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Disclaimer

* Summarizing 13
excellent contributions
in 6 sessions

* Cannot bring justice to
all of them and
apologies to speakers
whose topics have
been left out

* linvite you to have a
look at the individual
presentations
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The FCC-hh detector
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FCC-hh detector
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Parameter Table

Table 7.1: Key numbers relating the detector challenges at the different accelerators.

Parameter Unit LHC | HL-LHC | HE-LHC | FCC-hh

E.. TeV 14 14 27 100

Circumference km 26.7 26.7 26.7 97.8

Peak £, nominal (ultimate) 10%em™s7' | 1) | 5075 16 30

Bunch spacing ns 25 25 25 25 -
Number of bunches 2808 2760 2808 10600 £
Goal [ £ ab~’ 0.3 3 10 30 £
Oinet [331] mb 80 80 86 103 31 GHZ of pp E
or [331] mb 108 108 120 150 collisions <
BC rate MHz 31.6 31.0 31.6 32.5 =
Peak pp collision rate . ' GHz 0.8 - 14 31 Pile-up 1000 -
Peak av. PU events/BC, nominal (ultimate) 25 (50) | 130 (200) 435 950

Rms luminous region o, mm 45 57 57 49

Line PU density mm ! 0.2 1.0 32 8.1 4 THz of tracks

Time PU density ps~! 0.1 0.29 0.97 243

AN, /dn|,— [331] 6.0 6.0 7.2 10.2

Charged tracks per collision N, [331] 70 70 85 122

Rate of charged tracks GHz 59 297 1234 3942

<pr> [331] GeVl/c 0.56 0.56 0.6 0.7

Bending radius for <p;> at B=4T cm 47 47 49 59
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Parameter Table

Table 7.1: Key numbers relating the detector challenges at the different accelerators. %
S
| Parameter Unit LHC | HL-LHC | HE-LHC | FCC-hh | Firskiracking iaven: :E,
Total number of pp collisions 10" 2.6 26 91 324 ' 2
Charged part. flux at 2.5 cm, est.(FLUKA) GHzcm ™2 0.1 0.7 2.7 8.4 (10) 10GHz/cm? charged particles L‘—_.)
1 MeV-neq fluence at 2.5 cm, est.(FLUKA) | 10'% cm ™2 0.4 3.9 16.8 | 84.3 (60) Q
Total ionising dose at 2.5 cm, est.(FLUKA) MGy 1.3 13 54 270 (300) 108 hadrons/cm?for 30ab-!
dE/dn|,—5 [331] GeV 316 316 427 765
dP/dly = kW 0.04 02 10 40 Increased Boost at 100TeV
90% bb p7- > 30 GeV/c [332] In|< 3 3 33 45 spreads out” light SM bhysics
VBF jet peak [332] In| 3.4 3.4 3.7 44 b;’ S ff s di‘t’yy
90% VBF jets [332] In|< 45 45 5.0 6.0 ' )
90% H — 4l [332] In|< 3.8 3.8 4.1 4.8
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Parameter Table

Table 7.1: Key numbers relating the detector challenges at the different accelerators.

Parameter Unit LHC | HL-LHC | HE-LHC | FCC-hh

bb cross-section mb 0.5 0.5 1 2.5

bb rate MHz 5 25 250 750

bb prt} > 30 GeV/c cross-section pb 1.6 1.6 43 28

bb p7 > 30 GeV/c rate MHz 0.02 | 0.08 1 8 100MHz of jets p->50GeV -
Jets pZ; * > 50 GeV/c cross-section [331] pb 21 21 56 300 T S
Jets p* > 50 GeV/c rate MHz 0.2 1.1 14 90 400kHz of Ws §
W' + W cross-section [333] ub 0.2 0.2 0.4 1.3 <
W'+ W rate kHz 2 10 100 390 '
W51 + v cross-section [333] nb 12 12 23 77 120kHZIONZS S
Wl + vrate kHz 0.12 0.6 5.8 23

W™=l + v cross-section [333] nb 9 9 18 63 11kHz of Top

W —l + vrate kHz 0.1 0.5 4.5 19

Z cross-section [333] nb 60 60 100 400

Z rate kHz 0.6 3 25 120

Z — 1l cross-section [333] nb 2 2 4 14

Z — Il rate kHz 0.02 0.1 1 42

tt cross-section [333] nb 1 1 4 35

tt rate kHz 0.01 0.05 1 11




FCC-hh detector

Werner Riegler

FCC-hh Reference Detector 50m long, 20m diameter

Cavern length 66m
L* of FCC 40m.
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90% of ‘heavy’ physics will take place in n<2.5.

Increase of acceptance for precision spectroscopy and calorimetry from 2.5 at LHC to 3.8-4 for SM physics.
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FCC-hh detector

Comparison to ATLAS & CMS
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FCC-hh detector

Radiation Studies for L=3x10%¢cm-2s1 and 30ab-!
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s"]

12q0
1600 e §
:gg 10" 8 Maximum of 10kHz/cm? of charged particle rate in the Barrel and
21000 : 10° 8 Forward Muon System, similar to HL-LHC Muon Systems.
S 8o | 108 2 =
“ 600 = % 8 In the tracker volume the charged particle rate is just a function of g
400 ' 5 distance from the beampipe with rather small dependence on z. =
200 102 B 2
0 § <
S <
@)
< 9
E
:zg : g Hadron fluence in the order of 108 /cm? close to the beampipe and
1200 2 10%-10%® /cm? (HL-LHC levels) for r>40cm.
£1000 %
= 800 5 Extreme fluences in the forward calorimeter ...
600 )
=
400 S : : 5 gt [ 10 )
200 £ 3 Triplet (z=40m), Triplet shielding TAS (z=35m) and related radiation
0 > are nicely ‘burried’ inside the tunnel.
1500 2000 2500 3000 2

z [cm]




Werner Riegler

FCC-hh detector

(0]
i
~~
(o}
(@]
~~
o0
N

Tracker Layout

Silicon tracker, two options studied, ‘tilted’ and “flat’ layout’.

390m? of silicon for tilted layout and 430m? for flat layout.

ATLAS CMS Phase-ll silicon trackers have around 250m2.

25-33.3um x 50-400um pixels for r<200 mm
33um x 400um pixels for 200 mm < r <900 mm
33um x 2-50mm strips for 900 mm < r < 1600 mm >
©
This represents and r-phi resolution of 7.5-9.5um per detector layer E g o E
>
(%]
16 x 10° channels vs. 6 x 10° and 2.2 x 10° for ATLAS/CMS Phase-I| trackers <
O
3.0 2.5 -2.0 -1.0 0.0 1.0 2.0 2.5 3.0 O
=) \ NN W PP AR L
£1600F— Forward Central J
0 S resolution of
= [T — 13.5 :
1000~ - 5ps for Pileup
3 e e I E AR 4.0 to get similar
SOD= TS el (105 |p= 1 [ 11 ]
400~ | 8 | 1 45 performances
200 TS (55
E ‘ A ==y as HL-LHC
. 15000 -10000 -5000 5000 10000 15000 6.0

z [mm]




FCC-hh detector

a)

0 /€D

o
)

0.1

0.081

0.06.

0.04.

TR T T T [ T2

0.02.

T

[ electrons
r Inl=0

& (=0
" (W=200

+- (W=1000

FCC-hh Simulation (Geant4)
—— T

8.2% 0,159 @ 0.31 GeV
\E E

10.0%
VE

®0.52% @ 1:31 GeV]
® o131 CeV]

Eqen [GEV]

readout

EMCAL

FCC-hh Simulation (Geant4)

> T e
8 %8 (5= 100 Tev
3 L H-rr ]
2 v
§ L pY>GOGeV J
& 006 (=0 Om = 1.32% = 0.01%
[ #(w=200 T =1.9%=0
[ +)=1000 Om = 2.29% = 0.06%)
0.04( B
L -+
L 5! + _
0.02 +s | ] _
L e L i
*,4‘- ° e
e LA 1
,.'.'...|...|...|...|...|...1‘..'P.:%
16 118 120 122 124 126 128 130 132 1
b) m,, [GeV]
530 cm 58 em 208 cm
-
EMEC |
g N‘l“lll ]
R L
Lo
rher

82 cm

Werner Riegler

The Higgs mass resolution decreases from 1.3% to 2.3%
when going from pile-up zero to pile-up 1000.

These number do however not use any tracking information
that can reduce the pileup effect.

FCC-hh Simulation (Delphes)

2 R e
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o))
FCC-hh detector 2
(o]
L
HCAL ®
~ LA SRS AL S A e 05 s i e -
8025  FCC-hh simulation (Geantd) ] Ep VoL FCC-hh simulation (Geantd) ]
) L T @ 1=0.36, topo-cluster 4-2-0,R<0.4 - ~ ¥ B=0T, (1)=0 1
<, i 0 0% g 1 - L QCD jets @ 0 <l < 0.5 1
OU-T 0.2 r N i . l 7 O%‘ 0.2 C topo-cluster 4-2-0 ]
X w— (W=200 1 i anti-k, R = 0.4 )
0.15F . 0.15F ]
[ ] i o %160 @10GV ]
i 1 i * \Py s i
0.1 — 0.1F ] >
[ ] X ] ©
: ] [ ] €
005 . 005 ] =
C 1 - EMB+HB 1 «
- 1 1 <
oL —— vt v vty ] ol —— v v ] <
2 3 4 2 3 4 8
10 10 10 10 10 " 10 T
| E.. [GeV] b) P [GeV]
Single pion resolution of the Jet p; resolution assuming zero magnetic field.

Barrel Calorimetry wo/o pileup
With the 4T B-field, about 15% of the charged particles within jets of

momenta <100GeV/c are not reaching the calorimeters.

[13)

For jets with p; > 1TeV/c the resolution is not degraded by the field.

Studies on combined tracker/calorimeter performance have to be
done next ...
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Trigger/DAQ

Example: ATLAS Phase2 calorimetry will be
digitized at 40MHz and sent via optical fibers
to L1 electronics outside the cavern at
25TByte/s to create the L1 Trigger at about
10us latency.

>
Muon system will also be read out at 40MHz £
to produce a L1 Trigger. g

<
Reading out the FCC detector calorimetry Question: 8
and muon system at 40MHz will result in L
200-300 TByte/s, which seems feasible. Can the L1 Calo+Muon Trigger have enough selectivity to
allow readout of the tracker at a reasonable rate of e.g.

40MHz readout of the tracker would produce 1MHz ?
about 1000 TByte/s.

Un-triggered readout of the detector at 40MHz would
result in 1000-1500TByte/s over optical links to the
underground service cavern and/or a HLT computing farm
on the surface.
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@ Design evolution of the FCC detector magnet baseline

Twin Solenoid

>
6T/12m bore Twin Solenoid + / g
H Balanced Forward Solenoid
“Everything should be Balanced Forward Dipoles . g
. (%]
made as simple as — 0. s Twin Solenoid + Balanced <
possible, but not simpler” o) il 4, Forward Solenoids f')
Forward @]
solenoid L

Design evolution towards:

* Lower stored energy, smaller,
lighter designs

B[T]

Solenoid + Balanced
Forward Solenoids

* Less complexity, size reduction,
fewer coils

Radial position r [m]
[ __omees |
—
—
Ul
| —

* Much more cost-effective, from
= 0.9 M€ down to = 0.35 M€

Axial position z [m]

4T/10m bore Solenoid + Forward Solenoids
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Detector Magnets
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@ 4T/10m-bore Solenoid with 4T Forward Solenoids - baseline

Radial position r [m]

15
10
S
0
S5k
10
15
20

1
o
N

Axial position z [m]

Concept:
* 4Tin 10 m free bore 1ok
* Magnetic shielding not required

* 60 MN net force on forward solenoids handled by axial tie rods
Result:

» Stored energy: 14 GJ, energy density 12 kJ/kg
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102k Axial direction

107 F /
Radial direction

Stray field magnitude [T]

(o
=
(o))}

| S—

* Main solenoid cold mass 1070 t, forward solenoids 48 t 107
* Lowest degree of complexity from a cold-mass perspective 1o | ‘ J
* But with significant stray field to be coped with 20 S0 100 200 500

Distance to IP [m] 14
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@ Stray field & shielding - Distance to Service Cavern Q@

Magnetic Field Bmag [T]

* Side cavern positioned 62 m from IP.

» Stray field of FCChh detector at 4T is 5 mT in small area against the wall, -
and less everywhere else.
« Good mechanical machine requiring < 5mT. Tof

>
. . . . ©
* For FCCee with iron yoke it will be much less. b £
E £
10 0% 2 3 40 4 =
x axes [m] N
<
. ’\ 0.010.020.030.040.05 LI)
.0 2
\ g
\ g
}_ aaaaa g ool
g
. (17 ]
0.001

o
00000 E‘ 00001

— =
Radial distance R from P in m

19



Detector Magnets

Herman Ten Kate

@ Conclusion

* Baseline Designs for the detector magnet systems for FCC ee, eh and hh
were developed and detailed in CDR chapters.

* FCC-ee IDEA detector: a conceptual design of a 2T / 4m free bore / 6m long
Solenoid surrounding the tracker was developed, a design using 300 mm
radial space and 1 Xo radiation length is doable.

* FCC-hh:a 4 T Main Solenoid, 10 m bore, 20 m long, complemented by two
Forward Solenoids, 3.2 T center field ina 5 m bore, 4 m long. Also the option
of using forward dipole magnets was developed.

* Safe Quench Protection design for all magnets was demonstrated.

* Cryogenics based on using MR+SR on surface, with 20b/20K into cavern, JT-
liquefying in cavern into dewar and thermo-siphon cooling of cold masses.

* Cavern and Detector Installation studied, confirming installation feasibility.

* No show stoppers identified, but a serious R&D program is required on

reinforced superconductors and ultra-transparent cold masses and cryostats.

26
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The Landscape
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Nima Arkani-Hamed
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Physics studies at FCC-hh
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Why measure HH?

* Measurement of HH gives access to the magnitude of the Higgs self-interaction:

V = M?H? + WwH? + %H“

« Higgs trilinear coupling constant A only depends on the Higgs field VEV and Higgs
mass. Purely determined by EWSB (in the SM).

* Shape of the Higgs potential is determined by the self coupling value (EWPT)

€> 1 ATLAS and CMS
P2 LHC Run 1
S

>
P -
©
(S
S
=
(%)
<
o
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L

V(9) = 12(8'6) + A(¢'9)*

¢ ATLAS+CMS

------- SM Higgs boson |
— M, €] fit ' )
[ 68% CL :
[ ]95% CL

10—3 -

—
N
w

—

107 1 10 102
Particle mass [GeV] 2
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nggs Self-COupllngS Michele Selvaggi
The bbtt channel
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* Exploit large branching ratio
2*BR(H—bb)*BR(H—11) = 7.3%

H — Tiep Thaa — £h3v (45.6%) H— ThadThaa — hh2v (42.0%)
 / h :
" v - Final states: both TiepThad and ThadThad
H v 1

............................ considered:
o N /)

-
v :
u h - Backgrounds: 3
. * Top pair §
Detector assumptions: - single Higgs (VH, ttH, ggH)

o + - +
* No Pile-up Z+bh Feuhin

 Nominal FCC-hh detector resolutions: o
* TlepThad has larger B contamination

* b-tagging : & = 85%, §-p = 1% (~ HL-LHC) « ttbar with Thad + e/mu (in addition
- 1-tagging : &, = 80%, -, = 1%. (~ HL-LHC) tO TiepThad)

oY
N
s

—/
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Combination bbtzt

FCC-hh Simulation (Delphes)

Fully hadronic versus semi-leptonic 2 T I g
< - = — stat. 4
FCC-hh Simulation (Delphes) o . ey e
it | T I TTTT | TTTT | TTTT | TTTT | TTrT1T | | TTrT1T | TTT1T I T 14_ L =30 ab-1 stat+ sVs‘ (SC ) o |
= 16— — : —— stat + syst (sc. Il) E
cﬁ B Vs =100 TeV Tt (comb.) 1 13- —— stat + syst (sc. Ill) -
"oqab — ] r HH— bbrt (comb.) ] =
r L=30ab’ o 1 10 = 5
: - TT, : L 3 E
12— - 8- - =
r ] c A 3
C HH— bbrt . + ] <
10 3 r ]
C ] iF o] <
N ] . : o
o E i i
- ; S S =S
6 — 09 095 1 1.05 1.1
L i Ky = Al Mgy
1N PSR/ ST 20 i
varying
uncertainties:

10 1

Tl by 10

1 1 I|I ] 1 I
08 085 09 095 1 105 1.4 115 1.2
OKka(stat) = 4 %
K, =AM

Ll OKa(stat + syst) = 5-12 %

—
N
(9

—
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Combination of all channels

o ABr e CC-hh Simulation (Delphes) -« FCC-hh can reach dKa(stat) = 5% using double Higgs production, via:
= L — bbbb ]
§ q4f Vs=100Tev —bbzz(4) | o
- L=30ab" ek * bbyy:dKkx = 5-7%
e \ o e + bbtt: dKA = 5-10% (using TiepThad and ThadThad)

10? \HH combination * - bb4l:dKkx = 10-20%
- 1 - bbbb: dkA = 20-30%
bbWW: dk\ = 40%
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High invariant mass di-bosons

Motivation

28/06/19

© Habemus Higgs; are we done? Note even close!
The SM does not say anything about, e.g., dark
matter, the origin of neutrino masses, baryon
asymmetry, . ..
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© However, the LHC hasn’t discovered any new
states so far. What if NP is too heavy? Even
for FCC? Can still lean something from EFT’s.

—
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© Why diboson? Some NP amplitudes grow with
energy, good handle at high invariant mass.




Fady Bishara

High invariant mass di-bosons
To illustrate the point...

28/06/19

ATLAS Preliminary ¢+ Data
Vs=13TeV, 36.1 fb" Czy
Dimuon Search Selection [l Top Quarks

10° [ Diboson

10t — Z,(3TeV)
— Z,(4TeV)

10° —Z,(5TeV)
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il Drell-Yan: pp — ¢/
g 13 el -
- : | = . .
g o.é? T 5 Effects in the tail (=

0.6E =
2o 14E : EFT), well below the res-
ERPY.: T onance [ 28 )
0O = 0.6E 3

100 200 300 1000 2000
Dimuon Invariant Mass [GeV] A EFT validity o E,pT <

Dimuon Invariant Mass
Artwork by Admir Greljo

MX 3



Fady Bishara

High invariant mass di-bosons
Summary and outlook

28/06/19

© Hadron colliders can be competitive with LEP in con-
straining precision EW observables

© Drell-Yan and diboson channels are the most promis-
ing due to growth with energy and low systematics
(e.g., in leptonic or semi-leptonic) final states
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© Work on the Wh channel is ongoing to complete the
diboson picture

© More differential distribution, e.g., in azimuthal an-
gle, additionally, can be used to constrain more oper-
ators
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BSM in flavor sector

Fermion Yukawas status

Fady Bishara

ATLAS+CMS [1606.02266]

> Il | ¥ TR T ’ LI SR LR | L UNEOR 2]
E> 1t ATLAS and CMS
2 r LHC Run 1
o
gl> 107k E
" :
X ;
1025 3
¢ ATLAS+CMS ]
NI 5 N SM Higgs boson |
— [M, ¢] fit ]
[]68%CL
[ ]95% CL
10_4:.. Ml | Ll E
10~ 1] 10 102

Particle mass [GeV]

28/06/19
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Fady Bishara

BSM in flavor sector

28/06/19

1** and 2™ generation Yukawas

... Ideas for a hadron collider

Bodwin et al.: 1306.5770 &

Exclusive Higgs decays h — MV 1407.6695; Kagan et al. 1406:1722
Koenig & Neubert, 1505.03870

. . Perez et al. 1503.00290 & 1505.06689;
V' h and associated h() production Brivio et al. 1505.06689
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Higgs differential distributions ]S?’(l)i}elgrg’t eatl'a11.606.09621
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e Charge assymmetry in W=*h Yu [1609.06592]




Fady Bishara

BSM in flavor sector
Summary

28/06/19

» Measuring light quark Yukawas crucial to understand mass
generation mechanism in SM

« Higgs p; distribution is sensitive to modified charm Yukawa,
constraints at HL-LHC on modification of y, of O(few) and on

YS/YbSM < 05

« LHCb upgrade II projection abs(x,)<2.2 and ILC O(10%)
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« VH production at LHCb abs(k,)< 2-3

* Bounds on BR(t—hc) will cut well into parameter space of
flavor models And at

FCC-hh?

—
w
N

—

e Other ideas: strange tagging? Proposal for future e+e- using
charged Kaon reco. - can something similar be done at LHC?

Duarte-Campderros, Perez, Schlaffer, Soffer [Perez talk at 1* FCC physics
workshop and Schaffer talk at CLIC physics



Matthew McCullough

ALPs

28/06/19

AlLPs: FCC-hh

Future proton colliders can also reach intensity
frontier levels:

B LHC
j LHC,;
- FCC-hh

<@
2% ' 1808.10323

v

Collider
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L £
2 2
L=

< =
QO

O
L

eff
YY

|IC

Astrophysics
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Again here searching for the decay: [¢awdiaiat
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(Gaugino masses
Disappearing Track at FCC j
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p
ISR jet + Emiss + single disappearing track signature "
X1
» 5 layers within 15 cm from beam line
» Timing information used to suppress background &
FCC-hh Default layout (#1), <u> = 200 Xi X1
- 100Tov,coa! M Alarmatsmout £ < 200 R N5
20 [ Alternative layout (#3), <u> = 500 N
£ s E +
8 - 3 Disappearing Track U
= 12 3 s
2 10 . 3 S
¢ s Wino 1 Wino =
o g 3 =
4F Wino . -
2 ’I\‘Vha';av =5, Tims'ﬁ‘l | | — 50 discovery, FCC-hh, Y5=100 TeV, 30 ab” <
02500 3000 3500 4000 tj
Chargino mass [GEV] Expected exclusion, HL-LHC (ATLAS), Ys=14 TeV, 3 ab e
FCC-hh Default layout (#1), 41> = 200 Higgsino i ; 5 g
(5= 100 TeV, 30 ab” _— 3::;::;:: J:Z?::)Sg;:‘;a: 200 jele] 50 discovery, HL-LHC (ATLAS), {5=14 TeV, 3 ab
—T \:I f"!,mn.m i (‘n)'.qD. el nw Observed exclusion, ATLAS, Vs=13 TeV, 36.1 b
| ! !

Higgsino
Niyer =5, Time-fit

2 3 4 5
Chargino mass [TeV]

Higgsino

Discovery significance

. FCC can cover the full mass range for
discovery of thermal Wino/Higgsino DM

oY
w
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PR IS T B
1200 1400
Chargino mass [GeV] 8

.I‘..I‘.
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Koji Terashi

(Gaugino masses
Gaugino Masses

[ Can we determine gaugino masses if they are within FCC reach? ]

Consider the case where Wino is lighter than other gauginos:

» Neutral Wino as LSP (— disappearing track)
» Wino mass assumed to be 2.9 TeV (full DM density accounted for by Wino)
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» Pair production of gluinos considered as main production mode -

£

Point 1 Point 2 Point 3 S

PGM as possible SUSY mgo [TeV] 250 302 350 <

breaking scenario L [TeV] 300 756 709 S
Fundamental parameters mp [GeV] 3660 4060 4470
in PGM (m32, L, ¢pz) can m, [GeV] 2900 2900 2900
be derived from gaugino mg [GeV] 6000 7000 8000

masses o(pp — §3) [B] | 7.9 2.7 1.0 [ 35 ]

. Implication to SUSY breaking mechanism
Information about masses of heavy Higgses and Higgsinos




Koji Terashi

(Gaugino masses
Gaugino Signals

Pair production of gluinos

28/06/19

g — qqB,qqW ”
BR(g — ¢gB) = BR(g — qgW) = 0.5
Bino decays to Wino + W/Higgs -boson

B — WEWF Woh
Wt 5 rt 4 WP
— Disappearing track
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Event selection:

» 2 disappearing tracks:
Ist track = r>10cm, | < 1.5 Only disappearing tracks with r > 10 cm
2nd track = r>100r5cm, |n| < 1.5 | used for mass determination

» Eymiss > 1 TeV (— next slides)

—
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(Gaugino masses

Bino Mass
Measurement

Bino mass reconstructed from Wino
momentum and W-boson:

#/2GeV /10 ab?’

mp = \/(vaW —|—pwi)2
= Wino momentum obtained from
measured mass and velocity

= [/-boson momentum from fat-jet
9000F

8000 /
70008k : W

6000F
5000F
4000F
3000¢
2000¢
1000 & &
07760 80 100 120 140 160 180 200

Jet Mass (GeV) 12

#/50 GeV /10 ab™

Koji Terashi

q rE
p wo
= WO
rt :
p 4 5
L] :
5 q S
-.'----.-;-.......-"’.
histmbno1
r Entries 349
2 Mean 4234
301 Std Dev 691.2
C Mbno(Gauss) 3651+ 9.3
o5f o 59.76 = 11.61
- A 25.29 = 4.70
X c 3.704 = 0.272
20f
15}
10f
5
3800 5000 6000

Bino Mass (GeV)

mp 2-3% precision at ~4 TeV

(dominated by )

28/06/19
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Koji Terashi

(Gaugino masses

Gluino Mass
Measurement

Gluino mass reconstructed using
hemisphere analysis:

28/06/19

=) Take Wino momenta as hemispheres

= Assign all jets to each hemisphere
using distance metric and update
hemisphere momenta

()
o
=) [terate until the hemispheres E
S
=

histmgno1
Entries 526
Mean 6360
Std Dev 1904
Mgno(Gauss) 5990 = 72.1
o 1321 62.4
A 27.09 = 1.67
1.271= 0.242
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become stable p
%74

5000 10000

Gluino Mass (GeV)

) 3 m) 1-2% precision at 6-8 TeV
Jets = 13 (controlled by g and stat. error)

—
w
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(Gaugino masses
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Im_plication

(Upper bound on) heavy Higgs,
Higgsino mass scale

b1 =0 sfermion mass scale
1000 L ‘

900 %, mg || — (|, ma)

0 my 104

800 e my || >

700+ W Loy o
S ) : :
2 600 E 103 S
$ 500 % 2
g © <

400 e 5 =

300\ 0 o

o Lo
200t
400 500 1000 1500 2000 102.0 2.5 3.0 3.5 4.0 4.5 5.0
|Z| [TeV] tanf3
PGM parameters (m3s2, L, ¢r) can Information about mass scales of [ 39 )
be constrained from gaugino heavy Higgses, Higgsinos or

masses sfermions can be extracted
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Di-l ept()n resonances FCC-hh Simulation (Delphes) [
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Edl: = [ T ]
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10 15 20 25 30 35 40 45 50
Considering 2.2fb! per day for baseline Mass [TeV]

50 discovery for:

e 20TeV after ~50 days (first year?)

* 33TeV after 10 years @ baseline Reach up to 40TeV

» 42TeV after full operation 25 years this very simple case!
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Heavy resonances sumimary

Q* —ji

Vs =100 Tev

s =27 Tev
Ly, —tt

Vs =100 Tev

Vs =27 Tev
Z' —tt

s =100 Tev

Vs =27 Tev

Gy — W'W
Vs =100 Tev

Vs =27 Tev
Z'soy — 1T
Vs =100 Tev

Vs =27 Tev
L'y — TT
Vs =100 Tev

Vs =27 Tev

FCC-hh / HE-LHC Simulation (Delphes)

0

95% CL Limit
1ab?
25ab’
15ab”

w30 ab’
100 ab™

20

30

40 50
Mass scale [TeV]

Q* — i
(s =100 TeV

Vs =27Tev
Ly, >t

(s =100 TeV

Vs =27 Tev
Zigy —tt

(s =100 Tev

Vs =27 TeV
G W'W
Vs =100 TeV

Vs =27Tev
Z'y — 1T
(s =100 Tev

Vs =27 Tev
Z'y — T'T
(s =100 TeV

Vs =27Tev

FCC-hh / HE-LHC Simulation (Delphes)

5 o Discovery

ab™’
5ab’
5ab
0ab’
00 ab™

- .= N).—

20

30

40 50
Mass scale [TeV]
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Coralie Neubuser

FCC-hh jet substructure studies
Interplay of full/fast simulation &) ‘ (G=D)))

in testing and developing a detector design

28/06/19

Detector model

Full simulation ) = KA
in FCCSW

I o N Fast simulation
/ / Delphes

Realistic " targeted Detector
Detector pefformance = performance
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Full physics analysis chain
->results (see CDR)




FCC-hh jet substructure studies

Performance of top tagger

background efficiency

1

107!

TT T T T T T [TTTT [Tr T[T T[T TrrrT [TTrTr[rrrr[rror

! ! ! !
Igr FCC-hh simulation (Geant4

'H{I_Ll_ILLIIIII'I'I'l LI
S
; —
L a
s <
". e I
DOARN-AR W
&
Il
\ L

QOO

_VS_|
top_vs_
top_vs_
top_vs_
top_vs_
— top_vs_

u]] sim, ce]]s R=0.2

SB ¥uﬂ Sim; cgﬂs %}uﬂ granularity) R=0:
CD full sim, to ,o—clusteli R=0.2

CD full sim, split topo-cluster R=0.2
CD full sim, track R=0.2

CD Delphes

T R NS A NS A S A A S A

0 01 02 03 04 05 06 07 08 09 1
signal efficiency

Coralie Neubuser

o | D

» W/Top tagger trained on tracks closest to fast-simulation (Delphes) tagger

> IATTENTION! assumption of perfect track reconstruction

28/06/19
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Coralie Neubuser

FCC-hh jet substructure studies
Performance of W tagger @ ‘ (EED))

28/06/19

d_ VS _QCD full sim, track R=0.8
ad_vs_QCD Delphes

>[I LI I I I R UL I

& 1 _E FCC-hh simulation (Geant F

'S - B=4T, 4n= .

S 107 F 1W E

g : gp:rlf/ ] ~

5 107k ' E s

& " Whad_vs @ i =

3) 1073 — Whadrvs D full s1m topo-cluster R=0.8 . 7S

8 —— Whad~¥s_QCD full sim, split topo-cluster R=0.8 3 <
O
L

107*

107 EMB+HB

:|_1_|_|_u,||| |||||_u,|| 11

0 010203040506070809 1
signal efficiency

(45 )

» W tagger degrades with clustering (incl. electronics noise)
— need optimisation of cluster splitting




28/06/19

Software
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Basic Software Requirements

28/06/19

Conceptual detector design studies
* Flexibility

* Ideal detector descriptions

* Open to evolution

Broad range of event complexity
* e*evsppvsep
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Need to support physics and detector studies
* Parameterised, fast and full simulation

Aim to de-duplicate efforts

* One software stack to support all the cases, all detector concepts and future
(proto-)collaborations
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Basic Software Requirements

We have achieved most of this

with the publication of the FCC CDRs

28/06/19

FCC-hh summary
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Ingredients

Event Data
Model

Detector
Description

Simulation Reconstruction

Analysis

Software Framework

Workload and Data Management

Software Infrastructure

28/06/19
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Ingredients 2
¥ S ot =
O @Q& e ,‘(’6 A Nl ~
P o ¢
Event Data Detector
. imulati R i Analysi
Model Description Simulation econstruction nalysis
Software Framework y g
Workload and Data Management \>$(’°




Graeme A Stewart

Key4HEP

Next Steps and Conclusions strategic R&D

Part of the CERN

28/06/19

e General agreement on moving to a common HEP software stack from future

experiments

o Alotto be learned from ILC/CLIC experiments in how to do this and the benefits
m N.B. ILCsoft and Marlin will keep working for LC

® Move build infrastructure to Spack tool

o  Sustainable build orchestrator with wide support for scientific software packages (developed by LLNL)
o  Many elements of HEP software are already supported

e Progress on EDM4HEP
o Begin by looking at LCIO and FCC EDM

Provide common and popular HEP package sets
Gaudi framework to bind elements together
Shims to form a plugin system of software that really works coherently
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Key4HEP will support FCC software development
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Javier Cervantes

Software development

28/06/19

Challenges of writing SW for more than 20 years

> of people from different fields

v

Wide range of skills and abilities

v
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Large rotation of code authors (other projects, labs, industry...)

v

General solutions for single-experiment scopes
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Future experiments’ software needs stable, robust and efficient supporting infrastructure




Future plans

28/06/19

Follow/participate AIDA++ software projects
* After meeting last week, few proposals have been agreed upon

Follow relevant HSF working group activities
* Simulation, Reconstruction, Analysis

Main items for next year

* Consolidate physics generators interface

* Allow for an easy introduction of new detector concepts described in DD4HEP
* Interface-to / Synergies-with Key4HEP

* Develop analysis workflow based on RDataFrame

* Define a well established platform for detector performance comparison
* Enable DIRAC / Rucio ...
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FCC Software Tutorial hands on session to be announced
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Next steps
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AIDA

Eol for both
software and

detector to be
submitted

Paolo Giacomelli

L 2020
@ AlIC Sketch of AIDA-2020++

Possible topics:
Advanced R&D and infrastructure for detectors at future colliders
Leptonic colliders
Circular
Linear
Hadronic colliders
Novel detector technologies for large-scale particle physics experiments
Innovative software solutions (ML, etc.) for future detectors
Triggering
Tracking
Calorimetry
Extended neutrino WP with also short baseline neutrino detectors
Joint R&D programmes with industrial beneficiaries

Proof of Concept (competitive allocation after start of project) higher risk projects
(“blue sky” R&D)

28/06/19

FCC-hh summary
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Progress on the long CDR

* We have continued the work on the long FCC-hh physics and
experiment CDR. Plan to publish it as Yellow Report
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Conclusion

* Even if the CDRs have been published and FCC-ee has been
commonly accepted as the first step

Huge amount of progress since last year
Detector studies have reached a high level of details

Solid detector concept, performance has been parameterised for
physics studies

All key physics analyses have been benchmarked
Continuous progress in software

Finish documenting everything in the comprehensive CDR (CERN YR)

28/06/19
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Final words

e All CDR studies, and all results that have continued appearing in
the literature since the CDR release, confirm in an unequivocal
way the power of FCC-hh:

* the essential role in addressing the fundamental questions that will
be left open after the completion of the HL-LHC

* the unigue complementarity and synergy with the results of the
FCC-ee programme
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