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Muon force carriers (MFCs)

New bosons coupled to muons

Scal May be a
©.g scalar portal to a dark

g — gS S/Z//l Pseudo-scalar () sector

Vector (e.g. dark photon)
. 2 /.2 4
Axial-vector Vilye ~ 1071

Did we already
observe it??
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Muon force carriers (MFCs)

New light particles coupled to muons

L =g¢Sppu

. Contributes to a,

» But also : in-material production channel (2-to-3 process)
« S decays promptly? Look for decay products

. S effectively stable? Look for missing energy
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Signal production - scalar MFC
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-40% energy resolution from MCS method

Wor

(kinel

Ny (total) ~ Nﬂ ~ 10°

Result

10_1 | T T T 1

| | TARD BaBar -1
/ ----- kinemtic cuts only et e
'f

10—3

gs

Reuven Balkin

]
m 90%

mg = 1 GeV

-4 Brem MFC y
- m m 50% :
5bm m T0% {

0.0 0.2 0.4 0.6 0.8

Ryi

1.0

FASERv
- ] FASER»2

kinemtic cuts+BG veto -”

I T T TTTT

07 llllllllllllllllll
mg = 0.01 GeV .
_L
—2f i
=" i - B
bO% -9 105 TPRPTrY - . (9 —2), 20 preferred
_ 4[Brem. MFCSW i e (g —2), bo excluded
- W [ 0 r ]
—5i m m 70% [ L1 1 | T
o 90% 0.01 0.1 |
/] S

mg [GGV]
11/07/23 FLArE Far Forward Physics working group meeting



15

Results

-40% energy resolution from MCS method
-Reduced signal efficiency from removing edges
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-40% energy resolution from MCS method

-Reduced signal efficiency from removing edges
-Assumed kink location is known (sliding window)
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Results
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(Cuts+veto)

Ebrem

-All BGs except brems are prompt - easier to find

-Emitted photon first propagates and than “decays” via EM shower
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Realistic case
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-All BGs except brems are prompt - easier to find
-Emitted photon first propagates and than “decays” via EM shower
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-Efficiency estimation depends on reliable modeling
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-We conservatively take ¢, = =€

Realistic case
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-Emitted photon first propagates and than “decays” via EM shower

(A,) ~ Xy(sin6,) ~ (4 mm) X 107

(Ayacks) ~ Ptz ~ (4mm) x 1072

-Efficiency estimation depends on reliable modeling
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Results
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« We propose to use FASERr as a muon beam dump to search for new
physics coupled to muons.
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Sumn

« We propose to use FASERr as a muon beam dump to search for new
physics coupled to muons.

. Motivated by (g — 2)ﬂ - but also important as a complementary tree-level
search.

» Minimal BG rejection with kinematic cuts - sensitivity not very promising.

« With improved BG rejection could reach preferred and unexplored
parameter space g¢ S 10~% .

 Plenty of room for optimization: MCS method, sliding window (kink finder),
BG veto strategies i.e. for brem
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Energy measurement

Multiple Coulomb scattering

“Detecting and Studying High-Energy Collider Neutrinos with FASER at the LHC” (1908.02310) varticle trajectory V2
-

il IR | Energy resolution
2 B (romis0s02300)

-*

' 46 % at 200 GeV

N 57 % at 1 TeV
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Bremsstrahlung efficiency

:' 1.2_— - b, ~mu/E
0.100F . 1.0 J_I_|_
0.010: . 0.8 i
LT-J “u*_* § hl i -
a | : - 0.67 -
A, 0.001} e I
— Simulated —L_ 0.4f J_lj N
—4 B scat 7 ;'I". B :
w0t . X7(X5) 0.2f -LI—LI_
| - (9/7) Xy — o : =
P 0.0 T
0 10 20 30 40 50 -5 -4 -3 -2 —1
X, [mm] logy(6-)
Ay
Xscat — Xphys ~ . Xphys
AVV_|_Aemu 0-16

Reuven Balkin 11/07/23 FLArE Far Forward Physics working group meeting



Bremsstrahlung efficiency

Pmiss — / d@f (9) eXp - ( W ) <TtraCk> = chance for the photon to
0

Aw + Ao, ) sin@  (9/7) X | e e e suspiciows

%’_/
:1.11(%.34 ~0.76
brem , max
<T > B Niev SFASER >|<( m.aX) ~ NM e (Rfl < f?la ) < N
traci/ = N AT LrasiER/ Axink .

“suspicious” tracks with sufficient energy loss

=search radius . .
at a similar part of the detector
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Bremsstrahlung efficiency

Pmiss — / d@f (9) eXp - ( W ) <Ttra0k> = chance for the photon to
0

Aw + Ao, /) | sin@ | (9/7) X | oo rex suspiciows

%’_/
:1.11(%.34 ~0.76
brem , max
<’I“ > e NdeVSFASER >|<( m.aX) ~ N,LL ) (sz < fia ) < N
traci/ = N AT LrasiER/ Axink .

“suspicious” tracks with sufficient energy loss

=search radius . .
at a similar part of the detector

Strong dependence on modeling of f(f) at large angles
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