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DESY FEL Seminar 2016-04-19

FLASH-MD’s : Recent Progress in Optics Setup
Mathias Vogt (MFL) & Johann Zemella (MPY)

e Introduction / Motivation

e Matching/Re—Matching : Methods

e Matching/Re—Matching : FLASH-Sections

e Consistency Checks : Orbit Response Matrix Measurements
e Summary

e Outlook: Orbit & Dispersion w/ 1mad




| report her on behalf of Johann
& myself, but there’'s many people
this (in

involved in alphabetical

order):

V.Balandin,
Chr.Behrens,
B.Beutner,
F.Christie (a.k.a. F.Mueller),
N.Golubeva,
Th.Hellert,
R.Kammering,
S.Meykopff,
E.Prat,
M.Scholz
J.Wilgen,

and many more.
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Conference contributions directly re-
lated to this talk:

e |PAC14 : TUPROO50 :
J.Zemella, T.Hellert, M.Scholz,
M.Vogt :

Measurements of the Optical
Functions at FLASH

e |PAC15: TUPWAO35 :
J.Zemella, T.Hellert, M.Scholz,
M.Vogt :

Progress in Optics Studies at
FLASH
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Introduction / Motivation

. ) Soft X-ray
RF Stations Accelerating Structures SFLASH Undulators Photon

vV VY v Diagnostics
FLASH1 THz 9

s S C e == =1

RF Gun  Bunch Compressors
Lasers

5MeV 150 MeV 450 MeV 1250 MeV

Beam Dump

FEL Experiments

* 315 m

e Dominant sources of optics per-

e RF—-GUN: space charge domi-
P s | turbation (un—compressed):

nated regime (lowest F) . the "ACC2_Badlands® (

e Design Optics :

— energy profile (1) :

— starts exit of solenoid 1GUN k1 = (8B, /0z) X (p e)—1
= Y

— zero current limit (no SC)

= Necessity of re—match — con-
— valid only un—compressed

= DBC2: match beam from RF-
GUN into design optics in linac

straints

® (Finally:

correct for SC in compressed beam!)
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Matching / Re—matching of Beamlines: Basic Concepts (1)

design
. deS|gn
design
O reference point reference point o
—«—  forinitial cond. S_O for measurement S__ 1
incoming . matching section ‘ measutrement secti outgoing
—— P\ —=
-~ ) 0 0BT 0 (IYEIEON —
I \

!

perturbed perturbed g5 37 | _
design

O modified :
perturbed

e linear optics ! — Z(sp) =M, (ki,..., k;) 2(sa)
o beam ellipse: Z' B(s) 'Z=¢ = B(sy) =M, __B(ss) M, "
ﬁ(s) —Oz(S) <— linear in B, quadratic in M —
e B(s) = 3 3
—afs)  7(s) ’ ‘
=T
e mapM,. (ki ..., k;)from s, to o Sbea | Yo
sp through quads Q; to Q; w/ o Ya
strengths k; to k;. o 7T, =T, . (ki,...,kj)
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Matching / Re—matching of Beamlines: Basic Concepts (2)

design

. design
design
reference point reference point o ©
e

for initial cond. S_O for measurement Sl\L
incoming : matching section ,T/aaéL :anier:, T outgoing
—— ) 8 onno  emomoemen |WHHAMHIID \—=
perturbed pertm\’_” N
design
O modified
deS|gn
perturbed
® for each transv. plane (X & Y) : — gives “measured” initial cond. 5o, @, Yo
1: measure beamsizes o; ® Remark: 7, , (i = 2,...,n),
o(si) =/Bie, 1 =2,...,n>4 7T ,. , are assumed close to design!

Twiss parameters at reference point s1 as 3: match measured 8o, a0, 7o

least square solution of: into design 31, a1, 71

°3 T2—1)1, Pre 81 Bo
on (Tn1)1,s TLe 71 70
2: transport 31, a1, 1 backwards using quads Q; to Q;
Fo 1 ® Remark: 8+ + a? = 1 = needs at least
— |2 | =Zo—1| 1

Y0 71 4 quads for both planes (X & Y)
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The (n > 3)—Screen/Wire Method

reference point reference point
«— forinitialcond. S_0  for measurement s 1
incoming ‘ matching section measurement section outgoing
= Q H () H<— > 4 quads (better 5 or more) | | | | | —
beam ‘\‘ 1 beam
S 2,..,.s n;n>=4
e typically s; = so What can go wrong ? :

(apart from broken equipment. . .)
° : ( — 2. _ : :
best: n > 4 (n = 3 : no errorbars) - large E—spread & spurious dispersion

e screen: measure X & Y simulta- beam distorted / broken into beamlets

«—how do o’s compare for totally different

neously
beam shapes?
e optimum phase advance per _ sceen: coherent OTR
screen/wire : 45° = go to minimum E-spread

(m.o.l. on—crest)
& “beautify” beam (steering,...)!

- fit (1:) might yield negative 516 - small charge — small signal

(0°, 45°, 90°, 135° w/ 4 stat.)
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The Single-Quad—On-Single—Screen/Wire Method

reference point

reference point
4 for initial cond. S_O  for measurement S_

T~ [s_1_max

incoming matching section measurement section |
‘ () H () H --«——— >4 quads (better 5 or more) (> |
beam ~

e most downstream s; is entrance of

scanned quad

e concept: changed focusing shifts beam

waist through so

® (simplified evaluation for 1-quad-on-1-screen

— e.g. Minty & Zimmermann)

e for thin-lens quad: 022(k1) should be a

parabola (%)

e screen: measure X & Y simultaneously —

iff optics suited for (halfway) symmetric

scan: (k1 = 0 = X & Y beam waists

symmetric around s-

entrance plane

scan in cycle direction !

What can go wrong ? :
(apart from broken equipment. . .)

Same as w/ (n > 3)-screen/wire method

parabola () not sufficient
— can still yield imaginary 31

hard to judge quality of scan until finally
evaluated

FLASH:
watch “injector cycle” vs. “linac cycle”

of scanned quad 3_2

outgoing

_>

beam
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The Multi—-Quad—Multi—Screen /Wire Method

reference point reference point
& forinitial cond. S_O for measurement

T [s_1 max

incoming ‘ matching section

! ‘ () H () H<—>4quads(better5

beam

1*:

looks more complicated but might yield
better scans w/ less mod’s (more quads
for matching) then the single quad scan
w/ modified optics (next slide)

match for uniform sampling of the X-, Y-
waists (0° < Py < 180°) using quads
between s; and s, — k

ag,l <12<_1(’51))1,* Bie

= o e . ale

o5 (Zm—l(lzm))l V1€

, Kk

S
measurement section outgoin
Ql Q2 """"" Qm Jomng
or more) () H 0 H | | | —
beam
entranceplane < o9
of most upstream scanned quad 5_2 S
=>
l\/|2<—l(k )
e use fit from (17%:) instead  of

Minty/Zimmermann

e find sequence of matching k—tuples for
minimum number of cycles needed.
What can go wrong ? :
(apart from broken equipment. . .)

- Same as w/ single-quad—scan

- might still require lots of cycling
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Modified Optics Upstream Screens During Measurement

design
. design
O design
reference point reference point o O s 1 old
—«—  for initial cond. S_0O for measurement S_l\* 1
incoming ! matching section 7|‘-7‘m-oid‘ifi-(—::d‘o-piﬁc-si‘-l medgurenhent sedcti outgoing
—— o0 omuo  emomemoen || SUB O R ——
beam L _ for measurement MWl ] L] LTI beam
| 1 \\
perturbed perturbed s 2,...s.n

design

!

modified O

design
perturbed

_ _ can be applied to all before mentioned

- while reducing number of quads for actual .

_ techniques
matching,

: . _ ® since optics between s; and slold) modi-
e modify optics between s; (from design) tod from des
i rom ign

and so

. — matching section prolonged further up-
+ to optimize measurements ¢
stream

e i.e. for symmetric beam waist for single— _ _
— optimally suited for extremely long beam

quad—scan. lines like FLASH :-)



Q3DBC3 — OTR5DBC3:
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Matching/Re—Matching in FLASH/1/2 (1)
modified QScan Q3DBC3->0OTR5DBC3
modified QScan Q8TCOL->0OTR9TCOL
ACC1 UBC2 DBC2 ACC2/3 UBC3 DBC3 ACC4/5/6/7 TCOL 5-6Wires UNDU
~ - | 4-Screen SFUND SFELC
| ' ORS SFUND SMATCH  UNDU
- v G_-_# ""7.7??,?_?"" IIlllII_l“l ?
injector match / 4-Screen DBC2
MultiQuadSingleScreen 4\Scr A‘
Q1/2/3DBC3 -> OTR5DBC3 een 5
SEE
o Injector Match: e mod’s use QIACC2 to Q2DBC3
e 4 OTRs in DBC? — no more matching quads downstream
“ACC2-Badlands”
e 5 quads upstream BC2 (try preserving .
— : multi quad scan
waist in last dipole) 1/2/3DBC3 — OTR5DBC3
& 5 quads DBC2 Q1/2/ - :
e converges typically after 3 iterations e no mod's upstream Q1DBC3
) : — hardwired doublet Q9/10ACC2, semi-
® nice beam required — or no convergence ) )
hardwired Q9/10ACC3 and singly powered
e modified quad scan

quads Q1/2UBC3 available for matching
(barely 4 d.o.f)
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Matching/Re—Matching in FLASH/1/2 (2)

modified QScan Q3DBC3->0OTR5DBC3
modified QScan Q8TCOL->0OTR9TCOL

ACC1 UBC2 DBC2 ACC2/3 UBC3 DBC3 ACC4/5/6/7 TCOL 5-6Wires UNDU
~ - I 4-Screen SFUND SFELC
| ' ORS SFUND SMATCH  UNDU
i $ Sl ---- n i
— ) \g--- P07 w T U
injector match / 4-Screen DBC2
MultiQuadSingleScreen 4\Scr 2 A‘
Q1/2/3DBC3 —> OTR5DBC3 een
e modified quad scan e 4 Screen at SFUND:
Q8TCOL — OTRITCOL: e finally all 4 screen usable

e mod’s use main—linac quads 4 6 matching quads in ORS

ACC4 7
( .cc /5/6/7) | | | e often used by/for sSFLASH
e might work for restoring design waist at e 5-6 wires in UNDU:

D1FL2EXTR (septum)
e hardware requires T.L.C.!

e not yet tried!
e NO 4 screen at ORS: e 6 matching quads in SFELC/SMATCH
- SyLi on OTR20RS & 40RS - undulator match might violate LOLA, etc. constraints

- matching only in collimator section e so far once converged ca
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Matching/Re—Matching in FLASH/1/2 (3)

modified QScan Q3DBC3->0OTR5DBC3
modified QScan Q8TCOL->OTRITCOL

ACC1 UBC2 DBC2 ACC2/3 UBC3 DBC3 ACCA4/5/6/7 TCOL 5-6Wires UNDU
~ - | 4-Screen SFUND SFELC
| ( ' ORS SFUND SMATCH UNDU
U ¢ ""’.7??7?"" LIS A
injector match / 4-Screen DBC2
MultiQuadSingleScreen 9~S¢ 2 % A‘
Q1/2/3DBC3 —> OTR5DBC3 Sen g
e 4 screens FL2SEED: e FEmittanceTool
e 6 matching quads in FL2EXTR and (S-Meykopff & B.Beutner)
FL2SEED — uses BeamProfileServer

e suffers extremely from spurious dispersion & OpticsServer

— can measure mismatch

— work in progress & perform rematch

e IMPLEMENTATION : — matlab GUI : 2 versions

e BeamProfileServer (J.Wilgen) Transversal
— manages data taking and o comp. \y Emittance | vzbeta
— for 4Screen/Wire sections: ‘\ Beam Profile

DBC2, (ORS), SFUND, UNDU, FL2SEED
— extensible to SingleScreen 777 °

Orbit & Dispersion

Tools
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ProfileServer & NewEmittanceTool

ece Eritiance Measurement and Optics Matching I (Revison: 74:78) FLASH
[ Viw Measurement ] [ New Measuramant J [ Matcn Optes. J
Emittance Ereor Beta Error Alpha Error BMAG. |
vertical 46600 07502 33950 04962 00752 01970 14843 - =
[ Energystore i beam profie server fie: 1046 3348 eV
( summaypor ) oampoti  J( Dampoiz | x || Current energy in optics server @WIRESUND1: 1055
AL [~ START | BREAK| | ‘
hor. normalised Phase Space #iN= 0043196 PR L SFUND
o ZieoTiaTirasi ot ong.
SERIISTIANEOMORE
- messamen | 818
Status Frie 2
mone (O Property Panet.. | - gt
= E i
Last Error Message = H i =
g < L) .
[cooo0oi1460987524 < i, .
0
Last Log Messages - > - -
2= vert. normalised Phase Space in=18370
Information — Switching Laser on fd P
Information — 10DBC2 Waiting until position reached
Information - Switching Lasar on 15
Information - Switching laser off —{
Infarmation - Taking backaround images £ =
Information - Switching Laser on ] £,
Information - Taking beam images = A
Information - Switching laser off 2 d
Information - 10DBC2: Moving OUT = §
Information — Finishing Measurement
Information - Measurement finished: FINISHING "
Information - Measurement finished: FINISHING = === 2016 01-08T041548 OTR DBC2
Infarmation - Measurement finished: FINISHING i a0 215 oTasTas 200 OTroBCE
Information - Measurement finished: FINISHING SUNDT_ SUND2_ SUND3_ SUNDS _ SUNGE —_——
Information - Measurement finished.
inac your conmeert Send o eLogbook
funcion kommt noch
o top/left:
.
‘ece Emittance Measurement and Optics Matching Il (Revision: 74:78) FLASH
. .
—_——l rofileServer panel ddd
e Sooor rhors i o s
o 46s0  o7sz  aawss  odses  oorsz  o1sT0 14843 —— == }
Energy stored n beam profe sarver fe: 1045.3543MeV
= Curront onargy i otcs sarver @WIRESUND1: o |
oo i
PRI
18T17020 TR ond .
BRSO
e bot/left
ST 0807 TR Docs .
. @ SRS SR BEES
E = . b 1
i mittanceloo eta
S g .
\ .
SUNDT DR 70 153t Sy SOND2 O 55 Ta3an ) ea m p rofl | es pa n el
H H
2le g -
e top/right:
= - .
= 1-08T034209-OTR DBCZ 4 it LA -
SUND3 HOR (142 0373 F0iS) SUNDE O (138 0202um FMS) LetE il ) m ] an C e O 0 e a
.
tinac your comment [__sendoo-Logbook |
fricion kommt noch

missmatch 'n’ stuff
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OldEmittanceTool

ece Enmi

nce Measurement and Optics Matching (Revision: 61)

View Measurement | New Measurement

ece Emittance Measurement and Optics Matching (Revision: 61) o
[ View Messurement iatch Optics
251
e
STRa0cs
STRitSsE:
-
‘Start with pause |
v " .
e ‘Show all devices | DBC2TimingHack FLASH 1 :
0
rEmatone anuutaman tished
i o e e |
ometon- easrement Tshed FRISHG
ometon- Messamentnshed FNISHING
iomaton- Massiemant nshed FNSHNG |
omaton- s i s
ometon- CRBCE M |
iomaton- Suncyag seur o1 |
omaton- Takny bian maes |
e
iomatan- Takng bicgrourd mages \ ,
o S s
ometan- Swichnd (e on | g s 30
e p—— o mess. | iphs dsin]beramess. | b deson | SAG | slphs match | b match | SAG n o snowx
Tt g ot | horianal | 15541 11828 22146 2451 16734 12945 18342 1.7308 S orowy
omaton- Saickiog aseco = Vs 12620 desmr 257 1Sew 12624 28484 12220
iomatan- SORCA g SuT S timtcurrte
Lo ot aass
ometan- Takig bism mage
Setno usdrpos s o Laser eretaunce Rearmathis
el Trroposed ] oifrence [ busy T v ]
QsAcci | 07215 02382 04833 QACCi 36 o |
uoacci | 07910 0039 08269 o i
e | 290313 7s1z7 121187 o |
araece | -oa3s 2zowed 142500 o |
Quavscz | 469973 574742 104769 o |
i Jouromment (_sensio oonoor_
Match ishea
aciv roupNONE sctve dvie: NONE Laseron

o top/left:

Emeance | aiona bea | swac i airectory st
sl osssz s sasmr  isse

Ly (kY
2016.03.13T023900 OTR DBC2

408621 8443um S oy s08c2(378001um 145 or) Z9ieosTortiesisom 0Bz
SES I TR 88CE
Soieos 10T ich: oTe oacs
e oTIelen: SR Btes
SEa eI TR 88eE
Soie 0810 ssios ot Oacs
BT o
eSS RS o
301503 dar 133535 VIS SUNDS IO
5 5 T VR SN ok
13 g e VR U
| e ¢ 201508 a1 te8s Ok FasERD
i i T S e
€ ¢ e T VR sl e
£ H 201508 8T 130525 1S SUNDSERT
i H Ers s b .
S 2 e SIS R
2 5 20108 AT 13403 VIS SUNDEVERT .
oo ATz 1e32 VIS SNDS VERT
e IR N Ve
o108 SRt 131305 VIS SUNDENER
e sH

B0BC2 (34.5618um BMS o)
—

o
5 .
£016.05.061015757.01R SFUND .
0080253 63810 A por) B8 83 T00sea-oTR Db m 1 an C e O O
————— 016,05 0r1233625.OTR ALESEED .
R Y 53200 OTR DBCS

bt 2306-01R DoCs
2016.03.071180126.0TR DBCS
2016.03.07T144947.07R DBC2
| 2015 05 071100645 O1R SFUND
2016.03.07100738.0TR SFUND
2016.03.07T09512.0TR SFUND .
20160307 T092305 OTR SFUND
< < £016.03-071003026.S SUNDB HOR
¥ 3 2016.03.07T09361 .S SUNDS HOR
2 H 2016.03-07T093226 WS SUNDB HOR
2 H £016.03-071003044.W18 SUNDB HOR
T £ 2016.03.071092855.W SUNDS HOR
- b 2016.03-071090312.07% DBC2
& g 2016.03-07 10835 14.OTR PLESEED
& £ 20160307108 1030 WS U
g £ 2016.03-021235706 OTH FL2SEED
g € 2016-02.901174449.OTR FLESEED

[ rzotas

FODO_0500_FEL1

.
Y p/rg

yourcamment sona

| Eneray inac

EmittanceTool: matching

4
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Matching/Re—Matching in FLASH/1/2 (4)

modified QScan Q3DBC3->0TR5DBC3
modified QScan Q8TCOL->OTR9TCOL

ACC1 UBC2 DBC2 ACC2/3 UBC3 DBC3 ACC4/5/6/7 TCOL 5-6Wires UNDU
4-Screen SFUND SFELC

h T ( ' ORS SFUND SMATCH UNDU
UL ""’77’)’77"" o caE 2
injector match / 4-Screen DBC2 e """hl “

||

e
(LY

e

MultiQuadSingleScreen 4\90, s
Q1/2/3DBC3 —> OTR5DBC3 en ":42
SEE
e IMPLEMENTATION (2): e MultQuadMultScrnScan.sh: data taking
e Suite of scripts: (J.Zemella) e CalcMultQuadMultScrn.sh: evaluation
e based upon: bash, python, 1mad e single quad scan QuadScan.sh

(= mad8 + acceleration), doocsget/put, getProfMonData.sh: extract data from

c++

ProfileServer
e on linux (e.g. flashlxuserl) e MultScrnMethod.sh: m screen/wire eval-
e ( certain features not yet on MAC ) uation

e /home/ttflinac/MAD/MADmatching/ e runMatch.sh: rematch using 1mad
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Johann’s Scripts (examples)

MultQuadMultScrnScan.sh :

e $ ./MultQuadMultScrnScan.sh Q2DBC3 OTRS5DBC3

o $ ./MultQuadMultScrnScan.sh OTR4DBC2 OTR6DBC2 OTRS8DBC2...
e interactive data taking (/quad, screenshots — o's)

e user makes sure that currents properly set & beam on screen!

runMatch.sh :

® . /runMatch.sh < STARTBecamiline > < ENDBeamline > < Matchpoint >
< Bz ><agp >< By >< ay >< Quad; >,...,< Quad, >

e computes optics from currents (real machine)
e matches (— “Basic Concepts” slides)
e diagnostic output & plots & loadable sr-file :

— /home/ttflinac/save_restore/Magnets/MADmatching/match.sr

16



DESY FEL Sem 2016-04-19 / M.Vogt (MFL) / FLASH-MD's: Progress in Optics Setup

e single quad scan

e Q3FL2SED1 —
OTR1FL2SEED4

e after matching
FL2EXTR-
FL2SEED
w/ 4 screens
in FL2SEED

Quadscan Evaluation

(erBr)

(arx + Bra’)/

fr =13.87m
ar =-3.09
er =7.03um

mp =1.16

By =8.02m
oy = -1.72
EM = 7.03um

Ap=1.74

(ary + Bry') /\/(eTBr)

ﬁT =6.93m ﬁM =5.09m

ar = 2.57 oy = 2.15
er =6.70 um ey =6.70 um
mp =1.09 Ap =154

y/+/ (erfr)

17
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InjectorMatch (1 intermediate iteration)

»
=™

1 0 HF U
Yireooooooolese— HH L ommmooooime—lH ] i
FLA"S‘H o FLASH1

Jnix version 8 51/1 08/01/16 0429,

nix versi hES‘Ul . . . . . Ol‘i/ﬂl/lﬁ 042848 T T A T T T T T

= a
@

100. o

o poc =
Table name = TMSS

e top/left: design

bot/left: reconstructed
e top/right: re—-matched

e final iteration

— (typically after 3—6):

e reconst == rematched
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ORMs
ORM: ACCL...DBC3: theory/rel.diff /coupled:

40
30

e Response of BPM ¢ to Steerer j
- dxi/dkj — (Mﬂ—j)l,g 2ol
— (Q)i,j = d:rq,/dkj :

— M BPMs & N steerers =
O € RM*¥

—20

—10}
—20}
30

20

theory ORM (m/rad)
|

10

e measured vs. design :

= may identify s—location of optics £ . —
perturbation. .. F e 1
0N R R T N N N A O | R IR I B | N
. o o B :I,__.: [ L 5 _ i:-xx.:txgztxx_f:L 1
among others (BPM calib,, @ I ~ ¢ T" SRR T T e
steerer calib., etc.) - 9§ f 7§ ¢§1§499781¢
«— tedious evaluation! GG R
I e e e L S I S E
e Helped narrowing in on the & - S
ig)- - ' }Ver:ticz}allh‘oriz}oni:al } } I l } } }
“ACC2-Badlands” E o b1
T e Rt
e Nice consistency check! | AU E SO N S

2UBC2
1DBC2
3DBC2
5DBC2
7DBC2
9DBC2
11DBC2}
9ACC2
9ACC3
1UBC3
2UBC3
1DBC3
3DBC3

bpm name
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Summary (1)

e The linear optics zero—current optics in FLASH was a challenge since

the beginning.

e Already one local source of opt.—perturbation identified (—
“ACC2-badlands”).

e More to come 7?77 Let's hope not !

e Additionally E—profile is common source of (hopefully moderate)

perturbations.

e Besides unavoidable injector—match: rematch in later sections strongly

desirable to recover optics features required for efficient FEL operation!
e Several std. techniques implemented.

e Operator friendly tools from BeamDynGroup/HiLevSooftwareGroup
< are they already totally robust ?
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Summary(2)

e For the unix connoisseur & BD—expert: Suite of scripts (J.Zemella)

— in expert's hands : more robust & versatile
e Routinely achieved Injector—-match

e Several control measurements in various section successfully

implemented
e Rematch, e.g. UNDU & FL2SEED : some success but not yet routinely

e Difficult due to constraints and restrictions (sometimes lacking efficient
d.o.f.’s)

e Work in progress!

e We're getting there. ..
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Outlook: Orbit & (Spurious) Dispersion Correction in FLASH/1/2

RF-station

RF—stations

D-chicane S—chicane

RF-—stations

beam dump

separation/collimation
LOLA

sFLASH

FLASH1

1.3GHz SCRF

3.9GHz SCRF

1.3GHz SCRF
FLASH-LINAC
RF gun (1.3GHz/warm)

injector laser (1&2)

5 MeV 150 MeV 450 MeV

e unwanted dispersion :
2 reasons

a: dispersion not suff. contained in dispersive
sections (BC's, ECOL, FL2EXTR)

b: spurious dispersion from orbit steerers

e measurement w/ either
matlab—GUI (M.Scholz)

1.3GHz SCRF

a. corr.:
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" / beam dump
SASE undulators

THz undulator

|

350 MeV to 1250 MeV / FEL user hal
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ed)
(to be decided) —

PETRA-III

® or script:
/home/ttflinac/MAD/MADdispersioncorrection
meas OrbDispCorr.sh or
meas OrbDispCorFL2r.sh

Q2ECOL,
Q15FL2EXTR

Q10FL2EXTR,

b: dispersion correction using the 1mad engine

under construction (J.Zemella)
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