
Mike Albrow (Fermilab)
With important contributions from LHC staff:

Francesco Cerutti, Marta Sabate Gilarte, and Vincent Baglin

NEW PHYSICS AT THE LHC 
Are we looking in the wrong direction?

Let’s look FORWARD to it!

A new subsystem for CMS Run 4 (HL-LHC)
84 – 125m downstream of IR-5 
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Forward Multiparticle Spectrometer at LHC

An idea being developed: not an official CMS project –
Presented in Forward Physics meetings and e.g.  in EXO-LLP CMS subgroup
Interested in participating: Deniz Cerci, Salim Cerci (Adiyaman University) & others …



A new subsystem for CMS Run 4 + (HL-LHC)
84 – 125m downstream of IR-5 

Two operational modes:

A) Charged and neutral TeV hadron production spectra
in p + p, p + O, O + O low pileup short runs.
Read out with full CMS detectors 

35 Tm spectrometer magnet D1 (will be) already there!

B) Search for new light long-lived decaying neutrals
in p + p at high luminosity (LLPs or WILPs)
Independent trigger & data stream

Steel absorber and 35 Tm sweeping magnet D1 (will be) already there!
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Forward Multiparticle Spectrometer FMS for LHC

SMP-HAD 03.20
Guaranteed physics in
unexpored phase space

EXO – LLP 03.27
BSM discovery 
potential

THIS MEETING
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Beyond Standard Model Physics at LHC
We know there must be new physics : dark matter at least, maybe portals to “dark side”

Searches at high pT – shortest distances & highest masses – new particles not yet found

“Look elsewhere!”
Maybe new BSM particles are light (< few GeV) but weakly interacting (LLPs, WILPs)
Most produced light particles have low pT and large pz : go along the beam pipes.

LHCP 2020 Summaries of CMS/LLP searches show:
Mass regions Mmed > 20 GeV c.𝜏 < ~ 10 m being covered (CMS and ATLAS central)
FMS is complement: Mass region < ~10 GeV and  𝛾.c.𝜏 > ~ 10 m – several km covered

Search at high luminosity for new particles e.g. dark photons, ALPs, … 
Mostly penetrating ~ 50m steel before entering > 20m decay volume – Vacuum!

FASER etc. similar goals but many differences. FMS closer, bigger, larger θ
Fixed Target experiments similar goals but much lower √s – low mass range

If these discover LLPs before Run 4 – FMS can study them
If not, then FMS has discovery potential – to be quantified.



Density of charged pions in pT, xF. 
Most have pT < 1 GeV/c &|η| > 7 
– no measurements at LHC yet
Several event generators for cosmic ray showers
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Feyman xF = pz/pBEAM
700 GeV

Light LLPs from π, η
decay go where pions go
η = 7 is 1.8 mrad

Particles with M < few GeV also mostly have pT < few Gev/c – & go forward

H.Menjo

Big central
detectors
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Separation dipole D1
150 mm aperture, 
35 Tm integrated field
OD ~ 40 cm

IR5, 
IR1

RUN 4 – HL LHC 

Thanks G. Apollinari

~46m bare pipe (now)

~21.5 m Fe ~6.25m Fe

BEAMS

Integral steel to 81m (back of D1) (Thanks F.Cerutti):

31.9m = 190 λINT @ R = 10cm (some path in beam vacuum)

53.7m = 320 @ R = 15cm except 45o holes: 220 λINT

50.3m = 300 λINT @ R = 20cm (smaller multipole correctors)

TA
X

N

0
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TOP VIEW

D1 to TAXN in Run 4 as now planned : Vincent Baglin

Propose a larger beam pipe R = 40cm to 116m



Pipe region as currently planned for Run 4
TOP VIEW
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80m 120m

-30cm

+30cm

New superconducting 
Dipole 35 Tm

p

p

Propose:  new pipe with radius ~ 30-40 cm, length >~ 20 m
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Primary particles from collisions, through Q1-3 & D1 magnet apertures, all momenta
IR5 (Vertical crossing ½ angle 250 μrad)  - L = 5 x 1034 cm-1s-1

Conversion: from /100 fb-1 to /140 BX, x 140/(8x1015)
So green 1011

 1.75 x 10-3/cm2/BX & white regions swept clear – no neutral paths.
Use zones above & below (~ 50% coverage) for LLP search. Backgrounds from interactions

POSITIVE PARTICLES NEGATIVE PARTICLES

More protons but
similar x,y distbn.



FMS - UP

FHS
IP-5

Large pipe cross section
and back window area.
Transition at z ~ 116m

Outgoing beam pipe
(Split inside TAXN)

FRONT VIEW

NEUTRALS

NEUTRALS

+ve-ve

Z = 84-95m
Depending on … 

Z = 116m

20cm

130m

10cm

Absorber path

Big pipe radius R = 30 - 40 cm
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FMS - DOWN

~ 10 m 

~30 (– 40) cm

SIDE VIEW
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Fe absorber toroid
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Coverage through steel absorbers
Approximation: Zero crossing angle

R = 30 cm @ 116 m, η = 6.65
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Schematic Layout : To be optimised with simulations

NOT TO SCALE

Cold Diodes Integration

94m – 126m
Available space

TAXN

As for HGCAL Run 4



B

Fe cylinder (E.g. AISI 1010 ~0.1%C)

Rinner ~ 10cm. Router ~ 30+ cm  Area 0.25 m2

Length ~ 3m = ~ 18 λINT

Top and bottom halves separate.
(Each half weighs ~ 3T if L = 3m)

TOP Half

BOTTOM Half

COIL: Water-cooled Cu
Field in Fe B  = 1.9T  at inner radius
& 1.7T at outer radius with 5 kA/coil

Field on beams small 

COIL: Water-cooled Cu

Magnetised Fe Toroids around “small” beam pipe
At front as deflecting absorber, at back with muon track chambers

FRONT CYLINDER @ z ~ 84m or as close as poss.

Behind separation dipole D1 and Diode
BACK CYLINDER @ z ~ 124m Muon tracking

Plates separated with detector layers (GEMs?)

100 GeV Muons bend in 3m @ 2T = 18 mrad
& Mult. Scatt. θRMS ~ 2 mrad

B

Hodoscope and ~ 1m  tracker mounted on back of front toroid, before decay volume

Vladimir Kashikhin 
(Fermilab) thanks!

Flux density



Back end of large FMS beam pipe ideas

40 cm

11.4 cm

80 cm

Pipe walls can be thick.
NEG liners, but maintain clear aperture
inside large e.g.  Rinner > 30 cm

NEG Liners

Internal wire grid if needed for 
impedance reasons,  wires from A – B
covering as small a fraction of azimuth
area as possible?

B

A

End window E - as thin as possible to minimise 
multiple scattering, but can have strengthening ribs
or other supports, over small fraction of area.
1 mm of steel should be OK
“Although challenging, seems feasible” (Vincent Baglin)

E

Outer pipe radius as 
small as possible.
Assuming R = 12 cm now

FMS tracking

FMS tracking

NEG Liner

NEG Liner

10 stainless steel stiffeners 
5 mm diameter at R = 25.7 cm

Rigid connection between 
external and internal tube

NEG liner, ~ 8 cm thick

Mult scatt θo = 2.9x10-5 at 100 GeV/c & 1/p
Tracking 𝜎(θ) = 1.5x10-5 if 𝜎x,y = 20μm/2m
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Assume h = π, but if hadron ID needed use transition radiation detectors TRD
could be considered but need several m for good K/π in TeV region.
(e.g. if X c c )

At back of big pipe, over R ~ 10 cm – 30 cm:
Detectors over 10 m in front of TAXN at 127 m:
Thin vacuum window (minimise mult.scatt.)
Precision tracking (pixels and/or strips) over ~ 2 - 3 m (θx and θy to few μrad)
Timing (~ 20 ps) to constrain track pairs (e.g. LGAD)
High granularity EM calorimeter (e+e- and 𝛾 𝛾)
Imaging hadron calorimeter: hadron E measurement and muon filter
Muon tracking behind calorimeter (e.g. GEMs) in Fe toroid magnet

TAXN behind shields the back

DETECTORS: Same techniques as CMS-HL-LHC Forward detectors
But much smaller overall dimensions – 0.125m2  (0.25m2 full ϕ)

Independent trigger and data stream – no need to combine with central detector at high PU
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M(X  μ+ μ- ) in vacuum past D1
p(μ) from bend (dE/dx check)

Total signal of μ-track through Calorimeter
Several possible μ-tracking technologies (GEMs)
0.12 m2 x N  layers
Note: shielded by TAXN at back

Vladimir Kashikhin (Fermilab)

Incoming muon rate (FLUKA) in UP & DOWN
quadrants ~ 0.06/bunch crossing
with 140 interactions/BX

B

B
Coils ~ 5 kA

ROUT = 30 cm

RIN = 10 cm

B(inner) = 1.7T
B(outer) = 1.9T

100 GeV Muons bend in 3m @ 2T = 18 mrad
& Mult. Scatt. θRMS ~ 2 mrad
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0.1

0.01

100 200 400 5003000
Lifetime 𝛾c𝜏 (m)

F = Fraction decaying
in length of decay volume
in angular acceptance.

(Does not include flux factor
or azimuthal coverage)

FASER (Run 3/4) is a short decay volume far away : maximum decay fraction = 1.2%    (Δφ = 2 π)
FMS (Run 4) is bigger volume closer: maximum decay fraction 7.2% - 12% from 84m  (Δφ ~ π)

F

Fraction of particles entering decay volume that decay vs. 𝛾c𝜏

FMS (84m-116m)

FMS (95m-116m)

FASER' (145m-150m) 

1.0% at 2 km
0.4% at 5 km
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Potentially* search for highly penetrating X0 decaying in vacuum to: 

𝛾𝛾 (no tracks - or conversion - to high granularity EM calorimeter)

e+e- if M(X) > 2 MeV    (track pair and high granularity EM calorimeter)

e±μ∓ if M(X) > 108 MeV (Muon through calo & muon chambers) not from 𝜏+𝜏-

μ+μ- if M(X) > 212 MeV (Muon pair through calo & muon chambers)

𝜏+𝜏- if M(X) > 3600 MeV (non-pointing e+e- or μ+μ- or e ± μ∓ or e/μ + hhh ?)

cc if M(X) > ~ 4000 MeV  (== e+e- charm factory event boosted to TeV!)

OR?? Not decaying but interacting in calorimeter (very good imaging!) ??

* All need proper study with simulation & realistic set-up and backgrounds.
INVITATION to participate!



X0
 𝛾 + 𝛾 ?  Axion-like particles

As for π0 decay, the opening angle θ𝛾𝛾 (or ⍺) has a minimum θ𝛾𝛾 (min)  = 2 MX/EX

and a maximum opening angle 180o . 
For an isotropic decay the distribution in ⍺ is:

… which peaks at θ𝛾𝛾 (min)  - equal energy photons - and vanishes at 180o (one is backwards)

X0 𝛾

𝛾
⍺

L

dmin

Some values, e.g.:
MX(GeV)    EX(GeV)     θ𝛾𝛾 (min) mrad

2                1000         4            = mm/m
2                2000         2
5                1000.        10
5                2000         5
10              1000         20
10              2000         10

With 2-EM shower resolving d few mm
and distances L ~ 3 – 20m looks OK,
including mass MX reconstruction.

Critical issue probably shower pointing:
- vertex resolution and X0 trajectory.

Simulation two 80 GeV parallel 
photons separated by about 
30mm. 
From CMS-TDR-019 Fig 5.1



X0
 𝜏 + 𝜏 ?

M(𝜏) = 1776.86 MeV M(X) > ~ 3600 MeV
Main decays:  μ ν ν  & e ν ν each about 0.175 so μ μ, e e 3% each, e μ = 6%
Non-pointing because neutrinos missing.
BR (h ν)  = 0.115 (mostly π). 
BR (h + ≥ 1 neutrals) 37%
BR (h h h + ≥ 0 neutrals - 3 prong) 15%

e, μ, h

e, μ, h

e, μ, h

h
h

h

X0
 c + c ?

Consider e+e- events above open charm threshold √s > 2 x M(D0) = 3730 MeV
Boosted to high pz (acceptance?) and decay in pipe 

Need simulation, but in principle detectable in ~ 20m vacuum pipe

Precision vertexing from
tracking is critical, esp. z



X0
 Jet + Jet?

1 m  10 m – 1000 m+

60 cm

> ~ 20 m

LHC VACUUM

OR EVEN?? Not decaying but interacting unusually in calorimeter?

CMS Central
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Studies to do:

Physics case Simulate sensitivity to LLIs as fn (M, ε2 / 𝜏, 𝜎)  …  including 𝜏+ 𝜏-, c-cbar? (LHC > SPS-FT)

Simulate beam line, magnets as absorbers etc.

Assemble a possible configuration of Run 4 detectors as spectrometer elements

Simulate vertexing (x, y, z) from track pairs (or 4?)  in tracker, resolutions

Opportunity for participation and also leadership!

Time is critical for LS3 (2026-7) planning – mainly vacuum pipe – still just in time! 

High Lumi neutral mode: important discovery (or further study!) potential for LLP
(Low PU charged mode : many valuable measurements in unexplored region
Including charm, 4 - 6 TeV D0

 K π )

SUMMARY: Developing Forward Multiparticle Spectrometer for CMS Run 4+
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Thank you

Back Up 
(Both sides or no big pipe)



From LHCP 2020 Summaries of CMS LLP/Mediator searches

FMS

FMS

Mass regions Mmed > 20 GeV &
c.𝜏 < ~ 10 m covered (CMS central)

FMS is complement:
Mass region < 20 GeV and 

c.𝜏 > ~ 10 m – few km covered



IP-5

80m
116m

20cm

130m

10cm

Extra Fe absorber
+ Deflect muons

FMS-LLP Both sides? Or without Big Pipe?
Existing absorbers Q1 – Q3 & D1. + Fe (3m ~ 18 λINT) 
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10 m

SIDE VIEW
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~20 cm
Helium bag option
- Vacuum always better!

Helium bag option

TRACKING CALORIMETER MUONS

+ TIMING  Pre-sh EM+HAD

DETECTORS

DETECTORS

ROUT = 30cm

RIN = 10cm

> 30m

TA
X

N

FRONT VIEW
AREA ~ 0.1 m2

If almost no background events (?) a few makes a discovery [cf Z (6 events)]
What backgrounds make a pointing-back vertex in this large fiducial volume?


