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1902.10229

- CERN-LPCC-2018-04
Higgs at HL-LHC
The ngh LuminOSity N ek A N S HL-LHC projection 3000 fb~!
f LHC ” E 1L ATLAS Preliminary 5 FUaL T B S i
€ra o Wi _ £ Projection from Run 2 data ..Z: - global (95% cL)
dramaticall y expand &b [ Vs=14TeV, 3000 fb” W direct search (95% CL)
h h . h f ¢ 107! = SM Higgs boson E kinematic (95% CL)
L e p y SICS reac or ) ‘ . B width (off-shell, 68% CL)
H IggS ph)/S'CS o :_ ,b _: U 2 width (int., 95% CL)
= - C’ o Leptons Quarks Bl cxclusive (95% CL)
« 2-5% precision S v v [ v ][« - 30 x 107
for many of the e, e b E
H o lo E 5 Force carriers Higgs boson E 3.0 x 102
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g&:; | R e E N 50 < 102
« BUT much larger ] : L4 10
uncertainties on RIS — }- + --------------------- wt
Zy and charm %P -
0.9 _
and ~50% on the 0.85 Lt sl ] i . 2.9 x 10°
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https://cds.cern.ch/record/2651134/files/1902.10229.pdf
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Higgs at HL-LHC

The High Luminosity 2
era of LHC will

J 1 ] SRR
ATLAS Preliminary
Projection from Run 2 data

HL-LHC projection 3000 fb™"

\"

or Vi,
—

global (95% CL)

.
.
— .
A )

=
LN

dramatical Iy expan d &> is=14 TSeI\\A/’I-:I;'OOO [)b_1 - direct search (95% CL)
th h " h f 40t T 1995 DOson = kinematic (95% CL)

e p ySICS NEeC ! ; . B width (off-shell, 68% CL)
H |gg5 phy S1CS. i _ » _ 2 width (int., 95% CL)

I exclusive (95% CL)

Light Yukawa out of reachin |, ;
by the LHC environment!

« 2-5% precision
for many of the

—

S

N |
q_||1|| |‘,|||||||| ||||||||| ||||||||| ||||||u| ]
E " g
1 A Y

9
@

Higgs couplings " 9] 1 H] " 3510
- BUTmuch larger £ .} T p—
uncertainties on S — } + ..................... -
Zy and charm “osp -
and ~50% on the 008:_ L 2.9 % 10
self-coupling o | ° ° 07100107 10°G0F _10P 10° 107
Particle mass [GeV] projected coupling limit

SLAL ECFAWorkshop- October 11, 2024 3
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The Energy Frontier 2021 Snowmass Report

Higgs ate™e’
e ('
< [ e /H is dominant at 250
? 10° GeV
@ » Above 500 GeV:
7 mE « Hvv dominates
f + ttH opens up
‘E E e HH accessible with
: P ZHH
107 ZHH
1072 . —
0 1000 2000
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https://arxiv.org/abs/2211.11084

Higgs ate™e’

The Energy Frontier 2021 Snowmass Report

K) [fb]

100 -

10 -

Ax/x_SM [%]
—

st i

Mtot)

® HL-LHC

" ILC/C3-250 + HL-LHC
¥ ILC/C3-500 + HL-LHC
B ILC/C3-1000 + HL-LHC
® CEPC240 + HL-LHC

B CEPC360 + HL-LHC

W CLIC 380 + HL-LHC

B CLIC 3TeV + HL-LHC

" FCC-ee + HL-LHC

B FCC-hh + FCC-ee/FCC-eh
® 1(125) + HL-LHC

® u(10TeV) + HL-LHC

0.1 -
hZZ
0.01 -
K_hXX
107 ZHH
10—2 | | L | 1 |
0 2000
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Goal is to reach sub-percent precision for

Higgs couplings — improve by 1 order of
magnitude w.r.t HL-LHC



https://arxiv.org/abs/2211.11084

1811.00017

o 1908.11376
Beyond EFT, is there more? 210104119
Higgs to strange coupling is an appealing signature for probing new Physics
Is the Higgs the source for all flavor?
| | I - : 4200
0.5 SEV 2HDM, cos(8 — a) = 0.1
An option, Spontaneous Flavor Violation (SFV) y v ao08 11376, 20T oaite y
' ' | ; SM Higgs {50
New physics can couple in a strongly flavor . 5 Measure;nenﬁ‘%}sgo i1y
dependent way if it is aligned in the down-type ¢ o B Flavor Bounds ' I -
quark or up-type quark sectors = . st - >
: .. : (140 b7 o i = b2
|t allows for large couplings of additional Higgs 10— e W M- S
. =% i i i .5
to strange/light quarks 0.0l |  w/ s-tagging e P ; | )
= W . | |
» No flavor-changing neutral currents 0.005 2 > .
5 L ldeclig?
0002 2| | | BEAGNEE
100 200 300 500 1000 1500 2000
My (Ge\/)

----------- iminsnpans e ~ —(sh§ h2
\HI —}> A2(s 5)

P. Meade
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s-tagging

2101.04119
2203.07535

strange tagging is a challenging but not impossible task for detectors at e*e colliders

u, d

ECFA Workshop- October 11, 2024

b,c, and s jets contain at least one strange hadron

Strange quarks mostly hadronize to prompt kaons which
carry a large fraction of the jet momentum

Strange hadron reconstruction:
- K*PID

. KOL PF (neutral) Distinctive two-prong
. KOS — ' (~70%) / n°n® (~30%)|  vertices topology

« N°— prt (~65%)

Jet flavour Number of secondary vertices Number of strange hadrons

(excluding V's) (e-g., K*, K} /5, and A°)
Bottom 2 >1
Charm 1 >1
Strange 0 >1
Light 0 0




2101.04119
Ss-t3 ggi N g 2203.07535

strange tagging is a challenging but not impossible task for detectors at e*e colliders

U, d S » b,c, and s jets contain at least one strange hadron
: - K . Strange quarks mostly hadronize to prompt kaons which
WY, carry a large fraction of the jet momentum
\ A  Stranoe hadron reconstriiction:

Particle ID is crucial for strange-tagging, however we have

to evaluate it in parallel to other Higgs benchmarks! Distinctive two-prong
e.g. a dedicated PID device in front of the calorimeter could )| vertices topology

compromise other physics measurements

K Jet flavour Number of secondary vertices Number of strange hadrons
(excluding V's) (e-g., K*, K} /5, and A°)
Bottom 2 >1
Charm 1 >1
Strange 0 >1
Light 0 0

SLAL ECFAWorkshop- October 11, 2024



Towards a flexible framework for detector studies

Determining the physics impact of detector choices is paramount for detector design

. The goal of this effort is to systematically study different detector/sub-detector options starting from
the impact on jet identification and progressing eventually towards the impact on Higgs couplings.
. Compare different detector concepts (SiD and IDEA) with FastSim
. Compare FastSim against FullSim

A(detector)
End-product:

. A versatile framework, building on existing tools, critical for R&D exploration
Answer how detector variations impact precision on Higgs couplings.

This effort is complementary and synergistic with existing ones. It’s important to
approach this problem from different angles

A(O higgs
coupling)

SLAL  ECFAWorkshop- October 11,2024



Detectors at future e*e” colliders arXiv:2003.01116

Stringent detector requirements from ZH reconstruction

Detector designs at e*e” colliders are converging to very similar
strategies

e Strong magnetic field 2-5 T

—®— Toy MC Data
— Signal+Background

Signal

e (Ultra) low material budget tracker (<0.3% XO per layer) \ SETRI Background
* (lose to the interaction region (10-25 mm)
 High granularity calorimetry

e Particle Flow reconstruction — plays a big part in many
designs

e'+e - u'u + X @ 250 GeV

| 110 120 130 140 150
| Recoil Mass (GeV/c?)

~H—X

IDEA e

SLAL  ECFAWorkshop- October 11,2024 10


https://arxiv.org/abs/2003.01116

Detectors at future e"e™ colliders

CV.USFCC WS @MIT

Focus on SiD concept
for ILC and IDEA
concept for FCC-ee for
this study.

. SiD: all silicon vtx
and tracker, sampling
ECAL and HCAL, 5T
B-field

. IDEA: silicon vtx,
DCH + Si wrapper,
DRO calorimeter, 2 T
B-field — PID with
dN/dx, TOF, supreme
JER

1l A

oi~e ECFAWorkshop- October 11, 2024

ILD SID IDEA CLD ALLEGRO
Vertex Inner Radius (cm) 1.6 1.4 1.2 1.2 1.2
Tracker technology TPC+Silicon Silicon Si+Drift Chamber Si Si+Drift Chamber
Outer Tracker Radius (m) 1.77 1.22 2 3.3 2
ECal thickness 24 Xo 26 Xo Dual RO 22 Xo 22 Xo
HCal thickness 5.9 Ao 4.5 Ao 7 Ao 6.5 Ao 9.5 Ao
HCal Outer Radius (m) 3.3 2.5 4.5 3.5 4.5
Solenoid field (T) 3.5 5 2 2 2
Solenoid length (m) 7.9 6.1 6 7.4 6
Solenoid Radius (m) 3.4 2.6 2.1 4 2.7
E
% SiD IDEA
17% 3% _ 0.2%
ECAL ® 1% — D ® 0.5%
; 307 57
HCAL " @ 9.4% ® — ® 1%
VE | VETETT
ILC TDR 2003.00333

11


https://indico.mit.edu/event/876/contributions/2694/attachments/1039/1721/MIT-workshop-Detector.pdf
https://linearcollider.org/technical-design-report/
https://arxiv.org/abs/2008.00338

Strange tagging performance

PRD 101 056019 (2020)

EP) C 82 646 (2022)

IDEA-like detector and Particle cloud graph neural network (fast sim)

o Both TOF and dN/dx (3¢ < 30 GeV) included as inputs
o No PID to PID with dN/dx — at fixed mistag, efficiency doubles

FCC-ee Simulation (IDEA)

FCC-ee Simulation (IDEA)

—r

2 1IE R = g T T T ] 7
§ | TeTEMATI stagging 8 [ e E
0 B j=u,d,s,c,b,g 0O & j=U,d,S,C,b,g %
O - | O r ; :
Q_- 10—1 E— .......................................................................................... Q_' 10—1 o= -
O - T SVB9 O u .
D - —svsud DN - s 5 .
E p— ) = e / ~ staggingvs.ud -
2, , —svisb o [ // : 1
10— E_ ........................ ORI W . . ; sosOOnn. WU, WOUNNG Wi _E 10—2 E— "—nOPID ........................ ?
- : : — dNidx :
B . i —— dN/dx + to.f (0,230 ps) |
- ‘ - “—— dN/dx + t.o.f (5,=3 ps) -
_3 w4 | 9 s | . s 1@ & s 0 e om s _ / : § i---- ideal PID:
Ll 0.2 0.4 0.6 0.8 1 | e
- A B O 0 02 04 06 _ 08 1
Jet tagging efriciency jet tagging efficiency
WP Eff (s) Mistag (g) Mistag (ud) Mistag (c) Mistag (b)
Loose 90% 20% 40% 10% 1%
Medium 80% 9% 20% 6% 0.4%

SLAL Caterina Vernieri - ECFA Workshop- October 11, 2023
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https://arxiv.org/abs/1902.08570
https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

Analysis pipeline for jet flavor tagging studies

1. Sample generation: . Preprocessing:
pic € 2. Fast simulation: 3 P g

Whizard 3.1.4 + Pythiab e Jet Clustering on PFCandidates

* Delph ith edm4h tput
/(—VV)H(—uu/dd/cc/ss/bb/gg) e. = V\,/I ecmahep outpu and tree flattening using
using k4SimDelphes

1.5M events (3M jets) per flavor FCCAnalyses

N

N~

4. ParticleNet training:
Using the weaver framework

5. Infererce

fast simulation

e Within ECCAnalyses

Use 1.8M jets/per fl ith
>€ JEB/PEr TAVOT W] e Using 1.2M jets/flavor O FCCAnalyses

80%/20% train-val split

< weaver-core

SLAE ECFAWorkshop- October 11,2024 13


https://github.com/delphes/delphes
https://github.com/key4hep/k4SimDelphes
https://github.com/HEP-FCC/FCCAnalyses
https://github.com/hqucms/weaver-core
https://github.com/HEP-FCC/FCCAnalyses

Analysis pipeline for jet flavor tagging studies

1. Sample generation: 3. Preprocessing:

2. Fast simulation:

 Whizard 3.1.4 + Pythia6 L8 | | __ siD_o02 vo4 C (Delphes) | * Jet Clustering on PFCandidates
e /(—VV)H(—uu/dd/cc/ss/bb/g - = b vs g (WZ-Pythia (PNet)) and tree flattening using
. = [ vs q (WZ-Pythia (PNet))
e 1.5M events (3M jets) per fla > — b vs ¢ (WZ-Pythia (PNet)) | FCCAnalyses
= 12 == P VS S (WZ-Pythia (PNet))
2
e .
Q .
4. ParticleNet training: % DELPHES NEVAHEP
, fast simulation T\~
e Using the weaver framework
e Use 1.8M jets/per flavor with 10 T o 07 oe o9 1o FCCAnaIyses
80%/20% train-val split jet tagging efficiency C

< weaver-core

SLAL ECFAWorkshop- October 11, 2024 14


https://github.com/delphes/delphes
https://github.com/key4hep/k4SimDelphes
https://github.com/HEP-FCC/FCCAnalyses
https://github.com/hqucms/weaver-core
https://github.com/HEP-FCC/FCCAnalyses

Benchmarking our results

Eur. Phys. J. C 82,646 (2022) : Jet Flavour Tagging for Future Colliders with Fast Simulation

100 IDEA (Delphes)

— ) vs g (WZ-Pythia (PNet)
= P vs q (WZ-Pythia (PNet)
| [y vs C (WZ-Pythia (PNet)

- vs S (WZ-Pythia (PNet)

-
-
e

jet misid. probability
S
I

0.0 0.2 0.4 0.6 0.8 1.0
jet tagging efficiency

Our results

SLAL  ECFAWorkshop- October 11,2024

> 1
3
(qV]
O
O
Q -1
r 10
[
-
[
1072
1073

FCC-ee Simulation (IDEA)

- ee >ZH Ho)j ébtagginé

- j=ud,s,cbg

E._. ....... — bvsg ..................................................................................................

- —Dbvsud

- =—buvsc

- _
| | | | | I | | | I | | l | | |

0 0.2 04 0.6 0.8 1

jet tagging efficiency
Eur. Phys. |. C 82, 646 (2022)
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https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1
https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

Benchmarking our results

Eur. Phys. J. C 82,646 (2022) : Jet Flavour Tagging for Future Colliders with Fast Simulation

IDEA (Delphes) FCC-ee Simulation (IDEA)

ol * ] > T . .
| =P vs g (WZ-Pythia (PNet)) — E ZH H i o
= P vs q (WZ-Pythia (PNet)) 'c% i ° _e_ﬁ - - b taggmg
> | [ vs ¢ (WZ-Pythia (PNet)) 'g _ =5 d s, ¢, b, g 5 5
= Lo-1| — bVs's (WZ-Pythia (PNet) il a : :
S Following the above analysis pipeline and the IDEA
N Delphes card, we are able to reproduce the published
T
- results for the IDEA detector concept!
= E
e ]
] = :
I i
10_3 , : : | 10—3 | | | | ! | | | | | | | 1 l 1 1 |
0.0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1
jet tagging efficiency jet tagging efficiency
Our results Eur. Phys. |. C 82, 646 (2022)

SLAE ECFAWorkshop- October 11,2024 16


https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1
https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1
https://github.com/delphes/delphes/blob/master/cards/delphes_card_IDEA.tcl
https://github.com/delphes/delphes/blob/master/cards/delphes_card_IDEA.tcl

Jet flavor tagging for SID using Particle Net

SiD 02 v04 C (Delphes)

. Existing Delphes card for SiD, based on ILC TDR 100 . | |
performance: https://dsid.hepforge.org/ (~9 years old). - = s vs g (WZ-Pythia (PNet))
—— S VS g (WZ-Pythia (PNe
> — S VS C (WZ-PythierTPNet))
. We wrote a new Delphes card to include newer E Lg-1l T S VS b (WSPythia (PNet))
developments in Delphes, such as the TrackCovariance, E:
ClusterCounting modules, assuming same tracking g_
performance as for IDEA. We call this the -
SiD_o02_v04_C scenario. é’ 102
1]
. We also consider a modified scenario for SiD, with the S-faooin
resolution of the ECAL and the HCAL matching that of 10-3 . . , lgg &
the IDEA dual calorimeter — SiD 02 v04 D scenario. 0.0 0.2 04 0.6 0.8 1.0
jet tagging efficiency
WP Eff (s) | Mistag (g) | Mistag (q) | Mistag (c) | Mistag (b)
Loose 90% 45% 5% 12% 1.3%
Medium 80% 27 % 55% 8% 0.7%
17
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https://dsid.hepforge.org/
https://github.com/delphes/delphes/blob/master/modules/TrackCovariance.cc
https://github.com/delphes/delphes/blob/master/modules/ClusterCounting.cc

Comparison of different detector configurations

Two configurations for SiD detector concept vs IDEA

. Improvement in b-tagging driven by 100 . Simulation (Delphes)
calorimeter resolution — better = 5ID_02_v04_C b-taooin
reconstruction of PF Objects | == {UEA -laggimg

. Some gain also from PID, especially £ =" pID_02 v04 D
for b vs c. 2 101

©
Ko — ) VS Q
. : : o ) VS Q
For b-tagging, vertexing/tracking =1 vk
performance drives the discrimination = bk
")
power, with added gains coming from € 1074¢
the ability to accurately reconstruct p |
neutrals in the calorimeters | — =l Fany /7!
/‘/”’ . / e l
‘/‘ ”’ / / /,
10—3 ‘ - - 1 l. / P l
0.3 0.4 0.5 0.6 0.7 0.8 9 1.0

jet tagging efficiency

SLAE ECFAWorkshop- October 11,2024 18



Comparison of different detector configurations

Two configurations for SiD detector concept vs IDEA

. Significant gains in strange vs udg and s-tagging

b discrimination from PID. 100, | | Simulation (Delphes)
* |[mproved calorimeter resolution only | = SiD_02_v04_C

brings marginal gain B

> = SiD 02 V04 D
SiD_02_vo4._C (_D) £ O
e —1
WP Eff (s) |Mistag (g)| Mistag (g) | Mistag (c) | Mistag (b) §1O
Loose | 90% |45 (42)% | 75(75)% | 12 (9% | 1.3 (1.1)% g_ :
Medium| 80% |27 (24)% | 55(55)% | 8(6)% | 0.7 (0.6)% | 4
[
= 10_2 -
IDEA - :
Q

Mistag | Mistag | Mistag | Mistag

WP RS e | ) (b)

Loose 90% 21 % 41% 7.5% 0.6% v s ’

Medium | 80% | 13% | 27% 5% | 0.3% 0.0 0.2 0.4 0.6 0.8 1.0

jet tagging efficiency

SLAE ECFAWorkshop- October 11,2024 19



Comparison of different detector configurations

Impact on jet-flavor tagging

Jet flavor tagging and particle flow by DNN with

®* We have built a framework to evaluate and compare jet flavor ILD full simulation
tagging performance of different detector concepts
e P pts on an equal 1z soumu s

Q@ Amphi Roussy

® Further work is needed for the SiD concept to evaluate:
* how tagging performance includes when adding dedicated PID
deteCtO r (e . g . R I C H ) 2 Dr Taikan Suehara (ICEPP, The University of Tokyo)
* how that would affect the assumed performance of other https://indico.in2p3.fr/event/32629/contributions/142206/
detector components

Transformer-based Jet Flavor Tagging in Full

Simulation for CLD at FCC-ee

* |mportant caveat in these studies: relying on fast-simulation!
® We need to benchmark our results against realistic, full-simulation 9 0ct 2024, 15:35

— in the process of implementing PNet in SiD full simulation. ?fﬁ?m Roussy
e Very important work presented in this workshop in that

direction for other detector concepts
® However, we should be careful to make apples-to-apples . Sara Aumillr recriclunersyofMonih (1)

comparison (make sure Delphes description — key4geo versions https://indico.in2p3.fr/event/32629/contributions/142548/
match, same input features for the training, same NN architecture!)

SLAL  ECFAWorkshop- October 11,2024 20


https://indico.in2p3.fr/event/32629/contributions/142206/
https://indico.in2p3.fr/event/32629/contributions/142548/

Conclusions and next steps

e \We have provided a first evaluation of the jet flavour tagging performance for two
configurations of the SiD concept using Particle Net and introducing new Delphes card for
SiD.

e We used IDEA to benchmark and validate our results.

o As expected, s-tagging significantly benefits from PID capabilities.

e Moving forward, we are planning to:
e study how Delphes results compare apples-to-apples with full simulation.
e evaluate various subdetector performance and contribution to tagging
e cvaluate the complementarity in momentum reach of charged hadron ID from dN/dx,

dE/dx, ToF

SLAL ECFAWorkshop- October 11,2024
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Benchmarking PNet Performance for IDEA detector concept

b-tagging

100 IDEA (Delphes)

| = vs g (WZ-Pythia (PNet)

PNet)
PNet)

: — [ vs c (WZ-Pythia
- vs s (WZ-Pythia

_ (
= VS q (WZ-Pythia (PNet)
(
(

)
)
)
)

-
-
e

jet misid. probability
S
I

0.0 0.2 0.4 0.6 0.8 1.0
jet tagging efficiency

Our results

SLAL  ECFAWorkshop- October 11,2024

> 1
3
(qV]
O
O
Q. —1
r 10
[
-
[
1072
1073

FCC-ee Simulation (IDEA)

- e »ZH Ho)j ébtagginé
- j=u/d,s,c,b,g
E.__. ....... — bvsg ..................................................................................................
- —Dbvsud
- =—buvsc
| | | | | | | | | I | | ! | | |
0 0.2 04 0.6 0.8 1

jet tagging efficiency
Eur. Phys. |. C 82, 646 (2022)


https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

Benchmarking PNet Performance for IDEA detector concept

c-tagging

100

IDEA (Delphes)

| = C VS g (WZ-Pyt
_ c vs q (WZ-Pyt
| m—C VS b (WZ-Pyt

-
-
2

jet misid. probability
S
I

1073

nia (
nia (

nia (

c vs s (WZ-Pythia (PNet))

PNet))
PNet))

PNet))

0.2

0.4

0.6 0.8 1.0

jet tagging efficiency
Our results
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jet misid. probability
S

—
=
N

1073

I R

I IIIIIIII

o' >ZH,H—jj

.............................................................................................................................

FCC-ee Simulation (IDEA)
| | | | I | | | l | | | | | | |

: c tagginé
j=U,(J!,S,C,b,g

| PSR e O o Y N

oo | Illllll

o

06 08 1
jet tagging efficiency

Eur. Phys. J. C 82,646 (2022)
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https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

Benchmarking PNet Performance for IDEA detector concept

s-tagging
100 IDEA (Delphes)
— 5 VS q (WZ-Pythia (PNet)) E 1
= 5 VS g (WZ-Pythia (PNet)) .'cau
ey | =5 VS C (WZ-Pythia (PNet)) S
= - | = e
3 10-11 s vs b (WZ-Pythia (PN £ .
8 .10
[ O
. D
B &
: 5
L —
£ 107 102
. I
2
10_3 1 1 : ! 10—3
0.0 0.2 0.4 0.6 0.8 1.0

jet tagging efficiency
Our results
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FCC-ee Simulation (IDEA)

: I | I I | | | l | l ‘
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https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

Benchmarking PNet Performance for IDEA detector concept
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https://github.com/delphes/delphes/blob/master/cards/delphes_card_IDEA.tcl
https://github.com/delphes/delphes/blob/master/cards/delphes_card_IDEA.tcl
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Comparison of different detector configurations

Two configurations for SiD detector concept vs IDEA

. Improvement in b-tagging driven by 100 . Simulation (Delphes)
calorimeter resolution — better = 5ID_02 v04_C b-ta00i
reconstruction of PF Objects == IDEA -1dgging

. Some gain also from PID, especially E === bID_02 v04 D
for b vs c. '.rEu 10-1 4
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Comparison of different detector configurations

Two configurations for SiD detector concept vs IDEA

. Improvement in c-tagging driven
by calorimeter resolution — better
reconstruction of PF Objects

. Some gain also from PID,
especially for c vs b.

SLAL ECFAWorkshop- October 11, 2024
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Comparison of different detector configurations

Two configurations for SiD detector concept vs IDEA

. Significant gains in strange vs udg 100, . , Simulation (Delphes)
and b discrimination from PID. = S5ID_02_v04_C
* Improved calorimeter resolution - —=— IDEA
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Comparison of different detector configurations

Two configurations for SiD detector concept vs IDEA

. Improvement in gluon-tagging 100, . , Simulation (Delphes)
driven almost exclusively by PID = 5ID_02_v04_C :
capabilities L == 1UEA g-tagging

* Small effect of improved E == 51D o2 v04 D
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PRD 101056019 (2020)

Particle cloud represented as a graph = f2620(2022)

Jet representation: Particle cloud i.e. unordered set of particles
Network architecture: Graph Neural Networks

Particles: vertices of graph; interactions b/w particles: edges of graph
Hierarchical learning approach: local — global structures

|dentify h
“neighboring”
‘ particles 6

\ > -
P ‘/ S
( \
- ‘ ) . d
u
particles g bb
O(20) features/particle Future: 5
add LLP, split gluon class ...

L. Gouskos
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https://arxiv.org/abs/1902.08570
https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

Particle Net input features

. Use relative kinematics of PFOs with
respect to the jet

. Use track displacement related
information: impact parameters and
significance, track parameters and their
covariance matrix

. Use ID-related variables, including charge,
TOF mass and cluster-counting

Caterina Vernieri - ECFA Workshop- October 11, 2023

Variable Description
Kinematics
log Econst/Ejet  log of the relative energy of the jet constituent with respect to the jet energy
. polar angle of the constituent with respect to the jet momentum
Prel azimuthal angle of the constituent with respect to the jet momentum
Displacement
do transverse impact parameter of the track
20 longitudinal impact parameter of the track
SIP>p signed 2D 1impact parameter of the track
SIPyp/oap signed 2D impact parameter significance of the track
SIPs3p signed 3D 1impact parameter of the track
SIP3p/osp signed 3D impact parameter significance of the track
dsp distance between p.c.a. of constituents tracks and jet axis
Cis covariance matrix of the track parameters
Identification
q electric charge of the particle
Mt.o.f mass calculated from time-of-flight
dN/dzx number of primary ionisation clusters along track
1sMu if the particle 1s identified as a muon
1sEl if the particle is identified as an electron
1sGamma if the particle 1s identified as a photon
1sChargedHad if the particle is identified as a charged hadron
1sNeutralHad if the particle is identified as a neutral hadron

https://cds.cem.ch/record/2825441/files/CERN _Report.pdf



https://cds.cern.ch/record/2825441/files/CERN_Report.pdf

arXiv:2203.0762
L. Gouskos @FCC week

Analysis strategy to target H — ss

Exploit Z boson reconstruction in the ZH associated mode

o At 250 GeV the total Zh cross section can be extracted

independently of the Higgs boson'’s detailed properties by S 503_ AETE ﬁHz(bs)
counting events with an identified Z boson 2 M IlH&SZ’)
g 40 I Hoten)
e Looking atOor 2 leptons Z decay modes

-
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~
~
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20
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https://indico.cern.ch/event/1202105/contributions/5396831/attachments/2661284/4610390/lg_fccee_higgscouplings.pdf
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Constraints on s-coupling

arXiv:2203.0/53

L. Gous_gos @FCC week

Compatible results for both FCC and ILC like analyses

e |LD combined limit of K, < 6.74 at 95% CL with 900/fb at 250 GeV (i.e. half dataset)

« No PID worsen the results by 8%

o FCCfor Z(vv)only sets a limit of K, < 1.3 at 95% CL with 5/ab at 250 GeV and 2 IPs

FCCAnalyses: FCC-ee Simulation (Delphes)

= A R LR R PN LN RN AT AR AR IRV RRR.
O} i IDEA, e*e — Z(vv)H()))
S 10 F Vs=2400GeV, L=5ab" *
e 1012 —— Hss B ww
£ 10 —— Hbb B ZZ

10" ——Hgg B HWW

10° —— Hrt B HZZ

10° p,, <20GeV ;[cos(6,,)/<0.85 B qgH

10’

10°

10°

10*

10°

10°

10

1 -

107 & s

0 180 200 220 240
M. (GeV)

0 20 40 60 80 100 120 140 16

ECFA Workshop- October 11, 2024

1.2

1.0 1

0.8 1

0.4 -

.25

ILD Preliminary, L = 900 fb~!

95% CL, upper limit: 6.74
Vs =250 GeV. P(e",e") = (—80%, +30%)

Expected CL,
B +10 expected CL,

+20 expected CL,
— a=0.05

BR(H — ss) =2 x10™

-------
L]
......
u
L}
~
L]
L
.
L
.
.

‘e
a4
------

0.0

ey
| 1 I

2 4 § 8 10 12 14
Tested POI, &,

37


https://arxiv.org/pdf/2203.07535.pdf
https://arxiv.org/pdf/2203.07535.pdf
https://indico.cern.ch/event/1202105/contributions/5396831/attachments/2661284/4610390/lg_fccee_higgscouplings.pdf

1912.04601
e2019-900045-4

Particle ID for s-tagging

Combining different strategies for optimal PID performance across a wide p_range

o dE/dx from silicon (< 5 GeV) and large gaseous tracking detectors (< 30 GeV)
o <5GeV,time-of-flight (i.e. 100 ps from ECAL)
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Particle ID for s-tagging

Combining different strategies for optimal PID performance across a wide p_range
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ATLAS Twiki

e/11 separation with TR+dE/dx

The HT fractionis defined as the fraction of hits on track
that exceed the high threshold (6-7 KeV)

3 O = | BN ERRE | N EERE I T 1T 12 0 G2 I T T T | lllllll
e/11 separation via detection of transition E .39 - =
radiation photons g 0.3 ATLAS Preliminary -
Transition radiation is emitted when a highly o - Data 2010 Ng =7 TeV) s
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factor y > 103 traverses boundaries between = 0.2 - " Data, e~ from Z =
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-128/
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Lesson learned and moving forward

arXiv:2203.07/535
L. Gouskos @FCC week

Use H — ss to inform detector design, while monitoring other benchmarks’ performance

« Neutral Hadron energy resolution
o dE/dx and dN/dx: powerful PID essential for H-strange coupling

o Timing resolution to be further investigated but less critical for s-tagging
« RICH for improved reconstruction of K*- at high momentum (< 30 GeV)

loss in precision (%)
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https://indico.cern.ch/event/1202105/contributions/5396831/attachments/2661284/4610390/lg_fccee_higgscouplings.pdf
https://arxiv.org/pdf/2203.07535.pdf

Detector benchmarks at e+e- colliders

The goal of measuring Higgs properties with sub-% precision translates into ambitious detector
requirements

Initial state | Physics goal Detector Requirement

ete hZZ sub-% Tracker 0y, /P7=0.2% for pr < 100 GeV
apT/p% =2-107°/ GeV for pr > 100 GeV

Calorimeter | 4% particle flow jet resolution
EM cells 0.5%0.5 cm?, HAD cells 1x1 cm?

EM og/E = 10%/VE & 1%
shower timing resolution 10 ps

hbb/hce Tracker ore = 5@ 15(psin 0%)“1um
Spum single hit resolution

T : s hdvnn| .
® Requirements driven by Higgs-specific benchmarks

e Technological advances can open new opportunities and additional physics benchmarks (i.e. H—ss) can add
more stringent requirements

SLAL ECFAWorkshop- October 11,2024



Detector parameters

SiD

Barrel Technology Inner radius Outer radius z extent
Vertex detector | Silicon pixels 1.4 6.0 +/- 6.25
Tracker Silicon strips 21.7 122.1 +/- 152.2
ECAL Silicon pixels-W 126.5 1409 +/- 176.5
HCAL RPC-steel 141.7 249.3 +/- 301.8
Solenoid 5 Tesla SC 259.1 339.2 +/- 298.3
Flux return Scintillator-steel 340.2 604.2 +/- 303.3
Endcap Technology Inner z Outer z Outer radius
Vertex detector | Silicon pixels 7.5 83.4 16.6
Tracker Silicon strips 70 164.3 125.5
ECAL Silicon pixel-W 165.7 180.0 1250
HCAL RPC-steel 180.5 302.8 140.2
Flux return Scintillator/steel 3033 567.3 604.2
LumiCal Silicon-W 153.7 1700 20.0
BeamCal Semiconductor-W 2773 300.7 13.5

https://pages.uoregon.edu/silicondetector/sid-dimensions.html

i A% CaterinaVernieri - ECFA Workshop* October 11,2023

(%)
F=

IDEA

TABLE I. — The main parameters of the IDEA concept detector.

Parameters
vertex technology silicon
vertex inner/outer radius (cm) 1.7/34

tracker technology drift chamber and silicon wrapper

tracker half length (m) 2.0
tracker outer radius (m) 2.0
solenoid field (T) 2.0
solenoid bore radius/half length (m) 2.1/3.0
preshower absorber lead
preshower Rin/Rmaz (M) 2.4/2.5
DR calorimeter absorber copper
DR calorimeter R.in/Rmaz (m) 2.5/4.5
overall height/length (m) 11/13

https://inspirehep.net/literature/1829133



https://pages.uoregon.edu/silicondetector/sid-dimensions.html
https://inspirehep.net/literature/1829133
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Particle ID for s-tagging

Combining different strategies for optimal PID performance across a wide p. range
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Detectors design at lepton colliders

e Detector designs at e+e- colliders are converging to very similar strategies
e Particle Flow reconstruction — plays a big part in many designs
e SiD like detector - Compact all silicon detector
 |LD like detector - Larger detector with Silicon+TPC tracker
e Larger detector. Simulation and design work active in Europe / Japan
 |IDEA detector - Using dual readout calorimeter, under study at CEPC/FCC-ee

Caterina Vernieri EF Workshop Restart - August 30, 2021 45



Training

Caterina Vernieri - ECFA Workshop- October 11, 2023
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1902.1022
CERN-LPQ&C-2018-04

Higgs at HL-LHC
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https://cds.cern.ch/record/2651134/files/1902.10229.pdf
https://cds.cern.ch/record/2651134/files/1902.10229.pdf

b/c/strange tagging

e The use of precise timing information would become very relevant for flavor tagging and providing an additional handle for
separation between light quarks.
 intermediate momentum K* ID from fast timing can become a significant contributor for b and ¢ decays (s tag K* could be too high
momentum for timing)
o Detector design have a role too in capturing the high momenta VO s that can decay deep into the tracker
e Investigate optimal configurations for 4D tracking at future e+e- machines

Caterina Vemieri (SLAC) IFO3 Meeting August 2020 4



The Energy Frontier 2021 Snowmass Report
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https://arxiv.org/abs/2211.11084

