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Modification of Sibyll 2.3d to study different versions of muon enhancement

- Rho meson in pion interactions (leading particle effect only) = not seen in FPF
- Baryon pair production (all interactions) — not seen in FPF
- Kaon production (all interactions) — directly seen in FPF

Kaon Eroduction >+ A7 5FASER or Future detector CIHREE C= 5




FASER. detector

RFixEziRz AW R 2 -y
%fiﬁ FASER spectrometer

with 0.57-T magnets
FEEICEWIEDEERE

| g

Interface tracker / R\
Emulsion/tungsten Veto

etector station
Z—a—hkYU /DT L—/\—DRE ceted

Total 1000 emulsion films interleaved with 1-mm-thick tungsten plates

,_ ___________________________________________________

30 cm Muons
vacuum packed module 3 u T __/
10 emulsion films + — i — L4 L ETT
10 tungsten plates Ve == é VM T T — Vi3 4
X 73 AR
EEES Emulsion film Tungsten plate (1 mm thick)
(25 cm x 25 cm)
CERN-FASER-2022-001 on CDS 1] Lepton Lepton
arXiv:1908.02310 s ; DENESS

6



Slide By Jeremy Atkinson at NUFACT2023

e,ulD Vertex reconstruction Track reconstruction Alignment

T decay search
charge ID
etc...

A

|

EEEEEEES
FERIERN/AN

NuFACT 25/08/2023 Jeremy Atkinson, Universitat Bern

~N



. 20224 M2nd module’ &4 (9.5fb 1)
 Film 730D 5 5. 291K D HOERH M ERATFEI
s MESIND AN MK
- EHO/N\ROVHEEERET /L ZERE

1%

Efficiency

o BRLV/\ NOY: EPOS-LHC, QGSJET I1-04, SIBYLL 2.3d,
PYTHIA forward tune
« F+—LJ/\ROY: POWHEG, pQCD Duncertainty = & &
+1.18 +0.51
+1 41 +2.65
%13888: FAséd. , —Data %18883: 7aséd. . —Data
£ 8000k —Fit £ 8000k —Fit
< 000E 0=0.29um| £ 500k 0 =0.30um
6000 6000
5000F 5000F
4000F 4000F
3000F 3000F
2000F 2000F
1000F . . 1000F .
O g 0 0 T E R I T R RN
AX [um] Ay [um]

FASERv detector, 730 films

—
—

- lor this analysis, 291 fil s

—_ ||||||||||ii|||“ll |\|\|\|\|\||\IIHII\I\I\I\I\IHII \ﬂ””\l\l\l\ il \I\I\I\I\'\I\Ill Il ||\|\|H\|\||\||I|H|\|\|\|\|\

— |W ]|

—

=

— H\ L “I\w\luwnl 1

=N i

—

plastic base
(210 pm)
tungsten plate (1.1 mm)
emulsion film emulsmn layers (65 ,um)
>

0_8:_ FASER Simulation _é 0_8:_ FASER Simulation

L _._Ve % i -V u
0.6~ +Ve 0.6 +VM
0.4 ; 0.4f ——
0.2 i + 0.2

0——500 1000 1500 2000 2500 0500 1000 1500 2000 2500

E, [GeV] E, [GeV]



I
particle trajectory Y2 _
\ TS E soop| FASERSImulation oo~ o0 e;/ %Sj
Momentum g [ singlemuonMC.- "z Tz
dependency in the V1 > 0 R -
scattering angle Yo 3000}~
< > < > L
X X i
Coordinate Method 2000 N
L 10
1000
Y il i AN S B CEC LT 1
0 500 1000 1500 2000
ptrue [Gev]
0.0136 [z z z: thickness
gRMS — \/x {1+0.038 In (x 2)} . momentur |
Bpc | Xo of P Resolution: ~20% at 200 GeV

Momentum is estimated by measuring
displacements for every 1 plate, every 2 plates,
every 4 plates, every 8 plates, and every 16
plates and calculating RMS for each case.




~ N\

—_— 7 — épos < 100 um 2000
e _— —  _—— — T T T T | T T T T T T T T T T T T
@\J—E&:\\-’\ ) O 60 < 10 mrad % - .
TS o dmin < 50 um O - FASER Simulation
h Q _ Electrons in v, CC MC

' # of segments

in the cylinder Shower maximum W 41500

depth '

1000

Count the number of segments in +3 films around

the shower maxim (total 7 films) 500/~

The number of backgrounds was estimated and Nl I T
subtracted by counting the number of segments at 0 500 1000 1500 2000
the cylinder randomly opened. E,i, [GEV]

Resolution: ~25% at 200 GeV



AN ER
* 5 or more tracks attached to a vertex

No charged parent track
4 or more tracks with tan, < 0.1

tan @ > 0.005 for muon or EM shower
An EM shower or a track of more than

b

200 GeV
¢ > 90°

L direction

P [GeV]

4000
3000
2000

1000

~ FASER Simulation

" Single muon MC

p__>4000 GeV

N tracks

N

10

10

L -'1 :::-- |- --n: L
1000

1 J--I:--I-=-I -|
1500

2000 |

ptrue [Gev]
%)
_5 os FASER Simulation
o T
m [ Ve
0.6 —I—Ve
0.4 .
; ; !
_. '

1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
500 1000 1500 2000 2500

E, [GeV]

rec [GEV]

W 1500+

10001

2000————

~ FASER Simulation
| Electrons in v, CC MC

50O, s e

[ R R
1000

Il | Il Il
1500

2000

Eun [GEV]

Efficiency
o
o]

0.6
0.4

0.2

. FASER Simulation

- _._'\,M

-V

e

=.=|

1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
500 1000 1500 2000 2500
E, [GeV]



L AN NI DY

Hadron type

n

Events simulated (E;, >200 GeV)
Events selected as v, CC
Events selected as v, CC
Scaling factor (data/MC)

Hadron type

13191
0
11

1/256

n

Events reconstructed (E;, >200 GeV)
Events selected as v, CC

Events selected as v, CC
Scaling factor (data/MC)

5827
0
3
1/569

H R DF

1—AE

TN NP2

e« — 31— Y./ Neutral Current interaction

v, O.OOSJ_r8:8(1)431 (flux) £ 0.001 (cross — section)Jro'OO7 (others)

—0.004

v, O.O45J_r8:88‘51 (flux) £ 0.003 (cross — section)JrO'O76 (others)

—0.024

Total background

. 0.015
V,: 0.0257 010

. +0.09
v, 02275




v, candidates, 1/, candidates
o U fEfH: 41XV K~
. U, fExA: 81> b
WANAZE7 A AWV

. 0.015
. 1,: 0.0257 010

. +0.09
e 1,1 0.227 57

* 10MO0 toysZ k> T.

significancez 5t &

1,020

" Uy 5.7 0




Table 2: Systematic uncertainties related to the signal expectation.

Source Relative uncertainty
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Energy range from simulation

The energy range for opeory Was defined as the energy range
containing 68% of reconstructed neutrinos using the baseline
models, which is 560-1740 GeV and 520-1760 GeV for v, and
Vu, Tespectively.

Number of expected events

Nows = —2° f o(E) §(E) £(E) dA dE,
nucleon
Nexpected = 1.68:1):%2 (ﬂux)fgzgé (others) for v,
Nexpected = 8.641’(1):‘7% (ﬂux)f%g (others) for v,

v,: 0.008+000
v,: 0.045

e i)\ ROV

Hadron type K; n A
Events simulated (E;, >200 GeV) 13497 13191 13902
Events selected as v, CC 0 0 0
Events selected as v, CC 6 11 5
Scaling factor (data/MC) 1/232 1/256  1/423
Hadron type Ks 7 A
Events reconstructed (E, >200 GeV) 7113 5827 5368
Events selected as v, CC 1 0 0
Events selected as v, CC 3 3 4
Scaling factor (data/MC) 1/436  1/569  1/630

e« — 31— K'Y/ Neutral Current interaction

.004

(flux) £ 0.001 (cross — section)
o 00e (flux) + 0.003 (cross — section)

+0.007
—0.004

(others)
070 (others)



Table 2: Systematic uncertainties related to the signal expectation.

Source Relative uncertainty
Ve Vi
L= P(NObsll'l' ) . Luminosity 2.2% 2.2%
Hj G(/\jly" =0,0"=1) Tungsten thickness 1% 1%
Hz‘ P (N Iz;rIC found |n:) ad(ground)G(f ¥ |I"’ =1,0" = 1')a Interactions with emulsions 5% 5%
Flux uncertainty 0% 5%
Line of sight position 1% %
K= Ny, + Zi N, timckgrounds (f Siyst’ n:) ar.kground) ) Efficiency from hadronization 2% %
+NV, §<)Cntamination (’\light hadron: /\cha.rm hadron» ’\g/(s}t. Efficiency from reconstruction  20% 20%
Efficiency from MC statistics  4.9% 2.8%
e edV) = {Ncenter(ﬁcen*;;%%glow)“l (A <0) Total 9% (flux)  *10% (flux)
Neenter( cent;rlcenter upper)IAl (A= 0), ‘_‘;‘1)% (other) fgi% (other)

Ncenter+ANiower | Asyst |
fSYSt ()‘syst) — N Neenter (A < O)
center+ANupper IAsystl (A > 0) ,

N, center

The posterior probability distribution of N, is calculated by integrating Eq. 17.

] background
P (N u) - / L(N vy f ;yst) n; 8o 3 Alight, hadron; Acha.rm hadron, /\syst. )ﬂ'ﬂat

N, expected (/\light, hadron Acharm hadron; Asyst.) = , backeround
Hi df ;yst dni sroun d’\light ha.drond’\cha.rm hadrondAsyst. .

light hadr. light had
f sygst acron (’\SySt- )N e;(gpected on ()‘light hadron)

charm hadr charm had
+f sysatrm acron (’\syst- )N exgg:?;ed on (}‘charm hadron) )
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The @ parameter is measured to be 2.4*1% and 0.9%03 for v,

and v,, respectively. The energy-independent part of the inter-

action cross sections per nucleon, o s/ E,, 1s measured to be
(1.2708) x10738 cm? GeV ™! over the energy range of 560-1740

GeV for v, and (0.5 + 0.2) x10738 cm? GeV~! over the energy

The posterior probability distribution of N, is calculated by integrating Eq. 17.
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