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Motivation

for lower By* In ATF2

« The main difficulty of the FFS is Project  Stams  E[Gev] B[mm] L*[m] &~ L¥B*
to correct the chromaticity ¢,
which is necessary for beam
focusing to the nm |eve| at the |P, ATF2 UL Design 1.3 0.025 1.0 40000

o Larger E makes the FES more ILC Design 250 0.48 3.5 7300

o 43 9400
difficult to operate; CLIC Design 1500  0.069 3.5 50000

ATF2 Measured 1.3 0.1 1.0 10000

« Level of &, in ATF2 is comparable
with ILC;

« ATF2 ultra-low (UL) 3* optics is a
project to test the tunability of the ‘
FFS at the chromaticity level BARE BarE: A QL}{}}‘
comparable with CLIC; RADipole  [()Quadrupole  §Sextupole 3 Octupole

SF6 SFh SD4  BIFF SF1 SDO IP

° By* value in ATF2 needs to be FIG. 1. Schematic of a final focus system with local

Iowered by a factor Of 4 (25 IJm) a:f:hmmatlcltgf correction. Dashed components are not included
in ATF2 test. PRL 112, 034802 (2014)



Octupole magnets for ATF2

@ OCT1 at 86.41 m between QD2AFF and SK1FF (3.8 m)
Two  octupole magnets are o OCT2 at 71.85 m between QD6FF and SK3FF (1.0 m)
required for compensating the 60000 o oome _ cme
detrimental effect of the measured 50000 [ e g
multipole components of the ATF2  E so000 | m - - :§:§ E
magnets on the IP spot size for o0 | 152
the ATF2 ultra-low B* w0

_ _ OCT{ istitedby -1.64deg  ° '™
EXpeCted vertical IP beam size: [ Octupole | Length[m] [ k[m 7] | o* (rms) |
I . OCTH1 0.1 -408 3.5
* Without octupoles: 27.4 nm ooTs o o o
 With  octupoles: 23.0 nm OCTH 0.2 40812 34 pm
OCT2 0.2 483/2 23 nm
OCT1 0.3 -408/3 (+10%) || 3.3 pm (=3.4 pm)
¥ Dipole OCT2 0.3 483/3 (+10%) 24 nm (=23 nm)
§ Quadrupole F
inal f
I Skew quadrupole 3l BLLs MREF1FF MREF2FF SF6FF MREF3FF MFB2FF
1 sextupole SF1FF QD2(AB)FF QD4(AB)FF SF5FF _QD6FF QD8FF QM10(AB)FF  QM12FF  QM14FF  QM16FF

 octupole  BDUMP SFAFF
Py M-PIP . . L ’
COCTHFF > o anm - HithH——
P ’ _____m—-—-ﬂ%!m,lé 3 ;b

Uf""‘ « QFS(AB)FF QF7FF QMI(AB)FF QM11FF  QM13FF  QM15FF
Beam QF3FF  SD4FF
# | direction
' QF1FF
Beam dump

E. Marin, ATF2 Octupoles Study Meeting:
QDOFF http://atf.kek.jp/twiki/pub/ATF/ATF2Communicationlog/Oct_scenarios.pdf



Octupole magnets for ATF2

FD fringe fields effect cancellation

FD fringe fields are responsible for the IP beam size growth. Both multipolar components and
fringe fields can be mitigated with the use of the octupole magnets installed in proposed

locations.
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Octupole magnets for ATF2

« Two designs in order to meet the requirements;
* Delivery and installation to ATF2 planned for summer 2015;

* More details in M. Modena talk in LCWS14:
http://agenda.linearcollider.org/event/6389/session/14/contribution/50/material/slides/1.pdf

* See also M. Modena talk on Thursday
* This issue will be discussed during the 18™ ATF2 Project Meeting in February



Lower By* study in ATF2 December run

optics design

For the December run the
103,0.5B, optics  (40mm,
50um) was applied;

The optics was defined with
the use of MADX and SAD
simulations;

The magnet strengths
evaluated in simulations were
translated to magnet currents
and applied to the machine;

Expected IP vertical beam
size: 26.5 nm, after very fine
tuning of sextupoles.
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http://agenda.linearcollider.org/event/6389/session/14/contribution/50/material/slides/1.pdf

IP beta values estimation

o In prInCIpIe to knOW the 5 QF1FF scan Date: 2014/12/20 Time: 14:39:30

Val ues Of B* one d oes: % 2800 o Fit results: A*(x-B)~2+C*2
2400 | Constant: 1222.661 +/- 0.000
X-min:  122.566 +/- 0.000
. ~ 2000F \ 4 Y-min:  11.815 +/- 0.000
° Howeve r’ It may Not be “ 1600} Chi2/ndf:  2.5795e+09 /8
£
: . S 1200} 4
wn o
Very precise, Ll
o o
400 . .
o © Data file:
* Instead ’ the beam 121.513 122.413 123.313 QF1FF141220_143930.dat
I QFLFF [A]
d IVe rg e n Ce Can b e QDOFF scan Date: 2014/12/20 Time: 15:00:19

eStI m ate d fro m th € ¢ Fit results: A*(x-B)~2+C"2
Q F 1 F F an d Q DO F F 75T Constant: 36.804 +/- 0,000

- R I A
scans; Chizidt: 43470080715
* For the presented scans &, ’

and assumed emittance . ‘
(2nm, 10pm) the o T pata ie

| | 1
127.800 128.700 129.600 QDOFF141220_150019.dat

estimated values of 3* are QporF (a]
(~40mm, ~47um).




Layer 1-4

2" week of Dec run: IP beam size tuning

e Tuning with the use of linear

Fringe scan === 174 T 0456 knobs: Ay, Ey, CoupZ;

2000

1500

1000

500

0

« After 8h of tuning the vertical
beam size measured in 174 deg
mode was 62.5 nm;

* Modulation was lost during the
I A S pitch scan by problem with the
Datasel: base141210_005426.binary Fit results: Av*{1.0+M cos(x+Ph))CONVERGED Iasers pOSItlon;

Event selection Modulation: 0. +/~ 0.021
. Data: Layer 1-4
Point'step: 10 4 Beam Size: 625+ 1.8 -1.7nam
Intensity cut [e9]: 1.00 <1< 1.40

Phase can drecton: Posive - * We tried to repeat the tuning but
Chiz/indf:  8.1575e+01 /80

Fi74U -058 Fi74L -0.5 Prism 5.00 Lambda2 0.00 .
MIFLUX 95017, MIF4LX 95922 MILX10.8947, MirrordX 4. 7203, Mirror8X 86965, Mirror7X 9.7960, I Was n O S u Cces u e
MIFEUY 89747, MIF4ALY10.2418 MILY10.7011, Mirrordy 8.5307, Mirror8Y 9.53395, Miror7Y 6.5700,
roblem with lasers:
P ,

 The beam conditions were very
promising...



Layer 1-4

3" week of Dec run: IP beam size tuning

e Tuning with the use of linear
Fringe scan s 174 mase  Knobs: Ay, By, Coup2 +

scans of RefCav-YPos,
OTR2-YPos, QD10A-Ypos +
IP-BSM internal scans:

 Modulation was lower than
PO et 0 0.3 which makes tuning

Dataset: base141221 092802.binary Fit results: Av¥(1.0+M*cos(x+Ph)) CONVERGED d Iffl C u It .
7 ]

Event selection : A
- Data: Layer 1-4 ;
Pomt/step: 10 %2 2oy a0 Beam Size:  70.7 + 1.9 -1.8 nm
ntensity cut [e9]: 1.20 < < 1. - 2
Phase scan direction: Positive Average: 1868.673 +/- 23.654

Phase: 1.058 +/- 0.071 .
Chigimde.  6.4009¢401 187 . er of tuning the
F174L 1.5 Prism 9.00 Lambda/2 0.00
M174LX 9.6058, M3LX 10.8797, MirrordX 4.7253, Mirror8X 8.6965, Mirror7X 9.7960,
4LY 10.4785, M3LY 10.7011, MirrordY 8.5307, Mirror8Y 9.3395, Mirror7Y 6.5700, Ve r‘ti C I b e S i Z e e S u re d

in 174 deg mode was
70.7nm;




Remarks on the measured beam
size and tuning difficulty

 Lower B,* optics:
- Larger chromaticity requires very fine 2n order beam size tuning with
the use of normal and skew sextupoles.

— Stronger focusing increases the beam divergence at IP + the angular
jitter increases — larger signal jitters of IP-BSM,;



Remarks on the measured beam
size and tuning difficulty

* |P-BSM performance:

- Signal fluctuation in Dec. was larger than in June even for the laserwire
mode:

« The multi-mode laser is used which longitudinal profile is not a perfect
Gaussian;

« The laser pulse length rms is 3 ns and electron bunch length is
20-30 ps —only 1% of the laser light is used for the laser-beam collision;

- The measured modulation was M < 0.3, and difference of modulation for
tuning knobs was small - finding maximum of modulation for each knob
was more difficult;

- From the simulations we know that reaching low beam size requires very
fine 2nd order orbit correction — high accuracy of IP-BSM (high modulation,
low fluctuation, ...)



Conclusions

« Lower (3,* study with 10(3,0.503,* optics was an
Important step towards ATF2 ultra-low (UL) [3*;

* |P-BSM performance sets a limit in measuring
ow beam size also for nominal optics;

* High accuracy of IP-BSM is necessary for
effective beam size tuning for lower [3,* optics;

* The octupole magnets are under preparations
for installation during the summer 2015;



Thank you for your attention!

Many thanks to KEK collaborators for their help,
expertise and support!
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