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2 CIVIL ENGINEERING “CRAB” CAVITIES
2 new 300-metre service tunnels and 16 superconducting ,crab"
2 shafts near to ATLAS and CMS, cavities for each of the ATLAS
and CMS experiments to tilt the

beams before collisions.

\
LHC Tunte

FOCUSING MAGNETS

12 more powerful quadrupole magnets
for each of the ATLAS and CMS

experiments, designed to increase the

concentration of the beams before

SUPERCONDUCTING LINKS BENDING MAGNETS
Electrical transmission lines based on a COLLIMATORS 4 pairs of shorter and more
high-temperature superconductor to carry 15 to 20 new collimators and 60 reptacement powerful dipole bending magnets
current to the magnets from the new service collimators to reinforce machine protection, to free up space for the new
tunnels near ATLAS and CMS. collimators.
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Cryogenic BLMs for HL-LHC
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Cryogenic BLMSs for HL-LHC

Low B (pp)
High Luminosity

Overview of LHC ring with four
main experiments
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Requirements of Cryogenic BLMSs

Mechanical requirements:
* total radiation dose of 2MGy,
Superconducting coil * low temperature of 1.9K,

/ Stainless-steel vessel (filled with LHe)

e 20 years, maintenance free
Current BLM operation,
location * resistance to magnetic field of 2T,
i N * resistance to a pressure of 1.1 bar,
Beam pipe Q 1z;md capability of withstggging a
- ast pressure rise up to arin
Aluminium shell case of a magnet quench.

Future Cryogenic  Electronic requirements:

BLM location  direct current readout,

* response linear between 0.1 and
10 mGy/s, and

* response time faster than 100 ps.

Inner Triplet Quadruples (MQXF) for HL-LHC
(MQXFS1 Quadrupole design report)
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Radiation hardness tests
of detectors in cryogenic
temperatures



‘\ December 2012 (Superfluid helium environment of 1.9K)

L-' ;
Vg, H AN
" ) e d \ 3 ® 6 X p*-n-n* silicon detectors, different intrinsic resistivity, 300um thick,
‘ ° \ aluminium metalized.

e 2 X scCVD diamond detectors, 500um thick, titanium and gold metalized.
e Integrated fluence of 1.225(85) - 106 protons/cm?

November 2014 (Liquid helium environment of 4.2K)

e 2 X p*-n-n* silicon detectors, same intrinsic resistivity of 10kQcm, 300um
and 100um thick.

¢ 2 X 3D detectors (silicon and scCVD diamond).
¢ Integrated fluence of 2.83(24) - 105 protons/cm?

October 2015 (Liquid helium environment of 4.2K)

¢ 18 X different p*-n-n* silicon detectors, aluminium metallized.

e 2 X scCVD diamond detectors 300um and 500um thick, chromium and gold
metalized.

¢ Integrated fluence of 6.84(48) - 10> protons/cm?
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Cryogenic apparatus
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Cryogenic Irradiation — October 2015

2 X scCVD diamond detectors from
Element Six SUK) Ltd. (300pm and
500um thick), chromium and gold
metalized at GSI by Mladen Kis.

e 18 X different p*-n-n*silicon
detectors, aluminium metallized.

e 2 X independent DC readout
systems.

* Liguid helium environment of 4.2K.

* Total integrated fluence of 6.84(48) -
10%> protons/cm?,

o C =

* Total dose of for silicon ,
: Mesh metallization ——>
and for diamond, esh metatlization EEEE
 Upto1.1:-10 protons/cm? per spill, ]
* 24 GeV/c particle momentum. HE EEE ;

EEEE|
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Results — charge vs. fluence

Dose (MGy)
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Results — charge vs. fluence
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Results — charge vs. fluence
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Results — charge vs. fluence
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Results — charge vs. fluence

e All detectors
biased by +100V

(reverse bias for
S1 and S2).
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Results — charge vs. V;
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Results — charge vs. V;
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Q/MIPD,(—150V)
=\

= 54.1(33)%

S5

8

@ &

2 £y . 0 = N

t - E S A . L‘%:_T =

g 17 FE ———

> & =

c Lo o

Q i =3

£ g g

- i @

£ ' ;:'

g 1/1.50(10) x 10" protons/cm?| -0 D1

O [D1 and D2: 419(29) kGy, ‘J;fl” D2

© S1 and S2: 400(28) kGy] O S

S S2

O LINLEE B L B B B [rrrrrreyd [rrrrrrorTT [TrrrrrroT BRI BLBLELE I BRRE

-300 -200 -100 0 100 200 300

Voltage (V)

2017-04-03 M. R. Bartosik - HL-LHC WP13 Meeting

An asymmetry of
Q/MIP with
respect to
changing sign of
Vg was observed
when negative Vg
was applied.
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Results — charge vs. V;
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An asymmetry of
Q/MIP with
respect to
changing sign of
Vg was observed
when negative Vg
was applied.
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Results — charge vs. V;
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Results — charge vs. V;

Q/MIPD,(4+300V)

= 106(34)%

Q/MIPD,(—300V) (34) e At the end of the
~ = _ irradiation the
2 | o =3 . o Q/MIP with
= <> :ﬁz.ﬁz‘ﬂ-.. _::'ﬁz > R respect to
o ﬁz%_& g changing sign of
£ o, & Vg was smaller.
S 014 2. o=
- E :E‘:L‘MJ 2 =
£ m G
S - I
£ Lo
= =
S
@ 15 2 bt -0 D1
Q00144 6.49(45) x 10 protons/cm®| D2
S 1 [D1and D2: 1.82(13) MGy,| € o S
‘6" 1181 and S2: 1.73(12) MGy] S92

""""""""" AR AL LR LR R RARL LA AR LARLAR RN LALLLLARRS RARALLLLY

! I
-500 -400 -300 -200 -100 0 100 200 300 400 500
Voltage (V)

2017-04-03 M. R. Bartosik - HL-LHC WP13 Meeting 23



Results — charge vs. V;
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!
-500 -400 -300 -200 -100 0 100 200 300 400 500

During the
irradiation:

Q/MIP,,(+300V)
decreased factor
8.1(28) and

Q/MIP,,(+300V)
decreased factor
7.9(23).
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Results — charge vs. V;
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During the
irradiation:

Q/MIP,,(+300V)
decreased factor
8.1(28) and

Q/MIP,,(+300V)
decreased factor
7.9(23).
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Results — charge vs. V;
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During the
irradiation:

Q/MIP,,(+300V)
decreased factor
8.1(28) and

Q/MIP,,(+300V)
decreased factor
7.9(23).
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Results — charge vs. V;

* During the

Charge per minimum ionizing particle (a.u.)
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Tests of detectors in
magnetic field




Requirements of Cryogenic BLMSs

Mechanical requirements:
* total radiation dose of 2MGy,
* low temperature of 1.9K,

e 20 years, maintenance free
Current BLM operation,

location * resistance to magnetic field of 2T,
N * resistance to a pressure of 1.1 bar,
and capability of withstanding a
fast pressure rise up to 20bar in
case of a magnet quench.

Future Cryogenic  Electronic requirements:

BLM location  direct current readout,

* response linear between 0.1 and
10 mGy/s, and

MQXF - courtesy of Paolo Ferracin * response time faster than 1 ms.
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Diamonds in magnetic field

Transit time of electrons in RT (90deg inclination between electric and magnetic field)
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Diamonds in magnetic field

Transit time of holes in RT (90deg and 60deg inclination between electric and magnetic field)
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Diamonds in magnetic field

NbTi Coil
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Thank you!



