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The Standard Model and beyond

e All SM particles have been discovered so far (apart from
anti-v,)

» Despite some anomalies, no compelling evidence of
new physics found so far

* The Higgs mass points to a

. .
200 Instability

(meta-) stable universe

',:\,;1‘:3

+ The SM could be valid to the =«
Plank scale i : :
» Naturalness only a problem if we " s, 3 %
assume new particles between e ;

theEW and Plank Scales |[|“'='_f"-'-'ﬂ'l.'1'$r-; M, in GeV



What we know we do not know

» Apart from naturalness, we do not understand.:

Barion Asymmetry of the Universe

Dark Matter (indications are for cold, non-barionic)

The pattern of masses and mixings

Inflation

e Limits to masses of new particles being pushed in the
TeV scale by the LHC.

— “protection” against a small Higgs mass getting weaker



ATLAS SUSY Searches* - 95% CL Lower Limits
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LAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: May 2019

ATLAS Preliminary
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The “hidden sector” approach to new physics

*» Maybe new particles have not been yet found not
because they are heavy, but because their coupling
IS very small, or null

e |f an additional term to the Lagrangian is not
Interacting with SM, there could be invisible particles
contributing to dark matter, and no naturalness
ISsues

 However, an interference term between the
Lagrangians would allow a very small coupling:




“Portals”

e |[ndications for a Hidden Sector may come from “ordinary”
particles (SM, SUSY, axions etc.) acting as mediators with

the HS Lagrangian

* The experimental signature is either missing energy or the
appearance of SM particles very far away from its
production, indicating an “oscillation” into the HS (and back)

Models Final states

Neutrino portal, SUSY neutralino T KT pr., " T
Vector, scalar, axion portals, SUSY sgoldstino 7/

Vector, scalar, axion portals, SUSY sgoldstino % n~, KT K

Neutrino portal ,SUSY neutralino, axino v

Ax10mn ]HI-I"I:|| SUSY sgoldstino

ol “\\| Hﬂ||:c|a1i||ch



® JoSlandard Model ponais.
« D =2: Vector portal
. - - o - - - . 1 uv
Kinetic mixing with massive dark/secluded/paraphoton V : - P Fye
< Interaction with ‘'mirror world’ constituting dark matter

« D =2: Higgs portal

+ Mass mixing with dark singlet scalar x : (uy + Ay*)H'H _

- Mass to Higgs boson and right-handed neutrino, and function as inflaton in accordance with Planck and
BICEP measurements

D = 5/2: Neutrino portal
« Mixing with right-handed neutrino N (Heavy Neutral Lepton): YHTNL
- Neutrino oscillation, baryon asymmetry, dark matter

« D =4: Aion portal
« Mixing with Axion Like Particles, pseudo-scalars pNGB, axial vectors : %GWGF". %ﬁﬁrsw , etc
- Solve strong CP problem, Inflaton

+ And possiby higher dimensional operator portals and SUper-SYmmetric portals (light neutralino, ligh
sgoldstino,...)
= SUSY parameter space explored by LHC
< Some of SUSY low-energy parameter space open to complementary searches



e Vector Portal:
(A’ = “hidden photon” )

/ jia%
ek, F

 Higgs Portal:
(H’ ="hidden Higgs")




Fermions get mass via the Yukawa couplings:

—Lyviawa = Yi2QLidDrj + Y4 QridUr; + YiiL1;¢Ep; + h.c.

If we want the same coupling for neutrinos, we need right-handed
(sterile) neutrinos... the most generic Lagrangian is

__ 1 __ ~
— 2\ . HNT. . N\ . v : .
Kinetic term Majorana mass term Yukawa coupling
Seesaw mechanism:
V = (vLi, Nj) —L, = %?Mvp + h.c.
0 MD 2 2
— My L+ /Mg+4M

2
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2
Seesaw formula mp ~ Yio < ¢ > and m, = mTf

e Assuming m, = 0.1eV
o if Y ~ 1 implies M ~ 10'4GeV
o if My ~ 1GeV implies Y, ~ 10~ 7

remember Yi,, ~ 1. and ¥, ~ 10-¢

If we want to explain the smallness of
neutrino masses (in a natural way) the
mass of sterile neutrinos should be at
least at the GeV scale
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DM sterile neutrinos decay subdominantly as Ny — v~ with a branching ration B(N; — ) ~ ﬁ

Excluded by nnn-nhaarvutind_
of dark matter decay line

Interaction strength [Einziiﬁi]
=
5

Phase-space density

Discussion in the community,
not yet clear if this is a “good”
signal, needs confirmation

e — ——— . e — S

Bulbul et al. 2014 (arXiv:1402.2301)

Boyarsky et al. 2014 (arXiv:1402.4119)




If U is too large, N, 5 are in
thermal equilibrium during the
expansion of the Universe

.

@l hierarchy _

I |I||_|J I ||IIE|

il

1 L i | NNy N I1D 'l i L Ll
L mass (GeV)
N

The seesaw limit defines the region
where N, 3 can explain the
observed active neutrino Am?

_/

At My = My, the rate is enhanced
by N = W1 leading to stronger
constraints on U*?

4 ”Ifqtlrenadhfera _

Seesaw

il 1 1 PR A N B o |

10
HNL mass (GeV)

If (N,,N3) < 0.1 s, they cannot
affect the Big Bang nucleosynthesis




ATLAS Simulation
Ys=13TeV,W — uN — upev,
my, = 10 GeV, prompt

my, = 5 GeV, displaced
= 7.5 GeV, displaced
=10 GeV, displaced
m,, = 12.5 GeV, displaced

+




_ _ EWSB, Hierarchy
Where is the new physics? WIMP DM .
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Model-independent experimental considerations

We have to look for very weakly interacting particles:
* Production BR O(1E-10)

 Lifetimes O(km)

« Can travel through ordinary matter

Cosmologically interesting masses O(GeV)
* Produced through decays of mesons
« Can decay to mesons or charged leptons
e Full final-state reconstruction and particle 1D

To have high intensities:
 fixed-target against a beam dump
» followed by a long decay tunnel and a spectrometer at the end



An experiment In practice

Use protons from CERN's SPS: 500 kW is 4x1E13 protons/7 s ->2E20 in 5y

» Slow (ms — 1s) and uniform extraction to reduce detector occupancy and
combinatorics

* HS particles produced by mesons (mainly charm) decays; need to absorb all
SM decay products to minimise BG - heavy material thick target, with wide
pbeam to dilute energy deposition (different from neutrino facility)

Muons cannot be absorbed by target: muon shield, possibly magnetised

Long decay tunnel away from external walls to minimise rescattering of
muons and neutrons close to detector

Vacuum Iin decay tunnel to reduce neutrino interactions

Far-away detector with good PID and resolutions



e

Schematically...

50m

ECAL =mHCAL BBUT B UV

STRAWS B MUON Lsv ITC
maghnet vT detector

Filter

~40-50m"

5mM




The SHIP experiment

Dedicated detector for weakly coupled long-lived

particles, plus tau neutrino and LDM scattering, to
be run at future beam-dump facility at CERN.

The spectrometer is located ~100m

downstream of the target, after a magnetised

muon shield, the scattering and neutrino detector
and a long decay volume

Aim for a 0-BG experiment (2 events — discovery)

scattering
and neutrino
detector

target and
hadron absorber \,




SHIP history

2015 2016 2017 2018

nnnnnnn

2013 Oct: EOI with SHIP@SPS NA =
2014 Jan: Encouraged to produce TP and inter-departmental
task force setup to study feasibility of proposed facility
2015 Apr: TP with ~700 pages by SHiP theorists, experimentalists, and
CERN accelerator, engineering, and safety departments
2016 Jan: Recommendation by CERN SPSC to proceed to 3-year CDS
2016 Apr: CERN management launch of Beyond Collider Physics study group
SHiP experimental facility included under PBC as Beam Dump Facility
2018: EPPSU contribution submitted by SHiP and BDF
2019 Dec: CDS submitted: CERN-SPSC-2019-049 ; SPSC-SR-263
SHIiP Collaboration: 290 authors, 52 Institutes, 17 countries




Status of Beam Dump Facility

3-year Comprehensive Design Study completed by BDF team

In-depth feasibility study with prototypes of key elements
« SPS extraction and proton delivery
Target system and target complex, including remote h

Evaluations of the radiological aspects and safety
First iteration of detailed integration and civil engineer

= Documented in 580-page Yellow Report
- BDF ready for 3-year TDR phase

A few high-lights:

Crystal shadowing of extraction septum wires combined

with improvements of beam dynamics and automated alignment
achieved factor 3-4 less losses in SPS extraction,

validating the SHiP requirements

andling

Underground experimental area, layout of surface buildings for construction/installation and operation

ing studies

Updated realistic schedule and cost, detailed project plan and resources for TDR phase

Experiment

service buﬂdlng Bxperiment

surface hall  Shielding mounds

Target complex

Beam line, target
access and serwce

building

Experiment
underground hall

Target prototype



Current status of the experiment

+ Collaboration completed Comprehensive Design Study, then we expect to
be requested a TDR

 Phase-1 prototypes for all sub-detectors built and tested on a beam in
summer 2018

e From the summer 2019 ECFA newsletter:

- Amongthem, the SPS Beam Dump Facilitywith  the SHIP and
(possibly) the TauFV experiment has been identified as having
unique potential in the worldwide landscape for dark
photon and heavy neutral lepton searches, as well as for third
flavour physics (vt interactions and T rare decays). It is now
mature and ready foran implementation decision pending the
Strategy quidelines.

 Phase-2 prototypes under construction, to be tested on beam in 2019-21.




Target and shielding INST 12(2017)05 P0S011]

heavy target to absorbe 7s before decay R
magnetized hadron stopper: -
immediately separate ;i .

» ideal muon shield configuration
optimised with machine learning -

:.:}_ ,U= rate reduced t‘O ~ 25 kHZ o 2000 4000 eungfcmjsunc- 10000 12000 14000

» 1 spectrum validated with dedicated experiment in 2018

Mobile Shielding

Target complex

Upstream
Concrete Shielding

Above Coil
Shielding

Us1010
Shielding

Magnetic
Coil

Bunker (Cast- ).53%1 '

Iren) Shielding

Collimator

Hadron stopper EI.?:?S?EJ



Magnetisation of hadron stopper

Detailed design study completed by RAL (V. Bayliss, J. Boehm, G. Gilley) through Collaboration Agreeme
CERN

- Optimisation of the magnetic circuit
« Simulated field maps for use in physics simulations and for optimisation of the subsequent free-standing
muon shield
* Hysteresis effects after multiple powering cycles;
* Magnetic forces of the entire magnetized assembly and target shielding

« Stray fields

- Preliminary engineering design compatible with the target complex and radiation environment
* Power requirements
* Thermal management (consideration of water and gas cooling)
+ Technical solution for connections of power cables, cooling, sensors etc.

* Technical solution for the integration of magnetic iron blocks and remote handling of blocks and coils

Side Concrete  Upstream Concrete Shielding
Shielding

Surface contours: B
2.231024€+0

Mobile Shielding

2.000000E+0
Collimator and
Shielding R0
Magnetic Coil A

- Beamline 1.000000E +0
J— 5.000000€- 1

Target Compartment

-
us1010

3. 226410E-4

Shielding Bunker Shielding

Proximity Shielding



Magnetic Shield for SHIP (UK-Russia responsibility)

() about 600 individual modules (one block in the figure is 10
modules)

() total weight of about 10000 tons
{ modules up to 6.5x4 mz2 in size
( about 2000 km of sheet cutting length



Magnet prototypes

e Two 50kg magnet prototypes have been
constructed with different assembly techniques
by UK companies using UK Grain Oriented Steel

e Complementary approach to welding of
laminations

® Target field of ~1.8T with stacking factor >0.95
e Test for loses of magnetic flux around the loop
due to the different types of connections

between laminations

e Awaiting delivery to CERN for testing
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Hidden Sector
decay volume
Spectrometer

- Particle ID

tive: muon shield

+ other sources

* Active muon filter made of

two magnets (B,', =40 Tm to
bend out 350 GeV u beyond the

5 m vacuum vessel aperture)

* 1% part to separate W/ -+ g |

¢ 2" part to bend the
muons further outward

3

—
E
=

0

-2

Clear the p flux to a level inferior to the v-
induced background and not to compromise
the occupancy limit in the v_detector

E-

"‘:g 1"11 =i |l muons

- —+— from open charm
> —— from resonances
(ﬂé —+— from decay

“E"‘ K decays

O S

i 30 GeV
i — =38. mrad

350 GeV . E
o { -~ +28. mrad

= return field

0 10 IE:UI T30 a0 IEIU' I _3(]. - I'llﬂ'l I I:Iﬂlﬂl - JIU - 4If.' - Iﬁll::"I -
> ey > (Y




Hidden Sector
decay volume

Target/
hadron absorbe

Spectrometer
Particle ID

E_i D:- ._"-". -L--.""\..\_

From CERN H4 beam life

Meutrino Target

High@Precision Tr

47

Upper Returm yoke

u flux:
103 p/mm?
in 6 months

/ RPC and drift tubes

|ldentify u coming
from T decays; u
: momentum

i pecsion Tofies - @@surement

ECC berick Compact Emulsion Spectromersr
7.3 3.1 om

Rosscel plaie

OPERA-type modules (emulsion cloud chambers (ECC))
* 1x1m, close to the beam line

* 2 parts: ECC brick and compact spectrometer

1. vinteraction : identified 2. distinguish v_anti-v_:
through detection of ¢ Look at the charge of

production and decay

the t decay products

(contained within a brick

due to short T lifetime)

7



Hidden Sector
decay volume

* Veto tagger located just after

v, detector to tag indirectly

neutral K produced by v and
u interactions in the passive
material of the v_detector

and p entering the vessel
from the front

10°* mbar vacuum needed suppress the
neutrino interactions

Double-wall structure, space
filled with liquid scintillator to
tag background entering from
the sides

Elliptical structure to
avoid the large n flux
deflected horizon-
tally by the u

shield . '

A

10m
tracking detector to

reject residual charged
background in the
5m forward region (K.%,..) 8




ElectromagneticfHadronic Lalorimeter

Spectrometer Timing Detector

Spectromete HS Spectrometer Magnet
Particle 1D -

Hidden Sector
decay volume

Target/
hadron absorbe

v, detector

Retive muon shield

D, -
M
l; H N'E. 1 ;H qq_-""‘-——._

D
S e
-““\}\\ TH =
Ve

U = Nia

Signal reconstruction and
background rejection: warm

magnet (LHCb) with 0.65Tm

bending power; tracker (NA62) with ¢ jqentification, 7° and 1 reconstruction: ECAL
horizontal straws and stereo angle  (shashlik technique, LHCb)

Spectrometer Straw Tracker I\

Veto anti-coincidence from combinatorial : 7t/ separation : hadronic calorimeter (similar
timing detector (50ps resolution) technology as ECAL), muon detector (WLS
fiber bars, MINOS) 9






Target
&
filter

N
v interactions in the

material upstream
L of the HS detector

* Redundant VETO system

* Combinatorial rejected by timing detector

* Impact parameter to the target
* 75% selection efficiency for signal

HS decay volume

After selections:

<0.1bkg/5y



u backscattered to N
the vessel B
Target HS decay volume

&
filter

:{; __________ -

K sweeping field

* Redundant VETO system
* Combinatorial rejected by timing detector
* Impact parameter to the target After selections:

* 75% selection efficiency for signal <0.1 bkg/ 5 Yy




[ Cosmic rays

Target , _ HS decay volume
& —

filter

* Redundant VETO system
* Combinatorial rejected by timing detector
* Impact parameter to the target After selections:

* 75% selection efficiency for signal <0.1 bkg / 5 Yy




Neutrino tomograph

ackeround source Decay modes

v or i+ nucleon — X + K Ky — mev,mpuv, nta~, atn— oV
v or p 4 nucleon — X+ K Kg — a'n%, mwra—
v or j + nucleon — X + A A — pr~

n or p + nucleon — X + Kz, ete  as above

— — p——T T

Background summary: no evidence for any irreducible background
« No events selected in MC = Expected background UL @ 90% CL

Background source Stat. weight Expected background (UL 90% CL)
r-induced

20 < p<4.0GeV/c 14 1.6

4.0 < p < 100 GeV/e 2.5 (0.9

p > 10 GeV/e 3. 0.8
r-induced

2.0< p < 4.0 GeV/e 2.4 1.0

4.0 < p < 10.0 GeV/e 2.8 0.8

p>10 GeV/e 6.8 0.3
Muon inelastic 0.1 4.6
Muon combinatorial <0.1
Cosmies

p < 100 GeV/c 2.0 1.2
p > 100 GeV /e 1600 0.002




@ Visible decays = At least two tracks crossing the spectrometer

e \ CHATNG 0' e NuTeV ==
F _PS191 -
L] \ﬂ_‘\' . =
5 N imi S E
Z = F Preliminary
<] a8w*
§ gk
— 4 F
£ £ .r
" I -0
10
E BAU / Seasaw
| 1 [ B A | L 1 L T | I s ouoos sl i

HNL mass (GeV) HNL mass (GeV)

UZ:UZ:UE ~ 48:1: 1, inverted hierarchy
CHARM J
|

NuTeV
Preliminary

Scenarios for which
baryogenesis was 10*

numerically proven

il i i " |
HNL mass (GeV)

10"

a2
("

HNL coupling to SM U

Sensitivity to HNL

« Ex. Formy =1 GeV with U?=10% and BR(N - um) = 20%, expect ~330 signal events

UZ:UZ:UZ ~52:1:1, inverted hierarchy ~ U2:UZ:UZ ~ 1:16:3.8, normal hierarchy UZ: Ug: UZ ~ 0.061: 1: 4.3, normal hierarchy

BAU / Seesaw

HNL mass (GeV)

:UZ:UZ ~1:11:11, normal hierarchy




Wisibly Decavine A'

| .,_..M"r"ﬁ*i"'w-"wﬁtj.,,,..v«.m.wﬂh'ﬁh-n__

BaBar, NA48/2, PHENIX

SHiP,
bremssirahlung

g above

particles

10°
m g (MeV)

0 o




Updated physics reach

102 Muon coupling domimance: 1U7: UGUg = 0:1:0 w 1o T
. 2 &
-1 1 REDTGP " po‘r nl=+A'y
= 10 10°? e O ) LJ “
—a it il
107 ~H "*?i
: : =N -\_v,-f m DTOR, 107 pat,n — A"y
1079 & ”eor
—6 1 5 = £ ’i\uf‘ %
10 K, % CODEX,3mm! NA64, Sx10Veat~L | % ) 0
7 ., s S
10” SHiP2x10™ pot, DMX, 16 GeV, 10| p, = N
10t - salld: without B, ~ — ——z L ,\\“‘*
- datted: with B li -6 R :
0 B wit {FFH' mit) 11 . Fasgp \ e SHIP, 107 pai
o™ —— ul;.lnm LAZ0N, rap! [ H__‘-__z:la_h. S \ )
[ it FCC-ce i i Vi
I‘}_” iy, ’ L)
'
1!
. 1w
2 w'j
W e |
e e
107 T Sy e L
Wt N\
or® t KLEVER 510" gar— ¥
Ifl"" r BN !
o é_ i o
02
Lig - BEN i | wel
Tigh s
[ I 1 10 1 ,
mg (Ge') iy p (GeV) iy p (GEV)

>

[1504.04956, 1504.04855, 1811.00930, 1901.09966]

from top left: HNL (heavy meson decays), dark photon (decays +
bremsstrahlung + QCD), scalar (K and B decays), ALPs coupled to

fermions, ALPs coupled to photons




m SHiP
mmsm B (vigibla)

mmm B (invisible)

SHP preliminary




Axion portal

@ Axion Like Particles, pseudo-scalars pNGB, axial vectors a
Appear in extended Higgs, SUSY breaking, motivated by coupling with dark sector, possibility of

® Production

® Decays

inflaton, etc

Generically light pseudo-scalars arise in spontaneous breaking of approximate symmetries at a

high mass scale F
= Couplings suppressed by the breaking scale F and masses are light ~A/F?

SM portal through mixing with gauge bosons and fermions

= d.,a —
L =G G*, =y, ysy , etc

Resonant production from Drell-Yan photons
Production from mixing with pions and
heavy meson decays

Decays to ete™, u*u~, hadrons above 1 GeV
Decays to photon pair

m, (GeV)

(0TOZ) 8OOETT'Z8 Q¥d




» Charged current neutrino nucleon scattering

2
neutrino d*o G MyE, Mg (xy? 4 miy (1 Myry  mj
= T : - Yy — —
scattering ._ s dy m LSV B R TON VA YT OE, T aE?

: : \ 2 22 | )2 2
ﬂl‘ltl-l'lElI!:[‘lIlﬂ + (-!‘HH B E] o myy m;ﬂn:; —I;EJ Fy mj '
scattering 2 1E, My AE M5 r Fo, A

Structure functions

» Evaluation of F3
» | | More precise estimation » First evaluation of F4 and Fs, not

» B, T Gl g accessible with lighter neutrinos
3> osite sign for v
* Fs Snpcr anti-vlgn

» F
§ Dependent on the lepton mass.
» Fs Suppressed in case of vy
interactions, becomes relevant
for v interactions



Some tau neutrino numbers

Current status of tau neutrino observations:

DONUT observed 9 events (from charm) with a background of 1.5
OPERA observed 4 events (from oscillations)
No tau antineutrino has been even observed

Ship can increase by 200 the current tau neutrino sample, and discover tau
antineutrinos

Measurement of tau neutrino differential cross-section in CC interactions

Measurement of charm production for muon neutrinos and antineutrino (factor of
100 increase wrt CHORUS)
A good fraction of the old OPERA collaborators are joining SHiP to build the neutrino

sub-detector and analyse its data.



N/1GeV/c/PoT

Beam Counter (51)

SPS Beam
Counters (50)

+y

‘[ +x (Jura)
+z

data
MC inclusive
Charm

Decays to di-muons (PYTHIAS)
Decays to di-muons (GEANT4)

Photon conversion
Positron annihilation

Hadron Absorber

Scintillator planes (S2a,52b) RPC stations 1-5

(from start of
Beam Counter S1)

Drift tube stations T1, T2 Drift tube stations T3, T4

Goliath magnet

hut tails not

data

MC inclusive

Charm

Decays to di-muons (PYTHIAS8)
Decays to di-muons (GEANT4)
Photon conversion

Positron annihilation

N/100MeV/c/PoT

p [GeV/c]




Double Charm production (preliminary)

« Used Emulsion Cloud Chambers to identify charm decay topology

 Pixel + SciFi + drift tubes to measure momentum, RPCs to identify muons

Charm
interactions

-
=
=

{ 1

y,

Multivariate techniques used to suppress background in vertex identification; charm
analysis in emulsions still ongoing.

= MC Interactior b
‘L — MC Interactions
= e —— DATA
10°
——
107 '}_ Entries 9312
e Mean 16.35
%"F:‘;&jﬂ " RMS  9.821
FJ :-.'"ﬁ.’r
' ..|.|.‘i||' il
| | 4 | I |
30 50 6
Multiplicity

s ST
— it .
-
=T
LN B - = —
—— DATA
MC Inte:
& MC Interact
30000 -25000 -20000 —15000 -10000

Entr
ool MC Interact Moar
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600 DATA Entri 82
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-_‘!_-_| AMS 618
I}
wE ]
E +|
300 i
i,
+':—'.|.':|+
M-
E el
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L | el [l o T
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) @LHCZ arXiVv 2002.0

Timing Detector

“"\Emulsion brick

Veto Plane



mailto:SND@LHC

Neutrino (E) Neutrino (E) CC cC
Havour GeV Flux GeV Interactions Interactions
(incident) (interacting) Initial confiz Updated config

150 4.6 x 10 460 62 975
390 5.9 % 1010 710 21 332
420 3.0 x 10° 720 1 18
150 4.0 x 101 480 X 429
390 6.2 % 1010 740 174
360 2.9 x 10° 720 : 7

9.87 x ]_(_]11 a° 1935

Resolution

" =
10" 200 400 600 BOD 1000 1200 1400 1600 1800 2000
E(GeV)



mailto:SND@LHC
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Y=

— pilot-run
— full-run
----- NAB4

M, [MeV/c?]

EN-EL-EIC EN-EL-FC



Conclusions

» LHC Run 2 results geve no positive evidence for new physics
* \We need an alternative approach to a next big brute-force, general-purpose high-energy collider

» Particle physics could reinvent itself in becoming smaller and smarter, designing experiments
that target specific problems (dark matter, neutrinos, etc.)

» A detector like ShiP perfectly fits this philosophy

 \Very positive feedback so far from CERN, we have just submitted a CDR and were a major
player in the Physics Without Colliders initiative as well as in the European Strategy.

 Waiting for experiment approval, already interesting results from muon flux measurement, charm
production, and tau neutrino physics from the proposed SND installation at the LHC
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