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• https://edms.cern.ch/ui/file/1908776/1.0/LHC-XSEN-EC-0001-1-0.pdf  March 19, 2018. 

• http://arxiv.org/abs/1804.04413 CMS-Note 2018/001 April 12, 2018

• https://edms.cern.ch/ui/file/2022399/1.0/LHC-XSEN-EC-0002-1-0.pdf  September 5, 2018


• https://dx.doi.org/10.1088/1361-6471/ab3f7c  “Physics Potential of an Experiment using LHC 
Neutrinos” (March 5, April 24 2019) N. Beni et al, J. Phys. G: Nucl. Part. Phys. 46 (2019) 115008 

— how big is the flux of neutrinos from the Interaction Point ?  
— can we observe them? how? where? backgrounds?

It acquired weight  during LHC Run2,  
when the luminosity touched 2x1034 /cm2/sec  at IP1 and IP5 

The Physics idea is 30-years old:
A. De Rùjula (CERN), Neutrino Physics At Future Colliders (1984). 
Published in IN *PRAGUE 1984, PROCEEDINGS, TRENDS IN PHYSICS, VOL. 1* 236-245.

A. De Rùjula, R. Ruckl (CERN), Neutrino and muon physics in the collider mode of future accelerators 
CERN-TH-3892/84 (May 1984).    DOI: 10.5170/CERN-1984-010-V-2.571 

A.De Rùjula, E.Fernandez, and J.J.Gòmez-Cadenas,“Neutrino  fluxes at future hadron colliders”, Nucl. Phys. 
B405 (1993) 80–108. !2

https://cds.cern.ch/record/2691399 Letter of Intent , XSEN: a νN Cross Section Measurement using 
High Energy Neutrinos from pp collisions at the LHC, Sep.9, 2019, CERN-LHCC-2019-014 ; LHCC-I-033
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neutrino flux intensity, 
composition and energy depend 
on pseudorapity

our interest is  
on high energy and tau flavor

• 4<η<5  leptonic W decays (33% τ nu) 
• 6.5<η<9 c and b decays (~5% τ nu)

focus on two regions

33% τ nu

~5% τ nu

a detector placed  
some  milliradians  
off the beam axis 
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dN/dE_nu vs eta Noacc

in the very forward direction pseudorapidity and log(E) are linearly 
correlated, dependence smeared by the particle pt distribution 

logE vs η scatter plot of 
neutrinos from c and b 
decays from PYTHIA pp 
interactions at 14 TeV

The chosen η acceptance  suppresses  soft energies 
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The νN cross section grows rapidly with the neutrino energy, linearly from 10 GeV to 
a few hundred GeV. 

The detector can be light, featuring a mass of a few tons.

expected energy spectrum in 
η>6.7  for neutrinos from c 
decays  interacting in a 1 ton 
target 
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The energy spectrum of the observed events will be hard, because the higher 
energy neutrinos have larger interaction cross section. 
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Neutrinos are key to probing the deep structure of matter and the high-energy Universe. Yet, until
recently, their interactions had only been measured at laboratory energies up to about 350 GeV.
An opportunity to measure their interactions at higher energies opened up with the detection of
high-energy neutrinos in IceCube, partially of astrophysical origin. Scattering o↵ matter inside the
Earth a↵ects the distribution of their arrival directions — from this, we extract the neutrino-nucleon
cross section at energies from 18 TeV to 2 PeV, in four energy bins, in spite of uncertainties in the
neutrino flux. Using six years of public IceCube High-Energy Starting Events, we explicitly show
for the first time that the energy dependence of the cross section above 18 TeV agrees with the
predicted softer-than-linear dependence, and rea�rm the absence of new physics that would make
the cross section rise sharply, up to a center-of-mass energy

p
s ⇡ 1 TeV.

Introduction.— Neutrino interactions, though fee-
ble, are important for particle physics and astrophysics.
They provide precise tests of the Standard Model [1–3],
probes of new physics [4–6], and windows to otherwise
veiled regions of the Universe. Yet, at neutrino energies
above 350 GeV there had been no measurement of their
interactions. This changed recently when the IceCube
Collaboration found that the neutrino-nucleon cross sec-
tion from 6.3 to 980 TeV agrees with predictions [7].

Because there is no artificial neutrino beam at a TeV
and above, IceCube used atmospheric and astrophysi-
cal neutrinos, the latter discovered by them up to a few
PeV [26, 31–38]. Refs. [4, 6, 39–42] showed that, because
IceCube neutrinos interact significantly with matter in-
side Earth, their distribution in energy and arrival di-
rection carries information about neutrino-nucleon cross
sections, which, like IceCube [7], we extract.

However, Ref. [7] extracted the cross section in a sin-
gle, wide energy bin, so its energy dependence in that
range remains untested. A significant deviation from the
predicted softer-than-linear dependence could signal the
presence of new physics, so we extract the cross section
in intervals from 18 TeV to 2 PeV. While Ref. [7] used
only events born outside of IceCube we use instead only
events born inside of it, which leads to a better handle
on the neutrino energy.

Figure 1 shows that the cross section that we extract is
compatible with the standard prediction. There is no in-
dication of the sharp rise, at least below 1 PeV, predicted
by some models of new physics [6, 43–51].

Neutrino-nucleon cross section.— Above a few
GeV, neutrino-nucleon interactions are typically deep in-
elastic scatterings (DIS), where the neutrino scatters o↵

⇤ mbustamante@nbi.ku.dk; ORCID: 0000-0001-6923-0865
† connolly@physics.osu.edu; ORCID: 0000-0003-0049-5448
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FIG. 1. Charged-current inclusive neutrino-nucleon cross sec-
tion measurements [8–25]. The new results from this work,
based on 6 years of IceCube HESE showers [26–29], are an
average between cross sections for ⌫ and ⌫̄, assuming equal
astrophysical fluxes of each. In the highest-energy bin, we
only set a lower limit (1� shown). The thick dashed curve is
a standard prediction of deep inelastic scattering (DIS), aver-
aged between ⌫ and ⌫̄. Horizontal thin dashed lines are global
averages from Ref. [30], which do not include the new results.

one of the constituent partons of the nucleon — a quark
or a gluon. In both the charged-current (CC,

( )

⌫ l + N !
l

⌥+X) and neutral-current (NC,
( )

⌫ l+N ! ( )

⌫ l+X) forms
of this interaction, the nucleon N is broken up into par-
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1)  νN cross section measurements, also by 
flavor, in the 0.5-1.5 TeV neutrino energy range, 
unexplored 

3)  measurement of pp-> ν +Χ  cross section  in 7<ην<9 and
neutrino flavour production  ratios. Charm production and gluon PDF in 
a new regime.

Some of the Physics issues that XSEN targets :

2)  collect high energy tau neutrino 
interactions

accelerator data

astrophysical data

Bustamante M., Connolly A., arXiv:1711.11043, Jan. 12, 2019



neutrino fluence from IP (5 or 1) 4

Table 1: Neutrino fluences in 4< |h| <5, < |h| > 6.5, for 3000 fb�1.

4< |h| <5 |h| >6.5
Neutrinos from pp collisions at

p
s=14 TeV with c and b production

neutrino fluence in acceptance /3000 fb�1 3.9 1014 1.7 1014

t neutrino fluence in acceptance /3000 fb�1 2.7 1013 9.3 1012

neutrino average energy (RMS) (GeV) 30(30) 400(350)
Neutrinos from pp collisions at

p
s=14 TeV with W production

neutrino fluence in acceptance /3000 fb�1 1.7 1010 1.1 109

t neutrino fluence in acceptance /3000 fb�1 4.7 109 1.1 108

neutrino average energy (RMS) (GeV) 600(600) 400(400)

3 Very Near (VN) Location
3.1 Geometrical Acceptance

Near the CMS IP, the area surrounding the focusing magnet (Q1) closest to CMS in the LHC
tunnel matches the 4< |h| <5 acceptance. The CMS forward hadronic calorimeter (HF) — 10
nuclear interaction lengths — and the CMS forward shield — composed of steel and borated
concrete, with a total of 26 nuclear interaction lengths — provide an excellent shield against all
particles emerging from the IP, except for muons and neutrinos. Although the triplet of final
focus magnets on both sides of the IP will be rebuilt for HL-LHC, the current geometry was
assumed for calculating an approximate rate of neutrino interactions. A hypothetical cylindri-
cal detector placed at 25 m from the IP, around the Q1 magnet, with inner and outer radii of 35
and 90 cm, could cover the 4< |h| <5 range in most of the azimuthal acceptance (320 deg of
360) and be stretched in length for over 7 meters, up to about 20. The detector is placed at one
side of the IP only, assume the positive z end 4< h <5. The target mass in the detector is taken
to be 4.1 ⇥ 1027 nucleons/cm2, corresponding to about 6 m of lead over 15 m, for a weight of
about 10 ton/m. The LHC beam line elements limit extensions of the target length that may be
needed for increasing the detector mass and the n interaction rate.

3.2 Neutrino Interaction Rate

In the calculation of the neutrino interaction rate, an event by event weight is applied for prop-
erly taking into account the nN interaction cross-section dependence on energy and on neutrino
type [1]. For the Charged Current cross section of t neutrinos on nucleons, we can only refer
to theoretical expectations [15], that take into account the effect of the F4 and F5 structure func-
tions [16]. As an example, the interaction of a muon neutrino of 30 GeV on nucleons has a
cross section of about 20 ⇥10�38 cm2, and a t neutrino of 600 GeV of about 350 ⇥10�38 cm2;
for anti-n the cross section is about a half that of n. Table 2 summarizes the expected neutrino
interactions for 3000 fb�1 of pp collision events, separately for heavy quark production and for
W production.

The bulk of the event sample is from b and c decays, with an energy spectrum quickly decreas-
ing, while leptonic Ws give a small contribution, which is concentrated at very high energies
and becomes dominant for energies above 500 GeV. With respect to the experiment targets:

• high energy nN cross secion: a measurement of the neutrino interaction cross sec-
tion on nucleons at energy above 300 GeV can be perfomed to a few percent accuracy.
Thanks to the leptonic W contribution, the accuracy will remain better than 10% at
E = 1 TeV. In a sample of a hundred neutrino interactions, the charged lepton from

The fluence is large also when Lint =150 /fb as expected in LHC run 3

Winter shutdown 2017/2018, prepare for searching an 
appropriate site in LHC during the 2018 run

Take a first look in Run3 ?  need a low background site
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VN = Q1 of the inner triplet, 22 m from IP 
N = UJ53 hall (120 m from IP) (or UJ57 @90 m) 
F = RR53 hall (237 m from IP) (or RR57) 

chosen sites: 
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TREX and LMC gave green light with a limitation: 
the test detector should not interfere with LHC

use nuclear emulsions interleaved with 
thin layers of lead  as in the OPERA 
“bricks”. 



peak at 20 mrad expected from muons 
coming straight from the IP.   
Tracks populating the peak are ~105 /cm2, 
consistent with predicted muon fluence

what about the 280 mrad peak? 

background of ~107  tracks/cm2 with random directions

Example: measurements in site F

!9

both x and y pointed to the same region 20 
m upstream as source of those charged 
particles. An investigation by the LHC 
machine team confirmed it.



• emulsions proved to stand 107 tracks/cm2 
• however the plate to plate extrapolation is not possible at these rates
• safe limit:  ~105 tracks/cm2 , which means a limit on the 

exposure time depending on the local background rate

Results of the measurements in the three sites 
along the CMS straight section showed that 

• no site was good for hosting a neutrino experiment  

!10

• Good agreement with the LHC machine simulations of the 
CERN FLUKA team in the EN-STI group (F.Cerutti et al.)

Also CERN Radiation Monitors were deployed to complement 
and cross-check emulsions. 



At the same time the FASER colleagues studied a site 480 m from the IP1  
(FASER TP, CERN LHC-2018-036, LHCC-P-013), 

where the prolongation of the beam axis  (Line of Sight) of the ATLAS 
LHC straight section intercepts the cavern of the decommissioned LEP 
injection tunnel TI18 after the beginning of the LHC arc. 
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(VF in the picture)



The site has two advantages,  LHC magnetic bending 
and  100 m of rock, which reduce the backgrounds.

UJ18

RI18

TI18 123456789101112

123456789101112

P5P4P3P2P1

Line of Sight

A

A

100

P1 P2 P3 P4 P5

Line of Sight

- 1
33

- 1
17

- 1
01

- 8
4

- 6
8

- 5
4

- 7
2

- 4
5

- 4
2

- 3
1

- 2
3

- 2
0

- 9 - 5 - 4 0 2

7

7

12

12

11

11

10

10

9

9

8

8

6

6

5

5

4

4

3

3

2

2

1

1

Drainage trench

25275

78226

133172

191115

25156

4
30728126

22186

160144

106199

51251

0298

17/06/2019
Angel Navascues Sc : as indicated

X-SENNOTE 1
Drawing for discussion:
geometries and dimensions are
provided as a guideline only.

FASER Line of Sight coordinates

PLAN VIEW
1:50

SECTION A-A
1:15

SECTION 1-1
1:40

Dimensions in cm
Tolerance for all dimensions ±1cm

NOTE 2

3D Study Smarteam number: ST1028887_01

SECTION 2-2
1:40

SECTION 3-3
1:40

SECTION 4-4
1:40

SECTION 5-5
1:40

SECTION 6-6
1:40

SECTION 7-7
1:40

SECTION 8-8
1:40

SECTION 9-9
1:40

SECTION 10-10
1:40

SECTION 11-11
1:40

SECTION 12-12
1:40

UJ18

RI18

TI18
TI18

SMB-SE-DOP   V0 - 17/06/2019  V0 

TI18 Line of Sight STUDY Plan view 
and Sections

!12

The decommissioned LEP injection tunnels  only exists near IP1.  

FASER has finally chosen to get installed in TI12, similar to TI18 at the 
opposite end of IP1.

The backgrounds are an order of magnitude lower than in the best 
location along the IP5 (CMS) straight section. 
Emulsion exposure for 10-30 /fb is consistent with optimal tracking 
conditions of a few x 105 tracks/cm2

TI18

LHC



The floor in the TI18 cavern slopes up

The beam LoS is under the floor from a minimum of 5 growing in steps up to 50 cm

There is no infrastructure for operating an active detector.
!13
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B2

Nuclear emulsions are an efficient 
detector for reconstructing the 
vertex of tau decays. 
we studied an architecture with two 
independent detectors B2 and B1. 
B2 consists of 108 OPERA bricks, 
B1 168.

centre of beam 
outcoming from IP1

8.0<ηB2<9.2

7.4<ηB1<8.1

Ventilation

B2

Ventilation

Decommissioned lighting
Cables trays Section door

P.Santos Diaz (CERN EN-EA-PE)
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Neutrino flux in B1,B2 
CERN Fluka team of EN-STI  
F. Cerutti , M. Sabatè-Gilarte

— Proton-proton collisions generated 
with DPMJET (FLUKA), which 
describes soft multiparticle 
production, including charm
— pions and Kaons are transported 
through LHC elements and 
environment material up to TI18. 

— Muon neutrinos from pion decays 
pointing towards TI18 are predicted 
to peak at low energies: pions of 
100 GeV have a γcτ of about 5.5 Km; 
therefore most of high energy pions 
interact in the LHC beam pipe or in 
the rock before they can decay. 

Electron neutrinos show the η-logE 
dependence of particles from IP
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(7.4<η<8.1 , Β1 acceptance)

Almost all electron neutrinos do not come from pion/Kaon decay.  
Charm production.

F. Cerutti ,  
M. Sabatè-Gilarte



!17

0 200 400 600 800 1000 1200 1400 1600 1800 2000

510

610

710

810

910

----- muon neutrino
---- electron neutrino

Pythia 

E [GeV]

dN
/dE

 [ f
b/G

eV
 ]
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(and beauty)  production  in pp collision 
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b/c ~ 8% for 𝜈𝜏 
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(7.4<η<8.1 , Β1 acceptance)

Electron neutrinos do not come from pion/Kaon decay.  
Charm production.

DPMJET-Pythia comparison

shows a good agreement 
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F. Cerutti ,  
M. Sabatè-Gilarte
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(7.4<η<8.1 , Β1 acceptance)

In the B1 acceptance high energy neutrinos do not come from pion/Kaon decay. 
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Furthermore, the low energy component will be disfavoured in 
interacting with the detector. 
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Ds 
η=2.3logE-ln(MD-Mτ)+ln2

τ 3-body 
η=2.3logE-ln(Mτ/3)+ln2

τ 2-body 
η=2.3logE-ln(Mτ/2)+ln2
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Summary

• XSEN is a project for exploiting the huge neutrino flux  from LHC collisions, 
with emphasis on TeV neutrinos and tau flavour

Beni, N. et al, “Physics Potential of an Experiment using LHC Neutrinos” , 
J. Phys. G: Nucl. Part. Phys. 46 (2019) 115008

• the flux of high energy neutrinos in the region 7.4 < η < 9.2, dominantly from 
charm decays, can be intercepted  by a compact (a few tons) detector placed 
“off-axis” in the cavern of the TI18 decommissioned tunnel. In LHC Run3, the 
location is suitable for nuclear emulsions, good for tagging taus

Beni, N et al., Letter of Intent , XSEN: a νN Cross Section Measurement 
using High Energy Neutrinos from pp collisions at the LHC, CERN-
LHCC-2019-014 ; LHCC-I-033

• complementary to FASER
• In LHC Run3 with 150 /fb a <3 ton detector can collect up to 2000 high 

energy neutrino interactions and up to 100 tau neutrino events, and explore, 
also by neutrino flavour,   

- the pp-> ν + Χ   , testing very forward charm production
- the νN cross section in the 0.5-1.5 TeV region   



additional
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two independent energy bins
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B1

B1

CERN Fluka team of EN-STI  
F. Cerutti , M. Sabatè-Gilarte


