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® Physics studies with the detector full simulation.

® Full-simulation detector studies with the beam-induced
background and latest software developments
(with focus on the tracker).
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Physics studies with

detector full simulation




hadronic calorimeter

¢ 60 layers of 19-mm steel

absorber + plastic
scintillating tiles;

30x30 mm” cell size:
» 75 A,

40 layers of 1.9-mm W
absorber + silicon pad
Sensors;

» 5x5 mm’ cell granularity;

> 22 Xo+ 1A,

muon detectors

» 7-barrel, 6-endcap RPC
layers interleaved in the

magnet’s iron yoke;

30x30 mm? cell size.

M. Casarsa

superconducting solenoid (3.57T)

tracking system

¢ Vertex Detector:

* double-sensor layers
(4 barrel cylinders and
4+4 endcap disks);

* 25x25 um? pixel Si
SEensors.

¢ Inner Tracker:
« 3 barrel layers and
7+7 endcap disks;
* 50 ym x 1 mm macro-
pixel Si sensors.

¢ Outer Tracker:
* 3 barrel layers and
4+4 endcap disks;
* 50 ym x 10 mm micro-
strip Si sensors.

shielding nozzles

¢ Tungsten cones + borated

polyethylene cladding.

® Based on CLIC’s model + the MDI and vertex detector designed by MAP.
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Bl H- ZZ* - pppp @ 1.5 and 3 TeV

@ Study of the channel H » ZZ* - 4u at 1.5 (0.5 ab™) and 3 TeV (1.3 ab™). BA
® Sensitivity to the HZZ coupling.

- v02-06-MC {s=1.5TeV, 500 fb v02-06-MC $=3TeV, 1300 fb
2 1.2 Muon Collider > 10 Muon Collider
:8 " Simulation g E Simulation S=10
E e e S M [ wwor-zow B=0.5
o E T+ = AUV v,
0.8F g | Hweow
- g
0.6 H
0.4 ~+ only signal
BoF -1 signal+BIB
Oiu T I T T B L L1 I S T S 104
50 100 150 200 110 120 130 140
muon p_ [GeV] m,, (GeV)
Muon Collider, channel H — ZZ* — 4
Result Vs=15TeV, L=500b~! || /s =3TeV, L =1300fb!
esults . Adnzz o Agrzz
significance e (%) significance ey (%)
without BIB 3.61 30.09 6.85 15.83
with BIB 3.08 35.75 - -

[A. Zaza, poster at LHCP2021]
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Bl H- pu@3TeV

Preliminary L,=1ab", ys=3TeV TS
3 Sop s ® Prospects for the measurement of
S S 0y X BR(H-uu) at 3 TeV
..% 0:_ .u'.u—a.u'.u.u';u _:
> - H ' — _ . . . .
Y a0k E ® Assuming an integrated luminosity
- - of 1 ab™ and no BIB effects:
20— =
10 - Aoy
: I : o 0%
C L. Lo annd | | | ]

105“'116} ILI‘ISJ I120 125 130135 ‘II4L'IJ”145

m,, [GeV]
® CLIC estimate at 3 TeV with 2 ab™: 26%
Process Sl [Eur. Phys. J. C 73 (2013) 2290].
105 < my, < 145 GeV

ptu~ = Hy,p,, H— ptpu~ 24.2

ptu~ = Huty=, H— utp~ i

ptp~ = ptp v, 636.5

phru™ = ptpmptu 476.4

utp= ot WHW-—bh, W= = pFu,(5,) 1.1

[A. Montella, poster at EPS2021 and talk at Higgs2021]
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'B] Dark SUSY @ 3 TeV

® Search for a massive dark photon produced from neutralino decays in PV
Dark SUSY model: preliminary estimate of signal reconstruction efficiency
in unexplored phase-space

i ;. E
region. 8 ol
_ . < —0.65
® Two search channels with 4 E ir5-
and 8 muons in the final state. 2L .
=
ng o O 125
- O -
100
75— 0.5
0.5910.613 61 0593|
50—
0.69 0.695 0.696 0.617 §=10.45
25— ‘
O0 1(|)0 2(|JO 3(|)0 4(|)0 5(|)0 6(|}0 7(|JO 800 0.4

Neutralino mass (GeV)

m(Hy) = 30 GeV m(Hg) = 50 GeV m(Hy) = 70 GeV

loose tight loose tight loose tight
m(ay) = 1 GeV 34.5% 32.2% 33.0% 30.5% === -
m(ay) = 10 GeV 60.7% 57.1% 69.4% 64.3% 70.7% 65.4%
m(ay) = 20 GeV --- --- 70.2% 62.7% 76.1% 67.2%
m(ay) = 30 GeV - e --- - 73.6% 66.3%

[C. Aime, talk at APS2021 and poster at EPS2021]
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H—- cc@1.5and 3 TeV

) 1 1 BA
® SearchforH —-ccatl.5atl1.5(0.5ab")and 3 TeV (1.3 ab").
® Sensitivity to the Hcc coupling.
gt0 V02-06-MC Vs=1.5TeV, 500 fb
g ‘W —H-ct
% 1o Muon Collider ':'i-ﬁ- & Blep. N. of events
8 i Simulation %t:ﬁ:j&;gg Physics process infthe Higgs re‘gion Absolute efficiency
~ 10 @Drn - H— gg after all selections
€ 107 b T B — 2 lght 2lep(’)
o . B s - 2light 2lep ptps — Hui — ce vi 378 £ 19 0.0849 + 0.0028
i ot
10° :2 " = — ct 2lep 619 + 25 0.0031 + 0.0006
104 §§
] _
10° ul ptp~ — Huo — bbvip 567 + 24 0.0063 £ 0.0008
| H} ptp~ — Huo — gq v 19 + 4 0.0014 £ 0.0004
AR L res P 11
0 50 100 150 200 250 300
M, [GeV]

Vs [Tev] L [fp7'] S B S/VS+B Ac/o AgheelgHece

1.5 500 378 1205 9.5 10.5 % 5.5 %
3.0 1300 1565 4337 20.4 4.9 % 2.6 %
CLIC (350 GeV + 1.4 TeV +3TeV) ~ 2% [P. Mastrapasqua, poster at LHCP2021]
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Gl HH - bbbb @3 TeV

® The HH channel represents a S ol ' H Bkg PD
gateway to the trilinear Higgs 2 ol
. [} —
self-coupling. D o0
® Expected yield at Vs = 3 TeV 80}
with 1.3 ab™ S =65 0
B =561 40—
Ao o
——~30%
HH 0. -0. -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
BDT
Invariant mass of the leading Higgs Invariant mass of the sub-leading Higgs
5 018 T 3 5 MM T T =
< 0.16[ 4 < o2k ik E
0.14E ] 01F .
0‘01-213_ — HH - bbbbvy - 0.08:— _Hi*:’bsb_b"v ]
- — bbbbvv - — bbbbvv
0.08 i : 0.06 |~ -
U,Ufnz— ] 0.04 ]
0.04
0.02 [ E 0.02 -
0- ' ' — 05— - ' - —
0 100 200 300 0 100 200 300
M,,, [GeV] M,,, [GeV]

[L. Buonincontri, talks at APS2021 and EPS2021]
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Detector studies and

software development



BRI Tracker layout

1600
1400
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| x2+y? [mm]

IEIT

L l L
—2000

Vertex detector (VXD)

+ barrel: 4 cylindrical layers
endcaps: 4 + 4 disks

¥ double-layer Si sensors:
25x25 pm?2 pixels
50 pm thick
o, =30ps
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—1000 0

Inner Tracker (IT)

L 4

L 4

barrel: 3 cylindrical layers
endcaps: 7 + 7 disks

Si sensors:

50 um x 1 mm macro-pixels
100 pm thick

0, =60 ps

L l L L L L L
1000 2000

Outer Tracker (OT)

+ barrel: 3 cylindrical layers
endcaps: 4 + 4 disks

+ Si sensors:
50 pm x 10 mm micro-strips
100 pm thick
0, =60 ps
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'BI Muon ROI tracking

PD, TO, TS, FNAL

) Preliminary
® Sample: 10k single prompt muons with = %500 u T singen s BE@ 1.5 Tev
p=10GeV +BIB @ 1.5 TeVW. 3000 snglo

@ Timing + double-layer selection applied. >

2000

@® Tracking performed in a region of interest
(ROI): only hits in a cone around the muon
direction are used (AR = 0.05).

1500

1000

500

I

_ Preliminary _ Preliminary
- F =z F
7 7001 D single u + BIB @ 1.5 TeV i D single p + BIB @ 1.5 TeV
suoi— single u 10° single u
500
400?—
300%—
200%—
100F- //’//, -/// ol / /
q{_L‘IIIE 20 30 40 50 60 70 80

90
o[
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/B Muon tracking efficiency w/ BIB

PD, TO, TS, FNAL

Purity = 0.75 ; number of layers = 4 MuColl_w1 Purity = 0.75 ; number of layers = 4 MuGColl_w1
= B
l%r- ]_— i T
?&WW%**MM*.W%M,%% i ;“
08— 08— ®
06 - 06 -
0al- 04l &
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02— —-8 =30" 02— —~+p=10GeV
L —+f =89° = —+p=100GeV
[}_ 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 [}_IIIIIIII|IIII|IIIIIIIIIlIIII|IIII|IIII|IIII|III
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4 [GeV']

olap /p
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Double-Layer filter

BARREL | ENDCAP

gmg? ; [ Time
i e E | O+ DL ~1 week/event
R I [ + tight DL
@ 10°E
= =

~2 days/event

~2 min/event

0 2 4 (5] 8 10 12 14 16
Layer

@® Loose DL: requires compatiblity with beamspot region within ~10mm;
@ tight DL: assumes knowledge of primary vertex position.

M. Casarsa

Riunione Referee RD_MUCOL - 14 settembre 2021



/MBI CKF tracking with ACTS

_ . . . 0.0010 4 [ Conformal (Marlin) LB L
® Implementation of a Combinatorial Kalman Seed 0 CKF, ) =10, Ny 1 (wjo BIB)
Filter with the ACTS package. — = .2 .

@ Integration into MuonCollSoft.

0.0006 -
@® Tuning and optimization underway. :
_ . . . . 0.0004 4
® Very promising tracking and computational
performance: ~4 min/event with BIB. o]
0.0000 r T T T T T T
25000 50000 75000 100000 125000 150000 175000
Number of Tracks
10 e e Bl an e =
+_.__.—_._ 1.0 A ﬁ++w-‘-,- Sal 5F SRR G e = a0 o o "'—9—‘*"‘? +++-'-
0.8 - ++++ + ++ + + +-H— +
-+ o8 I } + 4 ++-
, 06
= L. 061
0.4 5
0.4 1
0.2 1 + Conformal (Marlin) .
- Seed 0 CKF, y2 <10, N, <1 (W/o BIB) — + Conformal (Marlin)
Seed 0 CKF, x2 <10, Ny =<1 (w/o BIB)
+ Seed 0 CKF, x2 =10, Ny, =1 (w/ BIB)
0.0 I : . ‘ : + Seed 0 CKF, x2 <10, Ny <1 (w/ BIB)
0 3 4 6 8 10 0.0 : ; ; . :
Muon pr [GeV] -1.0 —-0.5 0.0 0.5 1.0

Muon A
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B field

@ Digitizatoin:

» energy deposition fluctuations;
» Lorentz angle effects;

» charge drift and diffusion;

» threshold dispersion;

» FE chip’s noise;

» charge discretization.

Reconstruction:

» pixel clusterization.

M. Casarsa

@® Cluster shape and size handle to reject BIB.

Size (pixels)

Size (pixels)

g single-p
E Example: layer 0+1

R oG ik - . pommrasimred
i AU S L e

i i W i o i M A
20 40 60 80 100 120 140 160
o (deg)

Cluster size in Y direction vs 6 (double-layer #0)

©  Singleu+BIB

e R s R et

: ‘ T e
20 40 60 80 100 120 140 160
0 (deg)

Tight

99.6%
43.7%

Cut Efficiency Loose

Single muon 99.7%
Single muon + BIB 55.2%

PD,
LBL
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NEM ROI reconstruction of jet tracks

_ _ _ _ o Step 3: final jet clustering
Step 1: calorimeter jet reconstruction Step 2: regional tracking in cones (R=0.7) using calorimeter clusters and tracks
with PandoraPFA and kt (R=0.5) defined by the calorimeter jet directions with PandoraPFA and kt (R=0.5)
Jet axis
M* M- > pto g M- > M* M-
Jet axis
c.;? - T T T T ] g 0.6 E_ l I : _E
1E ~ B 055 ‘ =
= a — m = UDOF =
2 E 4= = 4 = - E
3 B —f— ] 2 05F =
o - ] o TE 3
= - . 0.4F =
c 08 = 5 E »—}—- =
5 : —}— ] 2 035 E
= - . = E
. Kz E —_— 3
:5 0.7 = - 0‘35 E
s —t— ; 0.25F g 3
g 0oF £ 02F e =
=2 05 :— | _: 0.15 3 I A G v - R R L R s E
e T e 20 40 60 80 100
20 40 60 80 100

true jet p_[GeV] true jet p_[GeV]
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'BI Muon reconstruction

H-ZZ—>4us =3 TeV

_ QJ — = =
® The muon RPCs, installed in the s 1 e i
e athadinaae
: e -
outermost region of the detector, sl AT e
; L AT e ”+++
are only marginally affected by the A -
1 06; ;'+++
beam-induced background. AN
_'.' -
® Bigger effects in the endcap regions 0_451
closer to the beamline. #
0.2 total detector (4% tracks)
I —e— endcap (4u tracks)
— e barrel (4 tracks) . )
: — = total detector (4l tracks + P resolution <5%)
III\|IIII|\\\\‘H\\‘\\\Illl\\‘IIIIlIIIIlIII\‘\HI
0 100 200 300 400 500 600 700 800 900 1000
p. [GeV]
4073 Single muon 8 <6 <172° Single muon 8 <6 <172° ® T
';‘ F "-;‘ r b= L
o 05F 7 L o L
=3 L &
Ej'—'\ 0.45?7 (/D_\o.oosi ¢ —+ %ooo% MC data
N r N_- r r f
2'— 0ab \Z— i g I _F§=4.48¢0.07
< E <0004j g 800|— M=91.17 =0.03
5 0.35 5 r = L eff. reco. Z = 0.80
03— 0.003- 600
0.25[— - L
e r L
0.2 0.002~ 400~
045 "+ r L
E L e 200}
0.1~ . 0.001— —e— I
0-05;\\\\\\\\\\\\TH\\H L1 :H\\\H’—H‘\—"-"—\’H—‘T)—v—’—v—‘u\\u\lu\ Okllll‘*“llll sl BRI T IR
60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140
P, [GeV] 0[] Muon pair invariant mass (GeV)

PV
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MEM BIB effects on muon detectors

BIB-only Ys = 1.5 TeV p+ beams o s=nMuColl_v1 Only BIB V5 = 1.5 TeV pt beams PV
> 50r : £ mmm 1Ot jn cluster
8 o | : RS cug
O 40 = ROt cllster © 400 in cluster + cu> 10
C — in cluster © mmm in cluster + cut>10 + p >5 GeV
30 5 T
B * G 350
u S =
00 H a 2 300F
= @ C
10 Q c
E . L © 250
0:_ » " < C
: ], = " S 200
~10F /% g B
s £ 150
—20_— L} 3 -
E c C
-30F g 1008
c ; kS .
= :_ —_0 o 50__
40 9=8° 10 c
_.Sog:lllllllII|IIII|IIII|IIIJiIIIIIIIII!IIIIlIIII|IIII O_IIII‘Illlll“Illlll“llllll“lIIII
=50 40 -30 20 -10 0 10 20 30 40 50 0 1 2 3 4 o 6 7
Cell x Layer

BIB particles flux [Hz/em?2] in different regions (bunch crossing time 10 us):

P | | | P @ Higher fluxes of hits from BIB
N 12103 o ot | 1e.102 particles in the endcaps, in
protons " 5102 24108 particular in the region around
photons 6.2 - 10% 1-104 7.2-10° 5 the beamline.

e+ e- 3 3.3-10% 5102 <1

bt - 3 3.7 - 102 1.2 -10% -

pions, kaons <1 70 7108 -

Total = 2kHzfem? = 60kHz/em? =2 MHz/em? = 200 Hz/fem?
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LRI Other on-going activities

® Study of the channels: H — bb, H - WW, dark photon and ALP with a
monophoton signature.

® Reconstruction performance of the secondary vertices and
performance of the b-jet tagging.

® Optimization of the selection time windows for the tracker hits to maximize
the acceptance for slow particles.
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Backup slides



Bl MAP’s vertex detector

® MAP’s VXD geometry:

» the cylindrical layers of the vertex detector barrel are designed
in such a way not to overlap with two BIB hot spots at z = +15 cm
around the interaction region.

3
E‘ ].4 - I T T T T I T T T T I T T T T 1 ' ' ' ' 1 _Xlo E
O - 1 ©
~ PE. b s o 1000 F
> S < 2 VXD layer 3 S < Q ] .
+ 10|32 ] - £ |8 g >
% F |8 5| 800 3
8 :— VXD layer 2 : %
- =600 -5
6 :_ VXD layer 1 :400 a
4 :_ VXD layer O :
2 __ —_200
0 C ] 1 ] 1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 ] _0
20 -10 0 10 20

7 coordinate of BIB particles entering the detector ~ Z [cm]
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/&R Tracker hits from BIB

@® Being the closest detector to the beamline, the tracker is affected the most by
the BIB, which produces a huge number of spurious hits. If not mitigated, it could
severely compromise:

» the detector operations (too many data to be read out);

» the track reconstruction performance (huge combinatorics).

@® A big fraction of BIB particles reaches the detector out of time w.r.t. the
bunch crossing =2 exploit hit timing information.

10°

Background hits overlay in [-360, 480] ps range Vs=1.5TeV Background hits overlay in [-360, 480] ps range Vs=1.5TeV
! ! ! I ! ! ! ! I ! ! ! ! I ! ! ! ! I ! ! ! ! I - 2 : T I T L] L] T I T T T T I T T T T I T T T L] I T T T T I |:
1000 o/ =30 ps Preliminary — <= - Preliminary 3
ST OT — 60 ps . . 7] © B 7]
t P . No time window ] E - . No time window .
800 . - E |
Time window [ -3c, +50,] E Time window [ -3c,, +5¢, ]

Average number of hits / cm?

600 - : ﬂ ’ :

- VXDdisks :_: ITdisks :ig: OT - iy

4008 & P i 51 disks — i I-

) {8 el § o | ~

X =y 51 i 10°E E

200 Pl N — " ]

i [ I ]

G I q_h_l L == I._. I I L L L I L L L L I L L L L I L L L L I L L L L I L L L L I L
0 10 20 30 40 50 0 05 1 1.5 2 25 3

Layer Hit polar angle
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