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OPEN TARGET .
(LAB)
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What we did?
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What we did?

o~0.2mm , 144 bunches - 1.5E11 p+ 440 GeV

6~0.2mm , 108 bunches - 1.5E11 p+ 440 GeV

6~2mm , 144 bunches - 1.5E11 p+ 440 GeV




UPPER SIDE OF TARGET’s BOX
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What we did?

T

0~0.2mm , 144 bunches - 1.5E11 p+

T T

6~0.2mm , 108 bunches - 1.5E11 p+

o~2mm , 144 bunches - 1.5E11 p+
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Ok, but we did it?



Accelerators operate with...

... higher energy ...
... higher intensity...
... smaller size...
... beams

LHC beam has an energy of 362 MJ per beam

sufficient to melt 500 kg of copper or
equivalent to



Accelerators operate with...
... higher energy ...
... higher intensity...
... smaller size...
... beams

Kinetic Energy of a 200m train at 155 km/h ~ 360 MJoule



Machine Protection systems are essential to safely
operate high-energy high-density accelerators.

Machine protection systems are not 100% safe.
(accidents can occur)

It is important to understand the consequences of all
possible accidents; specially a full beam loss.

(catastrophic scenario)
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Possible LHC full beam impact scenarios:

Injection kicker failure: injection beam not deflected
OR circulating beam is deflected

Extraction kickers failure: kicker misfire OR wrong
deflection angle OR beam dump system not working
OR etc
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Simulations
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Simulations
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Diamond detectors (pCVD {
SEM detectors
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Results



SPS beam type @ 440 GeV

Relevant parameters of the experiment’s high intensity beam phase

Target Nbunches Ilbunch totall Spacing Size Expectation
1l 144 1.50E+11 2.16E+13 50ns 0.2 mm more tunnelling
| 108 1.50E+11 1.62E+13 50ns 0.2 mm tunnelling

144 1.50E+11 2.16E+13 50ns 2mm  NO tunnelling expected



Energy deposited for 440GeY 2mm 144x1.5E11 p+
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9 80<Hole<90cm
Why the

70 < Hole<80cm .
difference?

beam  Measuréd / /Ato i . A to
Target Nbunbes ll:;:;:cer: sigma Melt}ﬁg Ktarget tS:nmnueI:':‘lo)n[gr;:J] measured
[mm] Distan‘ze [cmy 2 [cm] 8 [cm]
144 1.5E11 0.2 g5+3 / ] 10 : ~69 1615
2 108 1.5E11 0.2 755 J L ~65 1015
1 144 1.5E11 2 55+5 : ~49 65

Comparison between experiment and hydro- simulations (with slightly different parameters)
Experiment Hydrodynamic tunnelling speed: D3-D2/At= 10 cm/1.8us =5.5 cm/us
Hydrodynamic simulations (¢=0.1 mm, 288+1.15 E11 protons, 440GeV, 25 ns) § cm/us
Hydrodynamic simulations (c=0.5 mm, 288+1.15 E11 protons, 440GeV, 25 ns) S cm/us
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Conclusions

* Evidence of hydrodynamic tunneling has been observed in the
experiment (target 3 w.r.t Target 2). SUCCESS.

* Results are compatible with simulations however better
measurements (e.g. ultrasounds) are required to reduce uncertainty.

* Hydrodynamic simulations with the same parameters as the
experiment are needed to fully confirm tunnelling and validate
simulations.

* To continue studying these effects and simulation results new
experiments are suggested.

* New diamond detectors performed well under high radiation
environment. Although, an improved version with more HV
capacitance is suggested. (ID: 2387 - THPEA047 - F. Burkart et. al)
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Corrected signals
for target 3

(144 bunches, 5S0ns, 0.2 mm sigma)
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Corrected signals
target 2

(108 bunches, S0ns, 0.2 mm sigma)
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Microphones

HiRadMat Experimental Area

Experimental Experimental Experimental
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Microphones

Microphone Signal during Impact
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Microphones

Peak Amplitude vs. Beam Intensity
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Microphones

Target 3
Single bunch 4.5E10 protons y
Beam sound

Target 3

Full beam 144 bunches

1.5E11 protons/bunch o
Beam sound
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UPPER SIDE OF TARGET’s BOX

Hole <90 cm

‘Why the

< °
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Hole < 60 cm




Simulations

LHC beam into Graphite:
7 TeV
2808 bunches 1.15E11 p+
o beam = (0.5 mm
25 ns bunch to bunch space
S cm radius x 6 m length graphite target
beam collinear with target’s axis
front face irradiation

Real Scenario:

Wrong deflection angle at LHC extraction. Beam
impacts the 6 m TCDQ carbon fiber collimator at
point 6.

Juan Blaneo
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Simulations

Drrsity (g

= T )
Target Lempsh dem)

Density (g/cc)
Along beam axis

Enengy (kg

i L {00
Terget Lemgzsh {om)

Spec. Energy (g/cc)
Along beam axis

Tempszraiure f K0

Pressure (CilFa)

== =
Targei Length {cm)

Temperature (K) Pressure (GPa)

Along beam axis Along beam axis

The high energy density deposited by the beam
vaporizes the material and also creates a pressure
wave that transports material outwards in the radial
direction further decreasing the density along the
axis.

Following bunches will interact with the target
further inside. The energy deposition region will
move further inside.
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Simulations

Simulations show:

After 15us the temperature reaches ~9100 K and
pressure is 7 kbar -> Warm Dense Matter (WDM)

The density depletion region moves at ~25 cm/us,
after 89us the beam will melt 21 m of copper

TCDQ collimator will not stop the whole LHC beam
however a part of the beam energy will be
dissipated on the collimator and the remaining
energy will be highly diluted.
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Simulations need to be verified with an experiment

LHC beam type experiment is infeasible

For this reason, SPS beam type simulations were
done. Using the same methodology and codes.



Simulations

SPS beam into Copper:
450 GeV
288 bunches 1.15E11 p+
6 beam = 0.5/0.2/0.1 mm
25 ns bunch to bunch space
S cm radius x 1.5 m length copper target
beam collinear with target’s axis
front face irradiation
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Simulations

— t=1.0us

o o === t=30pus — .y
E ofh T L pmem b= 30 Us 3 % 1500 &
& Fey @ e =TS g )
== E 3
B4 2 5000 Z

- B
=] e 2

{lu 5 : I :_ L.;.r::_:un.u.jn...u...ﬁ...u.;.. .;...a.“.‘;..u.“. st _.'_ﬁ-- ’ 9
’ ﬂ::‘:r'lindc:ﬁxjs(mn}m . . i ' Cﬂind-erﬁ.xlﬂlx'p "’ > ﬂu * Sc(t‘:.rlmdn:r?:.m [::mllm = o
Density (g/cc) Temperature (K) Pressure (GPa)
Along beam axis Along beam axis Along beam axis

Tunneling effect also present with a velocity of 5cm/us
Peak temperature 10.000 K
Peak pressure ~4 GPa

Juan Blanco




Simulations

Main Objectives:
Reproduce the hydrodynamic tunneling observed

Measure hydrodynamic tunneling (opening target)

Validate SPS simulations -> gain confidence with
LHC simulations

Other Objectives:

Capture hydrodynamic tunneling evolution with
detectors
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Location of HiRadMat
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EX Layout of Experimental Area

Vacuum
window
x ®\@ QD\& """" ; Beam
- XXXPD dump
/ \Vv Beam /
Focal point BPKG 2m
positions —>

® Flexible optics to provide beam radii of 6 =0.1to
2.0 mm at the focal points.

® Focal point longitudinal location continuously variable
between positions 1 and 3.

® Predefined optics for 3 focal points and 6 beam sizes.
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Experiment

Design
3 copper targets , 4 cm radius 150 cm length
each target is composed of 15 blocks of 10 cm
1 cm block to block separation

aluminum box enclosures targets (except front and
rear faces)

box can be open in two parts, exposing the targets

front and rear faces are covered with an aluminum
cylinder with a 1 cm hole (d)
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Experiment

Constrains

Avoid damage to surroundings. Copper blocks
may not explode or crack.

Avoid contamination. Aluminum box and front
cylinders may confine all ejected material.

Allow visual inspection. Experiment needs to be
opened after irradiation and cool-down time.

Juan Blanco




Avoid damage

SPS simulation (0.5mm)
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(N Avoid contamination

Sp—

SPS simulatiqnm(:qs.‘an[r\m)

34) velocity-x[km/s] T

il
Simulation shows that after 4500ns (180bunches) the peak
temperature on the front face is 3280 K and density is 6.6

m g/cc, the material is mostly in expanded hot liquid state il
with little gas bubbles. The cohesion forces of the liquid will

« = make it remain together. Any gas bubble will solidify in .

contact with the aluminum cylinder. "

Temperature (K) Density (g/cc)



Detectors

Detectors:
3 pCVD diamond detectors
3 LHC Secondary Electron Emission Monitors
8 PT100 temperature sensors
4 strain gauges

Temperature sensors

Diamond 1 Diamond 2 Diamond 3

1 O ]

Target 3

SEM 1 SEM 2 SEM 3

» Target?2

Target 1

:

10 cm lcm

!
10x15 + 1x14 = 164 cm



pCVD

Avoid damage to surroundings. Copper blocks may not
explode or crack.

Avoid contamination. Aluminum box and front cylinders
may confine all ejected material.

Allow visual inspection. Experiment needs to be opened
after irradiation and cool-down time.
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Diamond detector signal
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/)

o Diamond detector linearity

® Diamond detectors have a good linearity for a wide intensity range.

® Tested different bias voltage across the detectors and its influence on the
signal.

x 101 signal vs intensity for diamond 3

1.4F e
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intensity [p+]

0 0.5 1 1.5 2 25 3 35
signal [Cb] %1078



Multi-bunch
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0 1000 2000 3000 4000 5000 6000
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Multi-bunch
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SEM detectors
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ST

< 10 mbar

Secondary
electrons

Bias E field

Steel vessel
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Allow inspection

Figure 8.11: Target design
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