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= 3 TeV MDI = Machine Learning for Nozzle Optimization
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* FLUKA simulation = Results
= Forward Muon Study = New Nozzles designs
" Goals = Geometries descriptions
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“MAP nozzle design: * MAP design[1] with mixed function FF

1) 10° closest to the IP
) closest to the quadrupoles (Cyan)

2) 5°starting from z = 100 cm
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5 Z BIB simulation with FLUKA
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/1. From muon decay to nozzle area ) " Generated one beam of u™ decays within 55 m from the
Machine dependent Interaction Point
_ " Energy threshold for particles production fixed at
100 keV
" Particles which arrives to the nozzles are scored

.

/2. Nozzle area to detectors \ " Propagationthrough the Nozzles

Nozzle dependend

" Particles who exit the nozzle and enters the detector

_ area are scored

J " ~1.6% of one BIB event (i.e. bunch crossing) considering

N only 1 beam — 4 days per simulation

Pictures from D. Calzolari ﬂ il
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= Why are we interested in forward _
[
? —
; T ~
Allows to distinguish process from Z/W 'x__,,x: X
boson fusion u+ . &\I‘E’r
" Allows precise measure of Higgs boson \ ut
Width [2, 6] Z Boson fusion with forward muon production|3]

= New physics might have forward muons

in the final state [3]
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Forward Muons simulation
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= Considering forward muons fromu*u™ - ZZ + ptu~ - H+ utu~ - Invisible + p*p~

= 5000 samples simulated according their n and E distributions, which were assumed

Particle.Eta {Particle.Status==1&8&fabs(Particle.P1D)==13&&Particle.Eta>0.} Particle.E {Particle.Status==1&&fabs(Particle.PID)==13}
htemp

: Entries 100001 C

- Mean 3.542 30000— htemp

— D 0.8414 C Entries 200000
5000/ Std Dev ~ | Mean 1293

= 25000 | Std Dev 256.1
4000 -

- 20000 —
3000 — C

- 15000[—
2000 10000

0 B | J | | | D C | 1 | ! ! ] | 1 1 1 1 I 1 | | I | | | | 1 | | |
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Particle.Eta Particle.E
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@ Scoring plane
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P Forward Muons simulation

= Muon shot from Interaction Point

= Tagging plane at the end of the

Nozzle
= Muon which goes into the beam B i
Muons from
pipe are not tagged = the Nozzle
* Fraction of muon tagged: 44%
Muons
captured
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C Z Machine Learning approach
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= Parametrize the nozzle response as function of geometrical parameters
= Nozzle response could intend:
" Beam Induced Background total flux in the detector (easy to achieve)
" Hit occupancy in the vertex detector (needs detector reconstruction)
" Photons energy deposit in the ECAL (needs detector reconstruction)

= Several simulation needed, unfeasible with 1.6% of BIB
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= 1200 simulation performed

Towards ML Optimization

= 3 geometrical parameters:

" ¢y € [3.8;10]° > 10 values

" |Zchangel € [50;200] cm

— 15 values

" 1pase € 120;60] cm — 8 values

" 0.02% of 1 bunch crossing

simulated “change

= Due to input settings, the real

94.tan B¢y, )T 60
nozzle aperture is » ® Bnozze = tan™? ( tip) Thase/ ] € [0.7;18]° "
. |Zchange |:_2_ [ﬁi; ;_.

B — T —————




z=-100cm z=-90cm z=-80cm

3000007 R base
500000 - ™ 2{},_[]
400000 1
_— e 257142857143
International 100000 e 31.4285714286
UOM Collider e 37.1428571429
Collabaration 300000 -
300000 - e 428571428571
x 300000 - e 485714285714
e 760000 54.2857142857
| 200000 - 60.0
--- Map-like
As function 100000 | 1000004 100000+
of 0y at
. 0 0 v 0
fixed rand z 006 008 010 012 014 016 006 008 010 012 014 016 006 008 010 012 014 016
Theta_set Theta_set Theta_set
Flux™
u x r_base = 48.5714285714 r_base = 54.2857142857 r_base = 60.0 ThEtEI_ti P
seas | e 0.065
. 350000 -
AS functlon o [ ] D.D??lllllll
. —— e 0.0892222222
of z at fixed 300000 1 1 e 0.1013333333
e 0.1134444444
rand theta i == ey e 0.1255555556
5 — e 0.1376666667
. 200000 AR000T] e 0.1497777778
150000 - » 0.1618888889
100000 0.174
100000 - === Map-like
100000 -
50000
* 50000
Oflux
. . 0 0 0
n egl 18! ble -180 -160 —-140 —120 —-100 —-80 ~—60 -180 -160 -140 -120 -100 -80 —60 -180 -160 -140 —-120 -100 -80 —60
Z change Z change Z_change
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P ML performance
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ML results

= XGBoost regressor trained with 960 samples

40 -

= Test with 240 samples

= Evaluate the difference as: 30 1

counts

A= Fluxtrue _ Fluxpredicted « 100 20 1
Flux e
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M ML performance
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= XGBoost regressor trained with 960 samples
= Test with 240 samples

= Evaluate the difference as:

. Fluxt'rue B Fluxpredicted .

A= 100
Flux e

counts

40 -

30 -+

10

ML results




E; New Nozzle Design: IX
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= Chose after studying the results 4

with low stat. simulations

= Nozzle with "

* Onozzie = 9-2°

" Zchange = 110 cm

i

" Thase = 60 cm

= 2% of one beam simulated

EEEEEEEEEEE——————— .
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= Compared with Map-Like design , , ,
Nozzle geometry compared to the Map-Like design (red line).

with same statistics The Borated Polyethylene shape is due to redefinition of
geometry in FLUKA for technical necessity
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Expected counts per Bunch Crossing
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Particle Distribution
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Mz Design IX
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Occupancy
3.0 1 1
:[ 1 Deslg_n 1X
= Occupancy obtained from T ¥ Map-like
2.5 1 :EI
Simulated Hits in the 13
] {E 2.0
detector without any 5
. o £ 15 1
normalization % 1X1
i % 1.0 A T 21
= Considered Readout gt ”
1y
. : : ¥ .
Window and Time Window o051 5= —
IIII = e
in the subdetectors. 0o 2 = = SO Ny P S U O
= With this design ° 10 20 % % >
= Hits ming Hits = Layer Area * Occupanc
= Much Less occupancy Yoccupancy = LayerArea’assu 'ng = Lay pancy
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Chose after studying the results

with low stat. simulations

Nozzle with
* Onozzie = 6-4°
" Zchange = 110 cm

" Thase = 48 cm

2% of one beam simulated
= Compared with Map-Like design

with same statistics
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Nozzle geometry compared to the Map-Like design (red line).
The Borated Polyethylene shape is due to redefinition of
geometry in FLUKA for technical necessity
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Particle Distribution

New Nozzle Design: X
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Design X

Occupancy
3.0 1 .
. I £ Demg_n)(
= Occupancy obtained from T T Maplike
2.5 :[:[
Simulated Hits in the T
. {E 2.0 - 1]
detector without any E
g
. L. £ 15
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. v 1
= Considered Readout g+ >
Window and Time Window  os{ 5 =
v K Ny ==
in the subdetectors. 0.0 4 e = 2 L L DU SR
= With this design ° 10 20 30 40 50
= Hits ming Hits = Layer Area * Occupanc
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5’“3 Conclusions
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= Machine Learning:
= Variation of the original geometry, no innovative design tested
= Basicinformation obtained: BIB flux = f(Htip,zchange,rbase)
=" Nozzle design:
= Small changes in the geometry leads to significant variation in flux and occupancy

= Next step:
= Collaboration with MODE [3] to apply advanced ML algorithm (ideally like SHIP optimization [4])

= Correlating particles hitting and exiting the nozzle to understand its effect

= Studying a proper region for a forward muons detector
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Muon decay position

BIB per decay position
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ﬂ'm'““ﬂ“a' hadronic calorimeter Dete Cto r tracking system
C

¢ Vertex Detector:

* double-sensor layers
(4 barrel cylinders and

¥ 60 layers of 19-mm steel
absorber + plastic
scintillating tiles;

+ 30330 s coll siver 4+4 endcap disks);
x30 mm?® cell size; * 25x25 um? pixel Si
» 75\, sensors.

¢ Inner Tracker:
» 3 barrel layers and
7+7 endcap disks;
* 50 gm X 1 mm macro-
pixel Si sensors.

¢ 40 layers of 1.9-mm W
absorber + silicon pad

Sensors; ¢ Outer Tracker:

* 3 barrel layers and
4+4 endcap disks;

* 50 pm x 10 mm micro-
strip Si sensors.

¥ 5x5 mm? cell granularity;
7 22 Xo +1 Al'

muon detectors

¥ T7-barrel, 6-endcap RPC
layers interleaved in the
magnet’s iron yoke;

shielding nozzles

¢ Tungsten cones + borated
+ 30x30 mm? cell size. polyethylene cladding.
superconducting solenoid (3.57T)
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Low Statistic simulation

Photon Energy spectra

10° 3 = T Two Step
] ____—""'_""":.__ 1 Pipeline example
108 - = -;E_
| = =
1F e —
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5 =
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R - I
T 10° 3 S T]I__
3 " l
4 ] -JE[II-
10 E "]::
1D3‘§ ]‘l" “'
III| III| T T LI T T T T 1
1074 10-3 1072 1071
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= Two step: 2% of one beam, one
bunch crossing

* Pipeline: 0.025% of one beam,
one bunch crossing

* Pipeline nozzles smaller than

original (aperture =20 cm)

"g = \/#particles




International
LI Collider
Collabaration

Other Observables

® Occupancyin the vertex
detector is dominated by
statistics

" Energyin the ECal not yet
studied.
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Nozzle Design |

= Nozzle with
" Onozzie = 9°
" Tpase = D4 cm

= 0.38% of one beam

simulated

600 -500 ~400 ~300 -200 ~100 0
z(em)

= Compared with Map-Like Nozzle geometry compared to the Map-Like design (red line)

design with same statistics
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Particle Distribution Readout Window Energy spectra
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RW Photon Energy spectra
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. Occupancy
. T } Designl
= Occupancy obtained from o | ¥ Map-ike
Simulated Hits in the T q{
_ 0.5 ——__:[
detector without any <
v 0.4 4
normalization 2 ]f
. ’E’“ 0.3
= Considered Readout g I ﬂ
Window and Time Window  © °2] ﬁ T
in the subdetectors. 0.1 o =
= With this design 0.0 1 S B e T e e
= Less occupancy in the 0 10 20 30 40 50
vertex Ooccupancy = Layelj’i;iea’ assuming Hits = Layer Area * Occupancy

= More in the Tracker
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RW Positron ONLY RW Electron ONLY
. Design X
I DesignIX 105 - I _
T Map Like ] T Map Like
104 1 ﬂ IlH I - T
= ] +- 4L w 104 T
= 1 1 [ lim =) -*I —
= 1 = |
5 i 1 © L ::l.- I
10 FHHIE T { ' : T
i 1AL LI |l TiIME WINDOW APPLIED i
104 102 102 10! 100 07t 107 10 07 1of
E [GeV] E [GeV]

L s J




O Collider
allabaration

Mz Design IX

Occupancy
3.0

[ 'Design X
. Map-like

2.5

2.0

1.5

1.0

Occupancy [hit/em™2]

0.5 A

0.0 1

20 30 40 50




JA

—
v
(=
L=
=]
-,
=
=

International

Design X

RW e+/e- Energy spectra

| Design X
T Map Like

4

|_.'_

LI Collider
Ilabaration
RW Photon Energy spectra
- | Design X
—— T Map Like 5
ﬁ__ 107 1
107 3 P _ ]
108 4 =.?_ -!'.i-;:
— =
= = T L
hy = g 10T
10° § 2 ]
1 e 5
r =
=]
104 4 :
TIME WINDOW APPLIED
1 |
1074 103 102 101 100 1074
E [GeV]
e —— T

103

T T — 1 T rrrry
102
E [GeV]

101

10°

J



LOM Collider
allabaration

Mz Design X

Occupancy
3.0

[ Design X
. Map-like

2.5

2.0

1.5

1.0

Occupancy [hit/cm™2]

0.5 A

0.0 1

30 40 50




	Diapositiva 1
	Diapositiva 2: Outline
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9: Machine Learning approach
	Diapositiva 10: Towards ML Optimization
	Diapositiva 11: Flux* 
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14: New Nozzle Design: IX
	Diapositiva 15: New Nozzle Design: IX
	Diapositiva 16: Design IX
	Diapositiva 17: New Nozzle Design: X
	Diapositiva 18: New Nozzle Design: X
	Diapositiva 19: Design X
	Diapositiva 20: Conclusions
	Diapositiva 21
	Diapositiva 22: References
	Diapositiva 23
	Diapositiva 24: Muon decay position
	Diapositiva 25: Detector
	Diapositiva 26: Low Statistic simulation
	Diapositiva 27
	Diapositiva 28: Design I
	Diapositiva 29: Design I
	Diapositiva 30: Design I
	Diapositiva 31: Design I
	Diapositiva 32: Design I
	Diapositiva 33: Design IX
	Diapositiva 34: Design IX
	Diapositiva 35: Design IX
	Diapositiva 36: Design X
	Diapositiva 37: Design X

