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LHeC / FCC-he Context

lepton—proton scattering facilities

luminosity (10%° cm™2 s71)
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LHeC CDR, July 2012 [arXiv:1206.2913]

- Lepton-hadron
scattering at the
TeV scale ...

LHeC: 60 GeV
electrons x LHC
protons & ions

- 1034 cmZ s

- Simultaneous
running with ATLAS /
CMS sometime in
HL-LHC period

FCC-he: 60 GeV
electrons x 50 TeV
protons from FCZC



Physics Overview

Q% / GeV?

[] FcC-he
LHeC :
[7] HERA =3
—— NMC / sinZE)
- Sy
T ane ATop| Hix | |
/\\ gluon | Diverse physics goals
/ Tiges| & | require precision

. Precision throughout wide
£ 0200 = SR accessible kinematic

* (PP region.
s , 5;,— p

Ve

e
RTINS AT BN AW R gl
3 5 u . 3

3 L1 g 3 -
10 10 10" 1 4\
X d

Q@

(o}



L LHeC Experiment:

A AN e
E ORI
R BB

QUGS IO

VOO ooy

O b N
X R
G
RN KKK

£

NS,

F Fixed Target Experiments:

E X 11
[ HERA Experiments:

NMC

BRI
O e i e
D o et

R 3
R

N
IR

Q

T

DR
N

V.
NZZ2N
T 77>
. s

RN
N N\

NGNS G SEEN

A Ao
/0,0“0“ e
0'

E665

r [ SLAC

4

>

QO

10
ol

o

105; [ H1 and ZEUS

6

104:— BCDMS
£ mm

10 g

10 %k
10

angle O of final states

M,;=120 GeV o vs cut on scattering

CCep

CCe’
NC e"?p

.
30

0 cuton FS (°)

25

20

15

10

3
o
-

(qy) o

10

acceptance in

1

O
W
+J v
c 3
L5
° O ~ 5
i m n & 0 \\\\\\\ ]
m — m Ilie | 1
o puum w o = s
@ w- s 2z 3 Bk
@) ~ i S
n e Q % a < N "o
N [ g &
K R rm m® .
O M e T T
e i) w“ LY
L U s ©
- @ C
o ._m.ob
() T
QO g5 E
C

Access to Q%=1 GeV? for all x > 5.10"

and contain hadrons for kinematic reconstruction

maximise acceptance for Higgs,
sensitivity to high x sighatures,

outgoing proton direction to

Also need 1°



Detector Design Overview
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* Present size 13m x 9m (c.f. CMS 21m x 15m, ATLAS 45m x 25m)
 Forward / backward asymmetry reflecting beam energies .
« Demanding tracking - high fraction of pixels, wide acceptance
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Tracking Region

-

4 double-layers

Zuogn = £50cm
|\-

Central Pixel Tracker -

min-inner-R =4.51 cm
max-inner-R = 17,13 cm

Central Silicon Tracker - CST /Backward Silicon Tracker - BST

CPT Sx(double-layers) Sx{double layers pix / strix)
1. layer: inner R =251 cm min<nner-R = 4.3 cm;
2. layer: = 30.0 cm max-inner-R= 16.2 cm
3. layer:; =349cm max-outer R = 45.1 cm
4. layer: =399 cm Planes 1 - 5:
5. layer: w447 cm /216 %-67./-87./-132./-172./ -202. cm

\ for material budget.

"/Pm of services for all tracking.

The detector services (sh in Forward Silicon Tracker - FST
- Tx(double layer pix/ strix)

dark orange) shall be integrated i) Re 43 ome

into support structures whenever y ’

possible. Optimum of costs and
detector acceptance. Design of
services and infrastructure crucial

max-inner-R= 16.2 cm
max-outer R=45.1cm
Planes 1 -7:

J (Ze7=67./87./142./230./292.1332.1372. cm
-4 N /

e Long tracking region - 1°electron hits 2 tracker planes
e Forward direction most demanding (dense, high energy jets)

 Pixels (CPT) + Strips; several technologies under discussion

.



Tracking Simulation

Performance evaluated from basic layout (LicToy 2.0 program)
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- Central tracks:
Excellent track resolution: Ap,/p? > 6.10“ GeV-'
Excellent impact parameter resolution: - 10um

- Forward / Backward tracks:
Resolution degrades for 6 <~ 5°
At 1°, bending field component = 0.36 T (similar to dipole)



Barrel EM Calorimeter (ATLAS] o e

S\ e

Liquid Argon Barrel EM Calorimeter -~ i

inside coil :

.2.3<n<2.8 e o

- Possibly accordion geometry &l

- 2.2mm lead + 3.8mm LAr layers N

- Total depth ~ 20 X, o SR
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Calorimeters Overview

Current design based on
(experience with) ATLAS
(and H1), re-using
existing technologies

- Barrel HAD calorimeter, outside coil
- 4mm Steel + 3mm Scintilating Tile
2> 7-9\, oc/E ~ 30%//E + 9% [~ ATLAS]

- Forward end-cap silicon + tungsten, to cope with highest
energies & multiplicities, radiation tolerant EM - 30X,, Had—>9A\

- Backward end-cap
Pb+Si for EM (25X;)
Cu+Si for HAD (71)




Muon System

Baseline: Provides tagging, but not momentum measurement
: Angular coverage - 1° vital eg for e.g. elastic J/W
: Technologies used in LHC GPDs and their upgrades

(more than) adequate
- 2 or 3 Superlayers —

- Drift tubes / Cathode strip
chambers - precision

- Resistive plate / Thin Gap
chambers - trigger + 2" coord]

{/ IMEE
-"\‘:..‘L "

Beamline Instrumentation - Forward proton &
neutron tagging
eimy A 100 T 120 _Backward electron
Spezg);?r?eter Zce;ﬁ):i);gg? e ?2;;:: tagg]ng & luminOSity

g monitoring (ep—>epy)



First Thoughts on FCC-he Detector

All Numbers [cm]
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- Shower depths: dimension x In(50/7)~2 fwd, ~1.3 bwd, central
- How to ensure head-on-collisions? [p Crab cavities? Dipoles?]
- Higgs physics - improved muon detectors, b tagging ...




Summary

- Possible LHeC detector solutions
evaluated in some detail

- ldeas shown here based on existing
technologies and do not require significant R&D

- May change in response to machine design
development, physics demands or new good ideas!

- Full detector simulation under development using DD4HEP
tool-kit —> towards a Technical Desigh Report

* More, at LHeC
web - LHeC Study Group (CDR), J Phys G39 (2012) 075001
- Klein & Schopper, CERN Courier, June 2014
lhec.web.cern.ch - Newman & Stasto, Nature.Phys 9.(2013) 448
and ... - Bruening & Klein, Mod Phys Lett A28 (2013) 1130011



