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FCC-ee tuning team & WG meetings New members

CERN e-group FCCee_tuning-team: llya AGAPOV, Esmaeil AHMADI, Felix CARLIER,
Antoine CHANCE, Tessa CHARLES, Aman DESAI, Barbara DALENA, Angeles
FAUS-GOLFE, Abid HUSSAIN, Riccardo DE MARIA, Andrea FRANCHI, Cristobal
GARCIA, Werner HERR, Michael HOFER, Patrick HUNCHAK, Satya S. JAGABATHUNI,
Jacqueline KEINTZEL, Simone LIUZZO, Lukas MALINA, Elaf MUSA, Eva MONTARBON,
Katsunobu OIDE, Tobias PERSSON, Tatiana PIELONI, Freddy POIRIER, Pantaleo
RAIMONDI, Tor RAUBENHEIMER, Guillaume SIMON, Rogelio TOMAS, Fani
VALCHKOVA-GEORGIEVA, Leon VAN RIESEN-HAUPT, Yiwei WANG, Simon WHITE, Yi

WU, Renjun YANG, Zhandong ZHANG, Frank ZIMMERMANN + Anyone is
welcome!

22 meetings so far: 17 Oct, 14 Sept, 26 Jul, 29 Mar, 17 Mar ,2 Feb, 2 Dec, 1 Dec, 10 Nov, 3 Nov,
22 Sept, 25 Aug, 21 July, 14 Jul, 30 Jun, 9 Jun, 22 Apr, 22 Mar, 17 Mar, 10 Feb, 17 Nov and 10 Nov
2021.

Last tuning team reports in: 157th FCC-ee Optics Design, FCC week 23
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PROGRESS OF THE FCC-ee OPTICS TUNING WORKING GROUP

J. Bauche, F. Carlier, R. De Maria, M. Hofer, J. Keintzel, M. Koratzinos, F. Valchkova-Georgieva,
H. Mainaud, T. Lefevre, K. Oide, T.H.B. Persson, P. Raimondi, D. Shatilov, G. Simon, R. Tomas™,
F. Zimmermann, Y. Papaphilippou, CERN, Geneva, Switzerland, T. Charles, University of
Liverpool Liverpool, UK, A. Franchi, S. Liuzzo, S. White, ESRF, Grenoble, France, E. Ahmadi,
ILSF, Qazvin, Iran, I. Agapov, L. Malina, E. Musa, DESY, Hamburg, Germany, B. Dalena,

T. da Silva, A. Chance, CEA, Paris, France, T. Raubenheimer, X. Huang, SLAC, Menlo Park, USA
T. Pieloni, C. Garcia, L. van Riesen-Haupt, Y. Wu, EPFL, Lausanne, Switzerland, Y. Wang,
IHEP, Beijing, China, A. Faus-Golfe, IJCLab, Paris, France, Y. Onishi, KEK, Tsukuba, Japan

Abstract

FCC-ee is a proposed lepton collider with a circumference
close to 100 km to produce an unprecedented amount of
luminosity. The FCC-ee optics tuning working group is
addressing one of the most critical aspects of the FCC-ee,
that is the recovery of the optics design performance in
presence of realistic imperfections. Various teams from
laboratories all around the world have got together to assess
field quality tolerances and review and share experience
gained at synchrotron light sources and lepton colliders such
as SuperKEKB. This paper reports the latest results on optics
measurements and tuning simulations for various techniques,
the development of simulation tools. and possible lavout

sextupoles vertical misalignments up to 10 um, without ap-
plying corrections [11]. From first polarization simulations
it is observed that vertical orbits with rms deviations up to
150 um from the flat machine achieve above 80% polariza-
tion [12].

Achieving good optics quality and maintaining it will
require sophisticated optics measurement and BBA tech-
niques that can be performed with design beam parameters.
Current colliders as SuperKEKB and LHC can only per-
form optics measurements at low intensity which results in
unforeseen perturbations at high intensity from collective ef-
fects, temperature shifts [8] or the need to introduce Landau
damping [13].
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Alignment & stability challenges for FCC-ee @

Tessa K. Charles'*" @, Bernhard Holzer®, Rogelio Tomas?, Katsunobu Oide**, Léon van Riesen-Haupt® and
Frank Zimmermann?®

Instrumentation

"Correspondence:
tessa.charles@liverpool.ac.uk Abstract

' Department of Physics, University ; " ; ! 4 , .
SF Chverool | VoAl b In order to achieve its ultra-low vertical emittance (1 pm) and high luminosity (of up

2Cockeroft Institute, Warrington, UK t0 230 x 10** cm~2 57! per collision point), the e*e~ Future Circular Collider (FCC-ee)
Fulllist of author information is requires a well-informed alignment strategy, powerful correction methods, and good
available at the end of the article A . g . { # :

understanding of the impact of vibrations. The large ring size, high natural
chromaticity, small 8*, and the low coupling ratio make the FCC-ee design
susceptible to misalignment and field errors, which if not properly addressed,
threaten to increase the horizontal and vertical emittances and adversely affect the
luminosity. Tight alignment tolerances around the 100 km ring would be a major cost
driver and therefore alignment and stability need to be carefully studied. In this paper
we present a status update, in which we apply analytical estimate methods, verified
with simulation data, to determine the influence of the alignment of specific magnet
types with the result informing the relative alignment tolerances. This is followed by
simulations of a correction strategy that includes a large set of magnet misalignments
and field errors. Finally, we also consider the tolerances on vibrations of quadrupoles
through evaluating three cases: coherent vibration due to external seismic motion,
vibrations resonant with the betatron frequency, and non-resonant, incoherent
vibration.
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FUTURE Optics Tuning and Corrections for Future colliders

CIRCULAR
COLLIDER Walkshep

26-28 Jun 2023
CERN

Europe/Zurich timezone

More than 70 participants registered from more than 20 labs.

Overview - . 3 . . ] .
The workshop will bring together experts from the circular and linear collider community and the high brightness

Timetable synchrotron radiation sources to discuss the tuning and correction of beam optics.

Contribution List Topics to be covered are:

Registration )
e correction of linear and nonlinear beam optics through the accelerator;
Participant List ¢ sensitivity and optimization of dynamic aperture;
) ® impact of collective effects on the beam optics;
Program committee ; 3
e component errors, drifts, and correlations;
Accommodation e transport and preservation of polarization;

¢ modeling tools and optimization techniques.
CERN lightweight account

application The workshop plans to be in-person and will support some virtual participation.
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Initial assumptions on misalignments L Charles

Type AX AY APSI AS ADTHETA ADPHI  Field Errors Misalignments are randomly

(pm)  (pm)  (prad) (pm) (prad) (prad) distributed via a Gaussian
distribution, truncated at 2.5

Arc quadrupole* 50 50 300 150 100 100 Ak/k=2x 1074 sigma.

Arc sextupoles™ 50 50 300 150 100 100 Ak/k=2x 1074

Dipoles 1000 1000 300 1000 0 0 AB/B=1 % 107

Girders 150 150 - 1000 - - - : . g

TR, qudioE 100 100 250 250 100 100 Ak/k=2x10-7  Thistableis not the final

IR sextupoles 100 100 250 250 100 100 Ak/k=2 %10 set of tolerances.

* misalignment relative to girder placement

200

vs| Quad 0=173um 0=136um
Distributions of arc 150

quadrupoles and 8 125 1 2
sextupoles, total DX and DX 3 1001 3
75 B
misalignments: ™1
50 301
25 1 25 1
-600 -400 -200 0 200 400 -400 -200 0 200 400
Arc Quadrupoles, DX, DY (um) Arc Sextupoles, DX, DY (um)

Global optics and emittances OK after tuning but difficulties encountered when doing
the chromaticity correction, giving also very low DA.


https://indico.cern.ch/event/1181966/contributions/5041452/attachments/2516760/4327136/EPOL2022_Charles.pdf

Assumption: 10 ym after beam-based alignment

Type AX AY
(pm)  (pm)
Arc quadrupole* 50 50
Arc sextupoles™ 10 10
Dipoles 1000 1000
Girders 150 150
IR quadrupole 100 100
IR sextupoles 10 10

Assuming beam-based alignment possibly with
movers+BPMs+displacement sensors (design
concept needed to reach 10 um and better).

Median S,-beating = 1.77%

Median 3,-beating = 6.29%
“" T. Charles

0 10 20 30 40

rms Bx-beat (%)

50

Very promising improvement in the tuning of the FCC-ee linear optics, including
chromaticity correction. To-do: include BPM alignment errors, IP tuning, DA & lifetime
optimization. Yet, need to monitor IR sextupole drifts at 1um level.


https://indico.cern.ch/event/1186798/contributions/5062640/attachments/2532968/4358650/FCC_EIC_MDI_workshop_2022_Charles.pdf

BPM and Displacement Monitor (Gap Sensor

BPM is fixed at quadrupole magnet and displacement monitor measures a relative dewatlon (honzontal and vertical)
between the BPM and the sextupole magnet. BPM

D e BPM
LEft S|de Of IP ® Disp.

MQLBILE

_0.05: Y T T ] T T T ' T T T ] - - - l r - v ! :

-0.065— measured orbit ' _

‘@.085— il o . -:"_‘ .s'-' ._" ""z'.,.: -,::;. o~ i . . . _E

C _"."..:-‘_!'_ '- AW . A i

-0.09F  t T el et eme E

<,
-

Foedt T F T The displacement monitor

-ﬂ-li— e ~ between Q(BPM) and Sextupole
-0.115— : —
- *’\m ]

2 o i Wl o A A e i LS A T B
0 200 400 600 800 1000
sextupole HER I (mA)
magnet
(SD-type) quadrupole o _ _
\ magnet Y. Onishi’s slides in Bl workshop

(QD-type)

Reliability of movers and gap sensors challenging.

The support arm fixes the alignment
of BPM and quadrupole magnet. —Need thorough engineering for FCC-ee at 1um in the IR!!!!

BPM


https://indico.cern.ch/event/1209598/contributions/5137269/attachments/2551427/4395308/Lessons_SuperKEKB_FCCee-BI_WS.pdf

Tuning simulations with pyAT (S. Liuzzo & A. Franchi)

Lattice: FCC-ee V22 Z 6DdtTracking
Assuming just 10 um H&V alignment errors in 004 Pt
arc quadrupoles and sextupoles and o efifféjs
performing orbit and linear optics corrections: 0.003 -
Unit Before corr.  After corr. E 5
H \% H \% B

AB/Brms % 3.6 595 08 43 -

Ao mm 120 82.6 260 94 ' b '

Nep.v pm 5 = 3.1 W ..,‘Y.l = Em .+ Cor. .
Orbitrms pm 631 289 298 12.0 0000 dwsdem T DSON  eeses

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
x [mm]

Linear optics and emittances are successfully corrected, yet, even with just 10 um errors in arcs,
DA gets severely reduced (IP parameters have not been checked yet)

— The challenge is confirmed with pyAT simulations



Comparison to Pantaleo’s new lattice proposal (S. Liuzzo)

AB/B An A€
H Vv H Vv Vv
criteria 1 % 1 % Imm 0.05mm 1%0€p,
arc sextupoles tolerances [um] Tunes

V22@7Z 19 10 4 30 40 (0.26, 0.38)
HFD51@Z 59 45 8 >100 »100 (0.22,0.32)
V22 @t 10 8 8 85 15 (0.26, 0.38)
HFD51@t 19 10 10 »100 32 (0.24,0.31)

At Z, Pantaelo’s lattice features arc sextupole alignment tolerances
larger by a factor 2 at least.

Nevertheless, at tt the gain seems to be lower, below a factor 2.
See Pantaleo’s presentation this Thursday.



https://indico.cern.ch/event/1202105/timetable/#307-alternative-hfddfd-optics

New misliagments proposal in the midterm report

Initial Mechanical alignment
Length scale  tolerance

6 20 to 50 um mechanical installation tolerance of components on quad/sext girder - main issue is corrector and

50 200 um mechnical installation and alignment of girder to girder - need to be able to transport first beam
200 500 um mechnical installation
1000 2 mm mechnical installation smoothed around the ring
10000 5 mm Installation tolerance based on surface alignment network and GPS

Significantly larger than assumed so far. First simulations with larger errors show
poorer tuning performance both in the collider and the booster: 14th Sept

Length correlations assigned to a closed ring similarly as to Perlin noise, see
implementation in Michael’s slides.
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Beam-Based Alignment (BBA) performance?

Advanced BBA techniques are simulated in Xiaobiao’s slide, including quad
modulation of dk/k =1%. BPM reading error of 1Tum, alianment error 0.2mm,

-5
10
1 = I I I I |

€ e
.0 = o
o
o
3 | |
g . ~——=—— systematic error
2 \ random error

2r 1 ] 1 1 7

2000 4000 6000 8000 10000 12000 14000

Achieved performance is 50um when using 8 quads at same time and 20um
when using 4 quads. Source of uncertainty is the lack of knowledge of entrance
angles of the beam at quadrupoles. Further improvements are needed!


https://indico.cern.ch/event/1325263/contributions/5576659/attachments/2714871/4715157/Application%20of%20parallel%20QMS%20to%20FCC-ee_xhuang_09142023.pdf

First magnetic field quality tolerances (E. Ahmadi)

Lattice: FCC-ee V22, errors are in 10* @ 10mm

M,=2 T[,u—25Tt

QY QA QFG/QDG QG

Error & maget type Z

b3 in arc dipoles b

b3 in IR dipoles 0.1 0.5 |QLeB Qv
b3 in arc quadrupoles 10 8

b3 in QY 0.1 8

b3 in QC, QT, QA, QB,
QG, QH, QL, QR, QU, QI 1

tt |
2 'PWHH -npu I |

—p

ux—2n, M,=25T

Tolerances based on DA calculations without
8 SR (pessimistic):

a3 in QCl1, QC2 1 5 .
b4 in arc quadrupoles 10 10 o
b4 in QC, QY 0.01-0.1 0.1
b4 in QT, QA, QB,

QG, QH, QL, QR, QU, QI | 1 o
bg in arc quadrupoles 5 5
be in IR quadrupoles 0.01 1

Arc magnet field quality can be met.

IR magnet field quality, specially QC
and QY is challenging (even measuring
0.01 units is a challenge!).

Z clearly more challenging

—Need to include SR in calculations
— Corrector circuits in the IR?




First magnetic field quality tolerances with SR (A. Hussain)

60
= b3_sys=0.e-4
b3_sys=0.5e-4
Scan of sextupolar 50 /\\ //\ oo g e e
. - b3 sys=2.0e-4
components in arc -
dipoles (b3) in the 40 s~
range 0-2 10 units.
-
20
10
0 T T . . . .
—-40 -30 —-20 -10 0 10 20 30 40

X [o]

Both systematic and random dipole b3 cause significant loss of
DA with b3=0.5x10"* units !! Will we need correctors?



Parameter evolution of Z baseline in 2023

See Oide-san’s

Qx Qy Qy-Qx [Py [mm] presentations in
February 21426 | 21438 0120 |08 the FCCee optics
meetings:
April 214.129 | 214.2 0.071 0.8 https://indico.cer
n.ch/category/65
June 218.158 | 2222 | 4.042 0.7 28/

Latest tunes are closer to integer resonances by about factor 2 and closer to coupling
resonance by about factor 3. Sensitivities to errors will change accordingly.

Change in the integer tune split affects coupling correctability. Lower By...

In addition margin for V emittance from lattice errors has been reduced to 0.3 pm.

—Need to redo previous simulations


https://indico.cern.ch/category/6528/
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lllustrating margin of 0.3 pm on previous simulations

30 4
= <Corrected> = 690.78
§ 20 - <errors> = nan
o Updated plots from
% 10 1 Simones’s slides
(@]
o

0 T T T T T T T T
687.5 690.0 692.5 695.0 697.5 700.0 702.5 705.0

Hor. € [pm]
o =
A - <Corrected> = 0.17 Sy/Ex = 0.0004
o <errors> = nan .
3 Current record in
£ 5 ALS = 0.0001
3 (PRST-AB 2011)

0 T T T i T T
0.0 0.1 0.2 0.3 0.4 0.5
Ver. € [pm]

About 16% of seeds would not meet new margin in these simulations with only 10 pm
misalignment errors in the arc magnets. New tunes likely to deteriorate this...


https://indico.cern.ch/event/1265820/contributions/5315693/attachments/2612662/4517336/FCC-ee_plots_plus.pdf
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.14.012804

Coupling studies

Dmitry concluded that vertical
misalignments of about 10 pm in arc
sextupoles can be tolerated without
corrections from beam-beam studies
(see slides)

This generates coupling resonance terms
about factor 10 lower than in LHC after
correction (see M. Hofer’s slides).

Need to ensure improved coupling
measurement and correction wrt
LHC—BPM resolution, tilts, systematic

Misalignments

OFF

XandY

Beamstrahlung

ON

OFF

L/IP [10%]

0.95 ~0.5

0.8

Lifetime (bb) [min.]

35 4

> 600

Density contour
plots

Ay

Ay

[ ".:‘.

errors, machine drifts, etc. =
S 0.006
=
(D
In general, all measurement 2 0.004
techniques have to be reviewed to s
include systematics from SR effects Z 0.002

and to define specs.

Yy
=]

D

Dmitrys Errors

0.002 0.004

0.006

0.008 0.010 0.012

Average(fioo1)

0.014 0.016



https://indico.cern.ch/event/1274521/contributions/5365250/attachments/2632529/4553393/lumi_Z_2ip_4ip_shatilov.pdf
https://indico.cern.ch/event/1274521/contributions/5365251/attachments/2632407/4553168/MH_C+.pdf

Summary & Outlook
The FCC-ee performance with realistic errors is one of the fundamental questions
to answer by 2025.

Excellent progress in the last year in identifying key problems, tools and progress
with simulations and new concepts.

Lots of challenges ahead!!!

Synergies with CEPC should be exploited. Could someone apply same tuning
simulations for both machines for comparison?



Back-up slides



FCC-ee FODO super-cell and correctors att and Z

-Lattice orbit correctors and skew
Zoowmﬁ*i £ quadrupoles are assumed to be placed
at sextupoles (with extra coils).
-At t only 2 over 5 quads have
sextupoles attached (at most 1 over 2 if
Z sexts are kept).
-Current tuning simulations assume one
orbit corrector at every quadrupole —
Need to add correctors or demonstrate

¢ tuning with fewer correctors
—0.50
£
30.25
0 100 200 & [m]300 400 500 / \/alchkova-
Plot by J. Keintzel Sextupoles ~ G€orgieva

Quadrupole



Orbit corrector length

1.72
1.71

1.7
1.69
1.68
1.67
1.66
1.65

Optimum corrector length is
25cm (10cm maybe still OK).
Further studies needed.

Horizontal emittance [nm]

Rad. from Rad. from shorter main

OCs dipoles
— s

10 15 20 25 30 35 40
Orbit corrector length [cm]

Actual value of emittance not representative

as it is just for one tuned seed.

45

50



300 mm

Dipoles

136 mm

e Need to converge on tapering
design (how many FODO per

t . t o 4 o 0 05T 10T
apering unit: ’ ) Magnetic model cross-section (CDR), IBO max =57 mT
e Need to consider b2 of 4 units Strength, 5.6 GeV-182.5 GeV mT T11-56.6
. . Magnetic length m 21.94/23.94

(Slg n Ch an g N g a rC-by-a rC) Number of units per ring 2000
Aperture (horizontal x vertical) mm 130 x 84

H . I 100d field region (GFR) in horizontal plane mm +10

® b3 Of 2 un Its - Ca uses 1 0 un ItS Of Iﬁield quality in GFR (not counting quadrupole term) 10~ ~1

chroma at tt and 70 at Z. Impact
on DA, lifetime and tuning?

e — bn
b5 b6 b7

bn/b1 @ R=10 mm (1E-4)

5
4 B No trim
3
W Top-right trim
2
1
0 [ | |
1 b2 b4
2
3

Jeremie Bauche, March 17th


https://indico.cern.ch/event/1138026/

Dipole b2 errors

Tessa’s slides: Systematic b2 in dipoles does not affect resulting emittance after
tuning (no chroma. corr.) but need more iterations (19 seeds did not converge for
lack of CPU time). DA not checked.

Cristobal’s slides: b2=4 units generates above 2% beta-beating. 1.6 units needed to

get 1% beta-beating. Yet arc/IR optics rematching can absorb the b2 errors, see
Cristobal’s slides this Thursday.



https://indico.cern.ch/event/1183192/contributions/4970980/attachments/2483615/4263959/emittance_tuning_meeting_July2020.pdf
https://indico.cern.ch/event/1167740/
https://indico.cern.ch/event/1203316/timetable/#50-optics-matching-with-arc-er

Quadrupole

Measured shift of quadrupole
centers separation by 0.4mm
between Z and t operation. This is
not seen in simulations.
Independent powering of apertures
(for tapering or tuning) challenging:
induced quadrupole offsets
(0.2mm) and large b3 (10 units).
As expected from simulations.

14
12
10

=10 mm (1E-4)
rla (=] N = (=3} o0

bn/b2 @ R

Jeremie Bauche, March 17th

bS

b10

® No trim, Right AP
No trim, Left AP

® Both trims, Right AP
Both trims, Left AP

M Right trim only, Right AP
Right trim only, Left AP


https://indico.cern.ch/event/1138026/

New quadrupole design

Prototype not yet manufactured.
Field offsets between Z and t for
new design unknown.
Independent powering of apertures
(for tapering or tuning): induced
quadrupole offsets reduced
(0.03mm), as well as b3 (2 units)
—Field quality OK

Jeremie requested an increase of
beams separation from 300mm to
350mm in the 160 FCC-ee design

meeting, approved, that should
reduce aperture cross talk and
improve field quality.

bn/b2 @ R=10 mm (1E-4)

i
“'\‘“\“‘””‘ \
i

i

Jeremie Bauche, FCC week 2022

¥3b4b5b6b7b8b9b10

B CDR, No trim

¥ CDR, Both trims
M Alternat. Design, No trim
M Alternat. Design, Both trim


https://indico.cern.ch/event/1217166/
https://indico.cern.ch/event/1217166/
https://indico.cern.ch/event/1064327/timetable/#b-463808-fcc-ee-accelerators-f

Superconducting Short Straight Section

e N S bbb SRR P DRI R IRR SRS ADRRRS

)
SN i

Mike’s slides

Possibility to put 2 or 3 layers of SC

magnets to include: Dipole, Quad, Dipole, Quad, sext, correctors
sextupoles and correctors.

This reduces SR power — First lattice
design by Cristobal in EPFL-LPAP activity
meeting

No space limitations for correctors.
Magnetic field quality to be assessed.
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RMS misalignment and field errors tolerances:

T. Charles, Type AX AY APSI AS ATHETA APHI
March 2022 (um)  (pm) (prad) (pm)  (prad)  (prad)
H. Mainaud, 10 Feb: Arc quadrupole*® 50 50 300 150 70 70
“The actual value of  Arc sextupoles™ 50 50 300 150 70 70
tolerances will not be  Dipoles 1000 1000 300 1000
the cost driver, being  Girders 150 150 = 1000
size’the main driver.” TR, quadrupole 100 100 250 200 70 70

IR sextupoles 100 100 250 200 70 70

* misalignments relative to girder placement

Factor 2 lower Type Field Errors

tolerances should be

considered (at least). —x - quadrupole* Aklk= 2 % 107*
Arc sextupoles™ Aklk=2% 10~

Only non-linear error so far: arc
sextupole strengths.

Dipoles AB/B =1 x 1074
Girders -
IR quadrupole Ak/k=2 %10~

IR sextupoles Aklk=2 % 10™* Note: BPM errors not included



https://indico.cern.ch/event/1138026/contributions/4774791/attachments/2413217/4129862/FCCee_emittance_tuning_March2022.pdf
https://indico.cern.ch/event/1124439/

BPMs fit in the quadrupoles (M. Wendt, April 22)

|

BPM fits in
this blue box


https://indico.cern.ch/event/1151915/

Optics measurements in FCC-ee

e Current tuning simulations assume ideal

optics measurements

e Large energy loss in FCC-ee, fast

Sextupole KL [1/m]

damping or chromaticity may induce
systematic errors in all techniques: single
kick, AC dipole, NOECO and LOCO-like

oo

"J. Keintzel, single kick, March 22
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For LOCO-like: see S. Liuzzo’s presentation today
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C dipole in PETRAN | '

L. Malina,

Solution to the use of MAFF filters!!!

0.1 0.2


https://indico.cern.ch/event/1138028/
https://indico.cern.ch/event/1138028/

Single kick feasibility at Z and Top

While the single kick
technique is appropriate
for the Z energy it is not
feasible at the Top for the
too fast damping.

Need to study AC dipole
and ORM or LOCO at the
Top energy!

(teams at DESY, ESRF & CERN
already at it!)
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J. Keintzel's poster
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https://indico.cern.ch/event/1064327/contributions/4888541/

