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Outline

* Asynchronous dump: what is it?

* A modified SixTrack collimation routine.
* Pre- and Post-processing steps.

* Validation of the simulation set-up.

* Conclusions & possible future works.
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Fast losses happens when one or all of MKDs not
synchronously fired with the abort gap.

A

DANGER
A beam dump system fault could lead to severe damage

on LHC machine components.




Motivation 11*?1"#65 !;
t

During the operation of LHC, a single asynchronous beam dump accident
happened on November 19th 2010, without critical consequences.

Afterward, the protection against fast beam failures has been improved.

[REF: C. Bracco et al., LBDS and abort gap cleaning , Proc. EVIAN workshop, France (2010).]

However, it has to be pointed out that this kind of accident remains a
concern for the future.

The risk of severe damage increases with the beam intensity and energy.

For this reason, efforts are put in developing simulation tools.




A modified SixTrack collimation routine

The advantage is ....

... to allow studies of asynchronous dump with the whole
LHC collimation system in place, including studies of
different errors (i.e. setting, orbit and optics errors) =2 to
understand realistic loss cases, from the whole LHC
e: collimation point of view.

R




A modified SixTrack collimation routine

1. fort.3 modified to allow different angular values for each
MKDs @ IP6 (2 lines added @ the end of the file, with

logics 1 — 0O for activation €< -2 sixve.f routine modified to
read the input data)

For each of the 15 MKDs for both . /
Beam lines data are extracted
from the MKD pulse form.
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A modified SixTrack collimation routine

2. Intrack.f = collimation subroutine modified =2 15 new
vacuum TCSGs at the place of each MKDs.

TURN 1 = coll. set in nominal position as in CollDB
TURN 2 = angular kick in fort.3 applied to each MKD
TURN 3 = dump (i.e. max kick applied to each MKD)

The collimator are
put in place with

respect to the optic
scenario under
study




A modified SixTrack collimation routine

3. In CollDB the TCSGs@MKDs are added, the “first” one met
by the beam is closed to allow to recover all data in
tracks2.dat output file.

» To allow any checks on
lmportant orbit and tracked protons
Information when any kick is applied at

the location of each MKDs,
during each turn.
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— . &ibez (my1x) (L0 3) eq. "ICO .or.nez(mylxg E!!! . Eq. Ec& ! 0L, !

&ihez (myix) (1:3). eq. 'T0OI'. or. bez (myix) (1:3) . eq. 'td1') .or. &
{ UPGRADE MAT 2006 -» TOTEM
&ibez (myix) (1:3). eq. 'TCX'.or.bez{myix) (1:3). eq. 'tex') . or. &

T Q42008 adding TORYD

[ ? &(bez (myix) (1:3) . eq. 'TCR'. or. bez (nyix) (1:3) . eq. 'ter') . or. &
IRHTC
W e re I n t ra C &ibez (myix) (1:3). eq. 'GOL'. or. bez (myix) (1:3) . eq. 'col') ) then
L L | GRD wWrite(*, *) pezimyix}, ‘foundii’

-

{APRTLZ005
mylktrack = 1
else
nyktrack = ktrack(i)
endif
¢
! writel*, *}) ‘ralphr Element name: °, bezimvix), kirack{i},
i & myktrack
I
goto(10, 30, 740, 650, 650, 650, 650, 650, 650, 650, 50, 70, 90, 110, 130, &
&150, 170, 190, 210, 230, 440, 460, 480, 500, 520, 540, 550, 580, 600, 620, &
&640,410, 250, 270, 290, 310, 330, 350, 370, 390, 680, 700, 720, 730, 748, &
&G650, 650, 650, 650, 650, 745, 746}, nyktrack
goto 650
10 stracki=strack (i)

;’Ra}_pé cdrift length Is stracki
fheziixn! Iz name of orift

£ GRD
£ GRD
totals=totals+strackl
i writef*, *) ‘ralphy Drift, total length. *, stracki, totals

I
frd IF we Aave & collimstor then. .
!

{FebZ006

{GRD (June 2005}
i

e new naning 235 in Ve 500,
that this must He In the loop *if TOSGY1S

At the beginning at the
THING6D routine
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012 modification for asy cump studies - Inisells

i If we fave a kick in 3 Znd turn. . ..
if(a_kick. ge. 1) then

if({(iturn. eq. 2) . and. &
&((hez (myix) (1:4).eq. 'TCSGE' ). or. (hez(myix) (1:4) eq. 'tesg')). and. &
&((hez (myix) (10:11) . eq. 'ME' ). or. (hez(myix) (10:11) . eq. 'nk'}))) then

output fort 91 in order Zo check ithe Input doata

write(91, *) iturn, bez(myix), icoll,zw(l,1),yv(l,1)

£ to changs for each MED the fire angle
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1f({(hez(myix) (6:8) . eq. '406'). or.
(bez (myix) (6:8).eq. 'dok')) then
do 717i-1, napx
) yv (L, 13370 =yw (1. J333)+a_mkd_o516
gt 120 in order to check Iif the kick is spplied to the MED. O
write (120, #) iturn,zv(1l,3).yv (1, 3)
enddo




Pre-Processing steps

1. The SixTrack collimation routine has been
modified to start the tracking @ IP1 as
usual.

2. Input used: random Gaussian distributions
of p+, created at the IP1 (created by a
MATLAB scripts).

1. Each kick data in fort.3 is extracted from :
the MKD pulse form in such a way to allow i
any combination of kick angle (using i
auxiliary bash scripts).
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it Combination of kick angles

1. CASE 1: Studies of asynchronous dump tests (abort gap population) 2
mapping on all the MKD pulse form for any angle = step of 50 or 25ns.

[REF: L.Lari et al. Simulations and Measurements of Beam Losses on LHC Collimators during Beam Abort Failures, IPAC13, Shanghai, China]

2. CASE 2: Studies of asynchronous dump for the most critical bunches

a ngl @S. [REF: L.Lari et al. Studies of thermal loads on collimators for HL-LHC Optics in case of fast losses, IPAC13, Shanghai, China]

3 CASE 3 . StUd|eS Of Optlcs errors [REF: R.Bruce, Collimator hierarchy limits: assumptions and impact

on machine protection and performance, MPP workshop, Mar 2013 ]

1 3. 9280474209999995:-3 3.85490669399999756-5 2. 2529674e-5 9. T1415999999998Te-6 -5, 392442048446328-21 0.0 0.0

‘w 0.0 0.0000000

mbhas. 1rl
NEXT
MULT
mbzor. adrl 1.7000000000e+01 1.8817477910e-01

1.7000000000e+01 1.0000000000e+03 1 Llnk MADX OUtpUt flle

0. 0. 0. 0.
0. 1. 0. 0.
HEXT
MULT
mbrec.4rl.bl. .1 1.7000000000e+01 2. BE2eE16866e-01
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Post—Processing steps

To allow qualitative comparison with BLM data, primary
protons losses saved in the LPI files are cleaned by the losses
supposed to go in the dump line (i.e. at the 2nd turn for big
kick and at the 3rd turn when it is supposed to dump).

<& 2> not consider all
the p+ after the last
MKD and the TCDS.




Some numbers

As reference CASE 1:

INPUT

* 4800 p+ (=64x75) for each of the 10 job per angle
 Total per angle = 48000 p+

 Total per all the 142 angles = 6'816’000 p+

OUTPUT (all the case in average)
* Tot primary p+ absorbed LPI 1’850°000 (~27% input p+)
* Tot primary p+ absorbed coll 1’600’000 (~23% input p+)




Validation of the simulation set-up

June 2012
4TeV nom. Optics + out 1.5 mm @IP6
+ 1 mm out 3 TCSG +1 TCLA @IP7
+10 in the most exposed TCT @IP1
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Thin lens = optic ‘as-built’ V6.503 : [afs/cern.ch/eng/lhc/optics/VV6.503/V6.5.thin.seq
'L*igh, . [afs/cern.ch/eng/Ihc/optics/VV6.503/V6.5.thin.coll_special.4.0TeV_0.6m3m0.6m3m.str
tHe Y Configuration 1 : /afs/cern.ch/eng/Ihc/optics/V6.503/job.sample.4.0TeV.madx

[REF: L.Lari et al. Simulations and Measurements of Beam Losses on LHC

Collimators during Beam Abort Failures, IPAC13, Shanghai, China]
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Validation of the simulation set-up

November 2012
4TeV nom. Optics + out 1.5 mm @IP6
+10 in the most exposed TCT @IP1
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tHe Y Configuration 1 : /afs/cern.ch/eng/Ihc/optics/V6.503/job.sample.4.0TeV.madx
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[REF: L.Lari et al. Simulations and Measurements of Beam Losses on LHC

Collimators during Beam Abort Failures, IPAC13, Shanghai, China]




Validation of the simulation set-up

BLMs data

z 10 —
From the 2 MDs the losses °° 10"
on TCP are different = =1
SixTrack study spanning ‘124_ _________
over a range of normalized e
[ 10°
107 194[00l ! |19I6|00

T T T T I_l_(l:old | T T T

— collimator
— warm

MD JUN 2012
-IP7 zoom -

19800 20000 20200 20400 2060(

s [m]

—
= O

Loclnmg inefficency
—
<
r

,_
o
[=}
[ LTI T

—
O
3
=]

High
Luminosity
LHC

19600

T T T T T T (I:old T | T T T
— collimator
—— warm

MD NOV_2012
-IP7 zoom -

19800 20000 20200 20400 2060(

s [m]

R

16



Conclusions

 The modified SixTrack collimation routine was presented for LHC
asynchronous dump studies, including qualitative comparison with
data.

« The advantage of this modification is to allow accidental studies with
the whole collimation system in place for actual and future optics
scenarios including different realistic/pessimistic errors.

« SixTrack output data have been used for following FLUKA and
structural analysis studies, in particular on most delicate collimators
(such as W jaws TCTS) to evaluate limits of plastic deformation and
to investigate different mitigation actions.

* In such a context, the evaluation of mechanical response for different
Impacts in time sequence (e.g. each 25ns) could be the subject of
future work.
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