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I will speak a bit about 3 different subjects:

1. GST and machine data
« G6ST and FAIR project
 Archiving and analysing machine data
« Simple pagel

2. Thermal simulations of thin targets

3. Ionization Profile Monitors -

simulation community



GSI now F@iﬁ

Main components:

Ring accelerator
SIS18

1. Ton Sources

lon sources

2.UNILAC (1975)

3.5I5-18 coparator FRS

4. HEST ctorage fing ESR
Main control room

5, ESR (exper'lmen"l‘) Experimental hall | E Experimental hall Il

6. CryRing (starting soon)

Currently: 2-year shutdown period.



GSI| now

3-11.4 MeV/u
Protons-
Uranium

Inside UNILAC Alvarez tank, (108 MHz), design optimized for U28*
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Accelerator complex growing by factor ~4

Status:
« GaF (6SI connection to FAIR)
pPOJZCT S'|'C(r"|'ed ep SIS-100 / SIS 300
* Calls for tender AR \
for SIS-100 PR gy Tl | R\
excavation and \‘ & 4 L
tunnel + bLllldthS --‘@ ...... \?‘%& . / Arre )
construction - ;.a F \esn /e /
works issued. craive 7 -
« Expected start: -
mid-2017

. plasma physics

« Total 5 new o
. atomic physics
mClChIHZS C(nd @ biophysics and material research
a few km of beam lines
will be constructed




GSl-beamtime 2016

* 4-months of beam time: April 25 - July 21
« Example: May

v12.0/17.06.16
10 | 11 ‘14| 15| 16 | 17 19 | 20 g
Di | Mi Mo i Do | fr
12-CZ6
UNILAC 1 U303 Blazevic U300 Yakushev
5,5-5,9 MeV/u
197-Au XO 197-Au XO { :
UNILAC 2 RSN RS UMAT Toimil
4,8 MeV/u 5.9 MeV/u
UNILAC 3
UNILAC 4
UNILAC 5
1 2 3 4 5 6 7 8 9 10|11 ] 12113 |14 )15 16| 17|18 19|20 2122 [23] 24| 25| 26|27 ]| 28] 29| 30] 31
SIS1
238-U HFS
SIS 2 Scheidenberger
SIS3
238-U HFS
SIS4
SISS
ESR
1 2 3 4 5 6 7 8 910111213 |14 15| 16| 17| 18| 19| 20| 21| 22 [ 23
So [Mo| Di | Mi[Do ] Fr [ Sa | So |Mo| Di | Mi| Do | Fr | Sa| So |Mo| Di | Mi | Do | Fr | Sa | So | Mo




| GSI| — machine data FG\":!

_________Archived ______|Notarchived _|Remarks ___

Sources Magnets, extraction Special format,
voltages, etc... one file per day
per 3 sources
UNILAC Magnets, RF Intensity, Settings are
(machine settings), transverse logged every
intensity (1 shot profile, pulse hour + on
every 100000) shape demand
SIS18 High-level setting Transverse
logged on change, profiles, bunch
Intensity (expert shape, position,
logging) tune, beam loss
HEST Magnets (machine Intensity, As for UNILAC
settings) transverse
profiles, spill
structure

A lot of data are saved for machine experiments, but not archived
regularly (eg. BPM raw data, beam profiles, etc.)
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1. CERN central logging (archiving) service:
» for LEP since 1992
« for LHC (and the rest of the complex) since 2004
« Only in 2013 about 1 million signals archived - total: 50 TB.
« Very intense use of the data, online and offline
2. Ofther facilities also have large scale archiving (eg. Diamond, UK)
« General Data Acquisition concept, 100,000 signals
3. J-PARC: EPICS-based system (how many channels?)

4. GSI - no central data archiving service.



“oxon oson  ores 1w 1300
— ATIAS — AUCE — M5 — LHEW

Clobal Beam Permit

PM Status

Firefox.

Beam Destinations of Accel

GSI...




3.

beam current [A]

Page 1 (ll)

GSI: page 1 is planned (for 2018), but not existing.
Operation status is available in Electronic Logbook, buft:

« not public

« difficult to access from outside GSI, so:
Using python it was easy to make a simple, ‘private’ page 1,

showing evolution of various beams in UNILAC and SIS-18.
\ast updated: Sat 02 Jul 02:21 http://web-docs.gsi.de/~sapinski/pagel.html

- VA2: 48Ca to UY7
] VA3: 48Ca to UXO
VA4: 48Ca to UMI1
VAS: 48Ca to UN7
VA6,7,8,9:
15CH->C to SIS-18

107

QP 0 0 Q0 Q0 QO Q0 QP QP
Q- Q) b Qe Q- Q- Q- QO QO
o O N N DN I D
local time



Data archiving for 2016 (l)

1. Schematics (for Beam Current Transformers):

accelerator network general network
Controls Linux cluster

Computer
‘ DAQ | web server |
serverl

evacce

interface storage

« about 2 million records in 3.5 months

2. Outcome:

« ~two users (+ me):
« Beam-time coordinator (sometimes).

«  Experimentator who later looked for good data.

1



Data archiving for 2016 (ll)

September: analysis of July 18™ data

U-beam current [emA]

—

stripping efficiency = 21.5%

beam transmission = 88%

U28+

HSI

ALVAREZ1

ALVAREZ 2

Charge Separator

Courtesy W. Barth

Test of ion stripping using hydrogen gas stripper.

12



Other data:

~15,000 beam profiles using
Beam Fluorescence Monitor
~200,000 records of tunnel
temperature and humidity
(sensors based on Raspberry Pi,
hobby project of R.Haseitl)

~ 10,000 beam profiles using
IPMs on SIS18

Some BPM data

A copy of machine setting data
(saved by control system)

All together: ~50 GB of data

°C/%

T 200+ BEAY

ooooooooo
x=125613 y=7.97662  Customize

10 i 10
lot preview:
16
;‘ 14
a1
g 10
28 . o
B s rtesy D.Vilsmeier
260 -40 =20 0 20 40

60

UA4 May 2016

UA4_Temperature
UA4_Humidity

40

35

30
25
20

15
May 1 May 8
2016

May 15 May 22 May 29

Time
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Data analysis

Analyzing UNILAC setting of one of the most often used beams:

238 o SIS18.

transmission [%]

transmission evolution (cus2pT5-6UA4DT5)

transmission history from 2014-08-01 till 2014-12-30

o> o o ot o ot

remarks:

in 2016 we have MUCH better data

140 -y
120F
100-

8o}/

14
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Analyzing UNILAC setting of one of the most often used beams:

238 o SIS18.

Correlations between magnet field and fransmission

distribution of corr. coeffs: voltage/transmission

GUL4QT12
GUL4QT13
GUL5QD21
GUL5QD22
GUL5QT31
GUL5QT32

Entries

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
correlation coefficient

bW AR NI I B \iagnet | Corr.coeff

-0.725
0.719
0.744
-0.697
-0.729
-0.672

Interestingly magnets at the beginning of linac seem to

have the largest impact on transmission downstream.

15
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python GST Accelerator Data Analysis (pyGADA)

1.

2
3.
4.
5

(another one) set of python modules to look at machine data.
Modular staructure, easy to use.

Continously in development (data-mining techniques).
Intended for wider use (not only personal).

Intended to be used in the future

(with new, professional archiving system).

16



FAIR Data Archiving System

New system, recently

s ememe U Operaton Layer
V. '8 conﬁgur;‘_) 7 < 7 |7 configure
specified and send to o e
Data Collector  store DB Service query / Data Reducer
o - H
external company for

detailed evaluation and later

implementation.
Prototype should
be ready for

2018 run.

(Apache Cassandra?)

f -- 1
- 4 V4 -

Processing Layer

scalability and
high availability

Equipment Layer

Figure 1: System Overview

Parameter Value

Amount of monitorable devices 2032

Total amount of monitorable variables ~50000
Incoming data load ~10 MB/s
Required data buffer (short time storage) ~5 TB/week
Required data storage (long term storage)* 5 — 10 TBlyear

17
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1. Machine data archiving is being developed for FAIR/GSI.
Crucial for commissioning of large, complex machines!

2. An attempt to archive some data in 2016 - partial success.

3. A set of python analysis modules prepared.

4. In the future some data analysis should be done by operators, so
that they can better understand their machine.

5. pagel is an important operational tool - for 2018.

18



Heat transfer in thin targets

Heat transfer in thin targets

19



Origin of the problem:
Up to what beam intensity

can we use wire scanners

EHT=1

Mag =

Detectol
Pa 1 =4.407 um

Pb1=3312°

10um
|
[

P EHT = 15.00 kv LHC WD= 18mm
EN] Detector = SE1 C whe Date :20 Dec 2010
A Mag- 50X BWS SU4R Maud Scheubel ENMME-MM




Wire breakage experiments

October 23™ 2008, SPS beam

Special long cycle, coasting beam (reduce RF effect)
2 fibers broken

Nch O'| o.t Ebeam Vwire
[mm] [mm] [GeV] [cm/s]

2.4:1013 0.57 0.73 400 50

2.2:1013 0.73 0.57 400 70
% last scan | %o.m} last scan -
Ty =07 mis ] - v=0.5m/s -
L 0.03— —
o.ozf— —
I 0.01; —
mA . L i L | [T R i 11

0" 10000 ~-5000 ' 0™"8000 -4000 -2000 0 2000 4000

wire position [um] wire position [um]
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Heat transfer in thin targets

Questions:

1. What is the damage mechanism?
2. What is the maximum intensity?

3. How to improve?

CERN flying wire systems:

1. Wire 32 ym, imported from Los Alamos in 1980s’
(no material data sheet)
2. In SPS - rotational scanners up to 10 m/s

3. InLHC - linear scanners 1 m/s

GST:
No flying wires, but SEM grids



| Heat transfer model F@h

Heat transfer model:

heat
capacity radiative
cooling

\ /

ANpite AT

E = Ve,  (T)—
PAL peVep(T) At / conductive

AT «— '
- AradEJ(T4 o Timb) o /\(T)AdA_y Coo“ng

. 2kpT
thermionic . — A _4(¢+ —=)Ju(y) + C(y)ARJZ,_,,
cooling Qe
An
- Hsub_ I
At \ \ reheating from
~ compensation
sublfmaflon current
cooling

| A, CERN AB-2008-030-BI

y Sublimation rate is also simulated!

23



| Heat transfer model FG\":!

Heat transfer model:

1. Numerical solution necessary:
« Initially a flat ROOT script created — now python (pyTT)
2. Several wire-damaging experiments:
«  Carbon Fiber Damage in Particle Beam, HB2010, CERN-BE-2011-03
« LHC magnet quench test with beam loss generated by wire scan ,
IPAC11, WEPC173, CERN-ATS-2011-062
«  Beam Interaction with Thin Materials: Heat Deposition, Cooling
Phenomena and Damage Limits, BIW12, CERN-ATS-2012-155
3. Other resources:
« http://sapinski.web.cern.ch/sapinski/physics/thin/Wire html

« http://sapinski.web.cern.ch/sapinski/soft/pyTT/index.html
24
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In thin targets the normal Landau deposited energy distribution

(from Bethe-Bloch dE/dx) is altered:

« Micrometer scale: significant fluctuations of energy deposit
(usually not reproduced by standard codes)

« Up to mm scale:

1.8

energy loss follows
Bethe-Bloch,

but energy deposit
is affected by
kick-off electrons

-
2]

—_
LY

Geant 4.10.01

—
[a%]
T

target dE/dx [MeV . cm?/g]
=

0.81
¢—¢ p 3 GeV on Tungsten
1073 1072 107" 109 10" 102 10°

diameter [mm]
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Specific heat as a function of temperature

- important part of the model because heating is so fast that
cooling processes are ineffective (up to ~ 3000 K maximum

temperature defined by heat capacity)

3

p

graphite specific heat ¢ [J/g K]

| ! ! | I | ! ! | I | | I | | ! |
0 1000 2000 3000 4000

wire temperature T [K]



Thermionic cooling

Thermionic cooling is critical above ~3000 K.

In case of carbon it stabilizes temperature at the point where slow

sublimation of the material takes place.

CERN LHC Flying Wire

3000 -10.06 . .

2 2500} _ _ Joos_ Place for interesting

La00f SN N o L .

Swool / /N \ fomss optimization:

EIDDDE : 8 ) )
500}  Increase thermionic

cooling by external

%350077777717,,,,_E
2 3000} .
§2500— ‘ Yo : : : : 5_15 = f'eld?
E 1500f /AN S — N R e R -] 1-U-§ ° Lowerl grlaphl-re Woruk
gwol S N S8
T 5007 R S U PN AU S - .
§ 0000 0001 0002 0003 0004 0005 0006 0007 " funCTlon bY Sur'f(lce
time [s]
treatment?

In LHC wire scanners operate in
controlled sublimation mode.

27



Relative power of various coolings

o
o)

fraction of total T change: dT__ /dT,,
=

o
B =)
I

o
N
|

—
I

1500 2000 2500 3000

FSOO

max

Thermionic dominates at very high temperatures.

Conductive
Radiative

Thermionic

28



o,= 8.8 mm
o,= 8.9 mm
E...n=3 GeV
N= 3.48-10"3p
Tov™ O US
d,:o=7 Mm

wire

=5mls

WI re

No sublimation

550 |
X 500 |
Qv
S 4501}
©
= 400}
o
E 350}
W

~ 300

maximum temperature [K]

250

1000 |
800 |
600 |

400 F

0.000 0.005 0.010 0.015 0.020 0.025

-30 -20 -10 0 10 20 30

Ir'u'w:il'irm [mm]I 1e9

q axumum ‘remperm‘ure

time [s]



UCase 2: MR flying wire at 30 GeV FG\'R

J]-PARC Main Ring Flying Wire

ol ____________________ +\\ _______________ _________ loos

_ 600}

O'y= 3.12 mm %550-
S 500}

— © a50]
Epeam=30 GeV &
3 350}

N= 3481013p 300

250

o,= 3.09 mm

Tov™ O US

(K
]
o
(=]
o

dwire= 7 Hm

v
3 : : : : : : : v
© 1500k | AN S e e R i - =
8 5 ; a a : a : 1° s
. £ : : : : : : : "
Vere 5 mls 2 1000k 1/ 0 N S S U SR AR AU 104 2
£ | | : r : | | 8
5 | | | | | | 5
Safe as well, accordingto £ sepol. /... \ . S S S o B R R
. I ! ! ! ! : ! !
this model at CERN we £ ; ; ; ; ; ; ; 0.0
reach 3500 KI 0.000 0002 0004 0006 0008 0010 0012 0014 0016

time [s]



LICase 3: MWPM at linac extraction FG\":!

J-PARC Multi-Wire Profile Monitor

o,= 1.3 mm
o,= 1.5 mm
E,cor=400 MeV
N=4-10"3 p (half of maximum
One pulse every 1 s
Simulation: (-1 o,, 0.1 0,)
dyire= 100 pm, W

ture [K]

RgLe

tem

TN T T T T
Au on surface (why?) . y
Viire™ 0.1 mm step every :1500T ............................................................. \ ........ 083
3 {06 ¢
second gwooi\é?ol .E;ehr.i.ng..\ ..... \ .................. \ ....... 04%‘1’5
E | ' ' ' | 1M¢
: After 1s wire cools g
Remarks: conductive coolings %0y~ d’dwh'"fé"dbbw1'1'0”0“1'(" .............. f02%
off, simulation started at-1 = ——— 5"
mm from the beam center tme ]

Safe intensity: < 2 -1013p. a1



LICase 3: MWPM at linac extraction FG\lR

Thermionic current:
- At half intensity thermionic £ o=/
current reaches 1.2 nA.
At full intensity temperature ™|
should reach 2500 K and u
thermionic current 20 pAl "
.| T.Spickermann, Hm
ICFA-HB2004
: // \
- 5
el y (mLm
e L 0 . X

ignal [V] 0.0 0.5 1.0 15 2.%
time [s] 2
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* Interest in RF-heating was
expressed.

Light ivtenszity
rtzo
100

80
60

« CERN experience: wire "
breakage in LEP (electron

beam) and in SPS (LHC-
type beam) due to beam-

40

F20
Jo > Wrelength

beam

wire coupling. In SPS with LHC beam: CERN-AB-2003-067-BI
 Remedy: installation of
ferrites to dump RF power

 Measurements with antenna and Spectrum Analyzer:

F.Roncarolo et al., Proceedings of DIPAC 2003
- Wire Scanner tank acts as a cavity with high impedance close to beam
spectrum maximum.



RF-heating

» Heating due to RF coupling affects also LHC beams
(CERN-AB-2003-067-BI)

» The effect can be calculated using Ansoft HFSS.

PIP,

10 °F

10 °f

10 °F

-1

Total relative loss as a

function of frequency.

0 mm offset
—=—2 mm offset |
5 mm offset
——10 mm offset

—— 20 mm offset

2

10

10°

Frequency [MHz]
M. S., T. Kroyer, "Operational limits of wire scanners on LHC beam"”, BIW2008

Pawar [dBW]

Power distribution

Bunch spectrum for Ra[Z}=110
4 langth=1.06 ns, nominal LHC baam attop anargy

—»— cos® pralile, F,_=15.1697 W
o= Gaussian profile, P_=11.4115W

_1ool i i i i i i i .
a 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Fraquancy [MHz]
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1. Wire scanners, SEM-grids, foils often operate at extreme
conditions.

2. The maximum temperature depends on beam pulse intensity and
heat capacity of the target.

3. Inextreme cases thermionic emission is a main, very powerful
cooling mechanism.

4. A python code to investigate heat transfer and sublimation has

been developed (1D case for now).



Sl Pusimuaton i

Tonization Profile Monitor
simulations
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Simulations of lonization Profile Monitor:

« Effect of beam space charge on measured profile
« Effect of electric and magnetic field uniformity

« Effect from background electrons

ion detection

B

electron detection
37
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Signal distortion in LHC IPM due to space charge:

- [T rrrr1

" 1 450 GeV

E
7

:

%

|
=
e
@
<

au.

—— Wire scanmer

0E- — BG ] 0.8 — BGI

0.8

OG- —
04— — 0.4 =]
0.z — 0.2 —

.i..' i i i AN O AR B AN RN AN AN AN RN AN AN & = (1] [N | 1
-04 03 -0.2 -0.1 o 01 oz 0 0.4 -04 -0.3 -02 -1 ) 01 oz _03 0.4

position/\ B [mm/{m] position/{ f [mm/ m]

LHC and ion beam: good agreement with the Wire Scanner at
injection, at 4 ZTeV additional broadening due to beam
space charge not compensated by 0.2 T magnetic field.



S IPM simulations — space charge FG\":!

= Observed beam profile is broader

£ 1

than expected. 2
Sos
The beam space-charge kicks °
electrons increasing their B
0.2

gyroradius.

|||||||||||||

- PyECLOUD simulations LHC, 4 TeV

- expected
" measured

.............................

emittance 1.1 um _:

The gyroradius depends on the
location of the electron inside the
beam.
Magnetic field increase, from 0.2 T
to 1 T solves the issue but is
expensive

(large aperture strong dipole).

1 1.5
position [mm]

— initial

—final

L]
10?

2



| IPM background electrons FG\":!

Signal in LHC IPM during scrubbing

— large electron cloud effect:

10000 — __ April 10th 12:52
8000 _ April 6th 02:40
6000 _ April 11th 07:13

4000

2000




IPM simulation codes

Several simulation codes have been written to account for

various effecs in IPMs (see D. Vilsmeier et al., IBIC16, TUPG71

and https://indico.cern.ch/event/491615/).

Name/Lab Language lonization Guiding Beam Tracking
field shape field
GSI code C++ simple uniform parabolic 3D analytic numeric
DDCS E.B 3D relativ. R-K 4™ order
PyECLOUD-BGI python realistic uniform Gauss 2D analytic analytic
/CERN DDCS E.B 3D relativ. only
FNAL MATLAB simple 3D map arbitrary 3D numeric num. MATLAB
SDCS E.B relativ. (E and B) rel. eq. of motion
ISIS C++ at rest CST map arbitrary 2D numeric (CST) numeric
E only (CST) non-relativ. Euler 22 order
IFMIF C++ at rest Lorenz-3E map  General. numeric (Lorenz-3E)
E only Gauss non-relativ.
ESS MATLAB at rest uniform Gauss 3D numeric (MATLAB) numeric
P E.B 3D relativ. MATLAB R-K
[PMSim3D python realistic 2D/3Dmap Gauss 2D numeric (SOR) numeric
/J-PARC DDCS E.B 3D relativ. only R-K 4™ order

-1
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Participants from all main laboratories:

ESS/IFMIF
CERN « Fermilab
BNL (new)
ISIS (UK) « Liverpool
(Quasar) Yearly meetings:

Goals: . 2016/03-CERN
« Exchange experience +  2017-Liverpool
« Compare various simulation approaches or GST

* Preparation of common program

Wiki:
https://twiki.cern.ch/twiki/bin/view/IPMSim

42



= |PM simulation collaboration F@R

On Wiki
https://twiki.cern.ch/twiki/bin/view/IPMSim:

Description of a common profile format (XML)
Selection of example beam profiles in this format
Python GUT to look at these profiles and compare them
Source code for pyECLOUD-BGTI and IPMSim3D.

Description of various simulation aspects.

o oA w N

Collection of bibliography.



)
* Non-uniformities - Compute spatial = Interaction of * Beam {bunch)

. in gas density distribution of Deam particles shape determines
l m r‘ o m jonized particles with rest gas leads position
= \alocity o momentum distribution of

contribution from distribution of particies
motion of gas ionized particies '

Kenichiro as a backbone. o

particles
'

Modular approach. e,

1 distribution
'

the update procedure

Manpower:
parameters %

D. Vilsmeier - bt ane .

Object-oriented design. e l

* Reissue
particle tracking particles reached

the detector —
remove from

master student. e

= Add parameters
to trajectories

Y

.......... - aad o e el S

 Simulated ! Detector mmm: E Simulated |
 trajectories | event «  profile |
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1. Several IPM simulation codes were independently
written over the years.

2. We established a collaboration to exchange
experience in IPM simulation and to understand
better the various phenomena within IPM.

3. The goal of the collaboration is also to create a

common, modular simulation code.
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Extra slides
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