cm
o radius reduced to 2.5 cm

Pseudorapidity coverage: Very forward acceptance: 4.5<y<7

3 Jpsi 3 Jpsi
pW N psi in‘acceptance PbW B Jpsi in acceptance
[ mum in acceptance [ mum in acceptance
[ mup in acceptance [ mup in acceptance
2
102 1 10
2 2
g g
& >
w
10! 4 10! 4
0 |
1009 | ol 10°

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0

pseudorapidity [rad] 40 45 50 55 60 65 70 75 80

Pseudorapidity [rad]
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Acceptance

Scenario 1: 1st plane of Si strip (40x20cm?) + MWPC (1m?)
- Position: first station at z=12-20m

Acceptance = number of J/y reconstructed using tracker stations before magnet and muon stations (at
least 6 hits out of 8)

Acceptance with Muon stations, pW Acceptance with Muon stations, PbW

0.30

025 | pW osa ] PbW = Position of 15m is
t f acceptable:
) 0.20 + ) 0.10 - + + ) pW 20%
g;om 4 %0'0& - PbW: 10% = ~% pW

19
20

o~ m < ['s) © ~ © ) o o~ ] < ['s) © ~ ©
— — — — — ~ — — — — —

= = ] ] =
muon station position [m] muon station position [m]

= Investigating if it is possible to increase the acceptance:
e by reducing beam pipe radius and/or moving beam pipe down
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* p=19.3g/cm?

: . . N4 = 6.02-10%
First estimates of yields L 2 om
M = 184g /mol
Luminosity: o
99 9 1 Expected data-taking time: Integrated L:
L = Oarget - ® = 1.26-10%em™"s - proton run (/year): 6.85x10°s [L£=0.89pb"
Orarget = % *and & =10°p/s - Pbrun (~1 week): 6x10°s [L£=0.076 pb~"
Estimated yield o[nb] |Flux |IntL[pb'] |¢ Yield x € Results:

e Highyields of J/y for
0 measurement
pW, J/p 42 10° p/s | 0.89 0.136 5'000/year e Yields limited by

acceptance —

PbW, J/yp 1890 108 p/s | 0.076 0.075 10’800/week o
optimization is
pwW, J/ip 0.5 10" p/s | 8.9 0.136 600/year ongoing
W<4.8GeV e Pentaquark search
Pbw, J/ 72 108 p/s | 0.076 0.075 400/week with 10" protons/s in
» JIP prs | U. : wee W 1060/s |
W<4.8GeV 800/year pW and 10°p/s in

PbW: ~2800 events
in 2 years
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Conclusions

First fixed-target experiment with bent crystals at LHC to measure EMDM of charm baryons
e Main physics program is on EMDM of charmed baryons and t lepton
e Phase-0 already approved by LMC and planned for 2025

Extending the physics case to J/yp photoproduction:
e J/y cross-section measurements in wide W range and pentaquark search, with p and Pb beams

o P_search would be more promising if detector acceptance can be increased — under
investigation
o good invariant mass resolution, ~20 MeV, can be achieved
e Paper in collaboration with A. Pilloni is under preparation

Thank you for the attention!
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A bit of history

Initial EDM proposal:

Measurement of charm

baryon EDMMs from spin

precession in bent crystal Test of bent

Double bent crystal setup
proof-of-principle
at CERN SPS by Scandale

using LHCb detector crystal etal
SPS H8 1015 165747 (2021)
2016 Dec 2017 2019 2021
2017 2018 2020
MDM proposal: Charm baryon  Update: Feasibility studies
using bent MDM with bent  Proposal for 2 experimental of fixed-target layouts at Errgtgr;ees:stl?rvevzg:ttgfe
crystals at SPS crystals at LHCb scenarios: LHCb vs dedicated  different LHC points by h b dinol
and LHC, by by Fomin etal experiment Mirarchi et al eharm Laryon €1po’e
Stocchi et al JHEP1708(2017)120 moments by Aiola et al
CERN-SPSC-2016-030 Eur. Phys. J. C77, 828 (2017) EPJC 80, 929 (2020) Phys. Rev. D 103,

072003 (2021)
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Tracker's occupancy

thanks to Sara Cesare
for latest plots

Flux of 10 p/s (minimum bias events), on 2 cm W target
_ 2
Rate = N, /em” /s

Before magnet: <250 MHz/cm? After magnet: <10 MHz/cm?
Rate of layer 0

Rate of layer 4
30

Velo Superpixel = 4x2 pixels

y [mm]

y [mm]

B Maximum Fluence before
" magnet in the region of
beam spot:

~2.2x 10" 1 MeV neq/cm?

rate of hits [MHz/cm 2]
rate of hits [MHz/cm 2]

= for cooling system
design

-20 -15 -10 =5 0 5 10 15 20
X [mm]

=» within VeloPix/TimePix3 allowed maximum rate (600 MHz/cm?)
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Inclusive Vector Meson photoproduction

- Recent results from GlueX with 2270 J/y

E : : = ++‘ N% i jg: —5—1036 GeV <E, < 11.44 GeV
= 1 e bt 3 F \?}:\\ 5928 GeV <E, < 10.36 GeV
= s s SR € [ IR —*820GeV <E,<9.28 GeV
1 i SR & ] A
2 i L
\g *?‘ sl 10
10-1 e l".‘
o — GuX
FTA —#— Cornell 1072 E =
(=== M.L.Dueral.(q,, = 1.0 GeV) F %\\é
; ‘ M.-L.Du et al. (q,, = 1.2 GeV) L T~
102 3 i Al N ) ! Ll C . I L |
8.0 85 9.0 9.5 100 105 11.0 11.5 0 2 4 6 8 120
E [Gev] Phys. Rev. C 108, 025201 "%V

Models based on perturbative QCD and gluon
exchange predict a smooth dependence to E = Our fixed-target experiment at LHC can reach high

_ to access Gluonic (generalized) parton luminosity due to target density + very forward acceptance

distributions (GPD) of proton to have insights
into nature of proton mass Feasibility studies for:

- Jpsi and psi(2S) photoproduction cross-section &
search for pentaquarks
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J/v & y(2S) cross-section measurement

Luminosity:
JIQ/P(2S) cross-section measurement in range

complementary to GlueX, HERA & SLAC L= etarget - P

- HERA: Eur. Phys. J. C 24, 345-360 (2002)
- J/p cross-section: 20 < W < 150 GeV
- (2S) cross-section: 307 events in
40<W<150GeV

9 . NApl
target — T 1
p=19.3 g/cm?
N4 =6.02-10%
l=2cm
M = 184g /mol

Expected yield without acceptance
- F=10°p/s, JL = 0.89 pb™ per year

- J/p cross-section: 13< EY <21 GeV,
5<W<6.5 GeV Jip 42 37'000
- 1200 J/psi
______________________________ P(2S) 0.76 670
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Cross-sections

Cross-section estimates with STARLight MC link

: ) b = Dominant process is incoherent
1. pW interactions. Beam energy = /TeV hoton-p int ti ith phot itted
2. PbW interactions. Beam energy = 7TeV x Z photon-p Interaction, with photon emitte
by target
1. pW:0=42nb, yinrange 3<y<8 2. PbW: 6=1.89 mub, y in range 2<y<6.5

Center-of-mass energy: 4.2<W<30 GeV

10!

109
100 4

10-1 4

N \/

10-3 4

olyp ->J/w p) [nb]
0 [ub]

10~ 4

1074 T T T T T T T T
5 s 10 1 14 16 18 20 50 75 100 125 150 175 20.0 225 25.0
W_py [GeV] W_py [GeV]
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https://starlight.hepforge.org/

