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Observations

Good angular
coverage but at high x
low Q2

High Q?to 10°
CC at large x > 0.0001

Low Q? High x
Very fwd hadrons:

High y =0.9 = 6 GeV
F, “easy”

Kinematics at LHeC
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Kinematics ot LHeC

Lower proton energy
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lower Q2
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Kinematics ot LHeC
Lower electron energy
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NC Cross Section Correlated Uncertainties (Q2=2 GeVv?)
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Figure 3.2: Neutral current cross section errors, calculated for 60 x 7000 GeV?2, resulting
from scale uncertainties of the scattered electron energy dE./E! = 0.1 %, of its polar angle
80, = 0.1 mrad and the hadronic final state energy 6E),/E;, = 0.5%, at low Q% = 2GeV?

and correspondingly low z.
From LHeC CDR



NC Cross Section Correlated Uncertainties (Q2=20000 GeVv?)
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Figure 3.3: Neutral current cross section errors, calculated for 60 x 7000 GeV? unpolarised
e” p scattering, resulting from scale uncertainties of the scattered electron energy 6E./E. =
0.1%, of its polar angle 6. = 0.1 mrad and the hadronic final state energy dE}/E) =
0.5 %, at large Q% = 20000 GeV? and correspondingly large . Note that the characteristic
behaviour of the relative uncertainty at large x, i.e. to diverge o< 1/(1 — z), is independent

of Q2, i.e. persistently observed at Q2 = 200000 GeV? for example too.
? P Y ? P From LHeC CDR



Detector in the CDR

kinematics and requirements

region of detector backward barrel forward
approximate angular range / degrees 179 - 135 135 -45 45-1
scattered electron energy/GeV 3-100 10-400 50-5000
T, 1077 -1 1074 -1 1072 -1
elm scale calibration in % 0.1 0.2 0.5
elm energy resolution E/E in % -\/E/GeV 10 15 15
hadronic final state energy/GeV 3-100 3-200 3-5000
Th 107" —10=2 | 107> =102 | 107* -1
hadronic scale calibration in % 2 1 1
hadronic energy resolution in % -v/E/GeV 60 50 40

Now: Higgs: maximum fwd acceptance (p direction), better hadronic resolution, crucial
c and b tagging capabilities. Still muon tag only (but muon momentum for FCC-eh for H)



LHeC Detector in the CDR (2012)

Muon Detector

Solenoid

Forward/backward asymmetry in energy deposited and thus in geometry and technology
Present dimensions: LxD =14x9m? [CMS 21 x 15m?, ATLAS 45 x 25 m?]
Taggers at -62m (e), 100m (y,LR), -22.4m (y,RR), +100m (n), +420m (p)
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Detector Magnets

Figure 13.13: Magnetic field of the magnet system of solenoid and the two internal superconducting dipoles
at nominal currents (effect of iron ignored). The position of the peak magnetic field of 3.9 T is local due to
the adjacent current return heads on top of the solenoid where all magnetic fields add up.

Dipole (for head on LR) and
solenoid in common cryostat,
perhaps with electromagnetic LAr

3.5T field at ~Im radius to house
a Silicon tracker

Based on ATLAS+CMS experience

Property Parameter value unit
Dimensions Cryostat inner radius 0.900 m
Length 10.000 m
Outer radius 1.140 m
Coil windings inner radius 0.960 m
Length 5.700 m
Thickness 60.0 mm
Support cylinder thickness 0.030 m
Conductor section, Al-stabilized NbTi/Cu + insulation | 30.0 x 6.8 mm?
Length 10.8 km
Superconducting cable section, 20 strands 124 x 24 | mm?
Superconducting strand diameter Cu/NbTi ratio = 1.25 1.24 mm
Masses Conductor windings 5.7 t
Support cylinder, solenoid section + dipole sections 5.6 t
Total cold mass 12.8 t
Cryostat including thermal shield 11.2 t
Total mass of cryostat, solenoid and small parts 24 t
Electro-magnetics Central magnetic field 3.50 T
Peak magnetic field in windings (dipoles off) 3.53 T
Peak magnetic field in solenoid windings (dipoles on) 3.9 T
Nominal current 10.0 kA
Number of turns, 2 layers 1683
Self-inductance 1.7 H
Stored energy 82 MJ
E/m, energy-to-mass ratio of windings 14.2 kJ/kg
E/m, energy-to-mass ratio of cold mass 9.2 kJ/kg
Charging time 1.0 hour
Current rate 2.8 A/s
Inductive charging voltage 2.3 \'%
Margins Coil operating point, nominal / critical current 0.3
Temperature margin at 4.6 K operating temperature 2.0 K
Cold mass temperature at quench (no extraction) ~ 80 K
Mechanics Mean hoop stress ~ 55 MPa
Peak stress ~ 85 MPa
Cryogenics Thermal load at 4.6 K, coil with 50% margin ~ 110 W
Radiation shield load width 50% margin ~ 650 W
Cooling down time / quench recovery time 4and 1 day
Use of liquid helium ~ 15 g/s

Table 13.1: Main parameters of the baseline LHeC Solenoid providing 3.5T in a free bore of 1.8 m.




LHeC Detector 2016
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PK: Status 11/16



Dimensions and Multitudes - LHeC

Tracker FST,.. | FST..... | CFT,.. | CPT,.. | CST..... | CBT,.. | BST.,... | BST,..
#Wheels 2 — - 2

#Rings/Wheel 2. .. 3ouier 3/4 - — 3/4 Bouter 2, ner
#Layers — — — 4 5 — — —
Omin/maz ') 0.7 3.8 3.0 5.1 24/155 | 177.8 173.1 | 178.7
Nmaz /min 5.1 3.4 3.6 +3.1 +1.4 -3.6 2.8 45
ST 6.9 9.5 2.8 5.4 33.7 2.8 5.7 4.1
Sum—Si [m2] 70.9 acuble layers taken into account

Calo FHC;, | FECs,y EMCScin/LAr HAC;..p. BECs,p, | BHC, .
Omin/maz | ) 0.61 0.68 8/166 14.2/160 178.7 | 178.9
Nmaz /min 5.2 5.1 2.7/-2.1 2.1/-1.7 4.5 4.7
Volume  [m?] 6.7 1.6 15.1 165 1.6 5.8

Sum-Si

197.4
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LHeC INSTALLATION SCHEDULE

ACTIVITY Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

DETECTOR CONTRUCTION ON SITE TO
START BEFORE LHC LONG SHUT-DOWN

LHC LONG SHUTDOWN START (T0)
COIL COMMISSIONING ON SURFACE
ACTUAL DETECTOR DISMANTLING
PREPARATION FOR LOWERING
LOWERING TO CAVERN

HCAL MODULES & CRYOSTAT
CABLES & SERVICES

BARREL MUON CHAMBERS

ENDCAPS MUON CHAMBERS
TRACKER & CALORIMETER PLUGS
BEAMPIPE & MACHINE

DETECTOR CHECK-OUT

LHC LONG SHUTDOWN END (T0+24m)




LHeC Detector




FCC-eh Detector




Dimensions and Multitudes — FCC-eh

Tracker FST,.. | FST,,.. | CFT,.. | CPT,,, | CST,,,.. | CBT,,. | BST,,,.. | BST,..
#Wheels 2 - - 2

#Rings/Wheel 2. R I 3/4 — — 3/4 Bouter 2inner
#Layers — — — 4 5 — — —
()mm/mam [O] 0.5 3.8 3.6 5.1 24/155 176.4 173.1 179.3
Nmaz /min 5.4 3.4 3.5 +3.1 +1.4 -3.5 -2.8 -5.2
Si,ip/etriz [m2] 9.7 13.3 2.8 5.4 33.7 2.8 9.7 6.9
Sum-Si [m2] 84.3 double layers taken into account

Calo FHCs,w | FECs,w EI\/ICScin/LAr HAC;, . BECs,p, | BHCg, .
ﬁmm/mu [0] 0.3 0.4 5.6/173.4 8.6/167 179.4 179.6
Nmasz /min 6.0 5.6 3.0/-2.7 2.5/-2.2 -5.3 -5.6
Volume [m3] 13.2 3.1 28.8 407 1.98 7.0
Sum-Si  [m?] 461




Interaction Regions for ep with Synchronous pp Operation

p2 —
02| Pz
0.15 Iy o
0.1+ 1 Coils
005t
5 0 LHeC (CDR)
-0.05 | 60 GeV * 7 TeV
0.1t
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M coy
Still work in progress: 02y ’ ' | H/h ] CO///d/hgpb
may not need half 40 -30 20 10 0 10 20 30 40 am
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Rogelio Tomas et al



Detector design: Inner Silicon Tracker (status 3/16)

Central Silicon Tracker — CST Backward Silicon Tracker — BST
Central Pixel Tracker - CPT 5x(double-layers) 5x(double layers pix / strix)
4 double-layers 1. layer: inner R=25.1 cm min-inner-R= 4.3 cm;
min-inner-R =4.51 cm 2. layer: =30.0cm max-inner-R= 16.2 cm
max-inner-R =17.13 cm 3. layer: =349cm max-outer R = 45.1 cm
Zlength = ¥50cm 4. layer: =39.9cm Planes 1 - 5:
5. layer: =44.7 cm Z1.5=-67./-87./-132./-172./-202. cm

/\

" ”

Path of services for all tracking.
The detector services (shown in
dark orange) shall be integrated

Forward Silicon Tracker - FST

7x(double layer pix/ strix)

min-inner-R= 4.3 cm;

max-inner-R=16.2 cm

max-outer R =45.1 cm

Planes 1-7:
21.7=67./87./142./230./292./332./372.cm

into support structures whenever
possible. Optimum of costs and
detector acceptance. Design of
services and infrastructure crucial
for material budget.

More detailed designs for other components too. DD4HEP software developments..
An opportunity for R+D and building a novel, challenging 4m detector in the twenties.
Profit from HL LHC detector upgrades, also ILC, with no pileup and small radiation load



LHeC Silicon Tracker




The LHeC Silicon Tracker




LHeC Calorimeters




Cut through Calorimeters at z=s10cm

Outer radius: 3.6m



Software based on DD4hep/DDG4 - pre-release software [AIDASoft/DD4hep];
Python, C++

LHeC/FCC detector geometry, material description, R/O description as needed,
segmentations and surfaces - ingredients for reconstruction;

DDEve - event display tool for quality judgment and control ...

Follow the main developments & build a detector model answering physics
guestions (reuse of experience and implementations)

Collaboration inside the FCC-Software effort at CERN - information @ http://
fccsw.web.cern.ch/fccsw/

Synergies when following closer the FCC-SW initiative - new EDM, geometry/
material definitions based of DD4hep as well, using GAUDI for overall steering;
aspects of commonly used tracking software (ACTS); fast and detailed

simulation ....

Hardware optimisation according to latest R&D (HL-LHC ...)



H-> bb in LHeC Detector




LH-.O Next Steps G==

Interaction region update

Finish ep Detector software link to Higgs, top, PDF.. physics study
Technology choices for novel, high tech, high precision detector post HL-LHC
CDR for FCC-eh Detector (1/2018)

Update of LHeC Detector Design (IV/2018) - will include cost-energy-physics study

Many thanks to
Andrea Gaddi, Hermann ten Kate, Peter Kostka, Ercan Pilcer,
Brett Parker, Alessandro Polini, Stefan Russenschuck, RogelioTomas and many others
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