tolerance on LHC orbit stability is tight:

» 16 um IP spot size

» random jitter tolerance for beam-beam
offset (from turn to turn) ~0.6 nm!
for 1%/hr emittance growth

quadrupole motion creates beam-beam offset

- 2 separate rings with asymmetric IR optics

typically, amplitude of beam motion

> 10 x amplitude of quadrupole motion

estimate of emittance growth would require
(even rough) data on quadrupole motion
amplitude & frequency spectrum

Frank Zimmermann , 17.11.2005



Spectra of horizontal beam and triplet motion Nanobeam’'02 Christoph

(IP4 triplet): RHIC beam jitter & magnet vibrations "0

f./ | D%

. e IR triplet vibrations
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@ [ | '4 T TR L ey motion around 10 Hz
rms _ N Y 1 ’ | \ . .
2 | “ 1 h“ vibration of cold masses
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Frank Zimmermann, 17.11.2005

modulated beam-beam
Interaction causes
emittance growth

at start of each store



Tev Vertical Orbit Oscillation Spectrum (=30m) Nanobeam’oz Vladimir Shiltsev
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should we Initiate a measurement
of vibration levels in an LHC
(e.g., low-[) quadrupole?

measurements of cold-quadrupole
vibrations were done for ILC
by three teams using three different
Instruments



WPM to measure ILC cryomodule vibration

« A. Bosotti et al. [PAC2005]: use of WPM (wire position
monitors) N w owm
— difficult task, 7 3 ;i : : i

; z z
complicated HL ﬁ 3%@ ; g‘é{mﬂ—‘

by vibration A= et et ettt Wt —ti=t |

of wire ‘ Beam airection g, d
. . 11350 #5¢t 907

— Qualitatively,

Observed IeSS Yertical Position FFT PED Verical Position

motionnearthe [ 1 T T T T 7 —ww| U | | =

support post -
— Data are _ |
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— Normalization? o

* e.g. blue at 10Hz ., o
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~14nm right plot - )

f[Hz)
A.Bosotti et al., PAC2005
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Vibration study at TTF in cold
* Heiner Brueck et al., TESLA Meeting, Hamburg

03/31/2005

— Piezo sensors

(cold) at the
quad, in X and
Y directions

— Sensors on top
of the module,
on ground,
support,
+geophone

Quadrupole at the End of the Cavity
String in a Module

.: — . .- l 1"-.?:' v ——_._._,_‘___‘_‘___‘_‘_jﬁ ~ o |

—- I_. = A \ \

s B Ll

ks t]. I £

7 PO 3
B

’ -"
3

¥
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\

Module 4

at ACC4
Piezo of TTF
sensors
March 31, 2005 H. Brueck, DESY 3

Heiner Brueck, et al.

Nanobeam’05 andrei seryi

Frank Zimmermann, 17.11.2005




TTF vibration study — pump
= modification

* Decouple pump from
cryomodule use flexible

Heiner Brueck, et al.

Nanobeam’05 andrei seryi

Frank Zimmermann, 17.11.2005



TTF vibration study — vertlcal

Vertical Sensors Module #4 Ifh Vertical Sensors Module #4
With or without el L WE
pump modification Cold
=> improvement il rop iy
p 0.1 o _\; 0.1 :"\u._ —
Quad vibration P R mers NN
about 3 * tunnel i M 11T} iy i
'vsT; , 00 & RMsT; , O
Low f — noise of  |=. N e, ° \
electronics \\‘j
. . 110 ° : 110 ° ‘:1
Horizontal motion . 3
about twice Iarger \ RMS average, midnight = 1 hour \\

Also studies forced 1t " 10 "

f.f.f. 5. fe f.f.£.1,. fe,
17717717 7 e 1771771 T e

vibration of HERA
dipole cryostat —
observed strong (*10) resonance at 14.5 Hz

Midnight data may be close to XFEL goal, overall may need up to a factor
of 2 improvement to reach 0.1c stability goal at XFEL (not relying on
feedback)

For ILC would need factor of several improvement

Heiner Brueck, et al.

Andrei Seryi
Nanobeam’05

Frank Zimmermann, 17.11.2005



Animesh Jain

Suitability of Laser Vibrometer

* Motion i1s measured by the Doppler shift in frequency
of a laser beam bounced back from the object.

* Non-contact method — suitable for tight spaces.

* No parts are installed on the object — suitable for
cryogenic environment and in magnetic field.

* Has the necessary resolution ~ nm at low frequencies.

* Some drawbacks:
— Requires “line of sight” to the object (add viewports)
— Measurements are sensitive to the motion of the
laser head itself:
* Use a dual beam fiber optic laser head (diff. meas.)
* Many iterations of the laser holder design.

Animesh Jain, et al. Nanobeam 2005, October 17-21, 2005, Kyoto, Japan [\| ano b eam ! O 55



Animesh Jain

Performance Tests: Dual Beam Mode
.Itive motion
assumed small

Geophones to
monitor Granite

i

——— >y Table Motion

I W |
- —_‘-:“ \\I\\\\

relative motion of
he two spots

Animesh Jain, et al. Nanobeam 2005, October 17-21, 2005, Kyoto, Japan N an O be am ’O 55



Animesh Jain

Laser Set up for Horizontal Measurements

-
S

NN

AR R
T S Both beams at the,
\ - \\‘1“ 8 Same height, to

' o ensure similar
’motlon

Geophone to
L monitor
¥, holder motion

View Port for §
Cold Mass

Retroreflecting Tape
for Reference Beam |
in Dual Beam Mode &=

Mirror Termination

for Single Beam
Mode

l ‘ |

ﬁ Nanobeam 2005 October17 212005 Kyoto, Japan NanObeam 052

Ammesh Jain, et al.



Animesh Jain

CQS Cold Mass at 4.5K; Dual Beam; 08-SEP-2005

1E+00 .
. i Horlzontal Motlon i
E ' Dual Beam Data:
\3‘ B  Less Sensitive to 3
& . Holder Motion !
ﬁ . | | | [
= 1E-O1 L -
= Flow-1/ No Flow/ Flow-2
g‘ 59.5 to 61.0 Hz: 111 nm/ 148 nm/ 99 nm
> 88.5 to 89.2 Hz: 16 nm/ 13 nm/ 18 nm
7 ) 119.8t0 120.2 Hz: 15nm/ 7nm/ 17 nm
2 1E-02 -H{Total RMS > 1 Hz: 290 nm/ 281 nm/ 285 nm
= IR R
qb}) = Without He Flow
E — With He Flow; Meas.1 3

= With He Flow; Meas.2
1E_O3 l i NN } i l R ek
0.1 1 10 100 1000
Frequency (Hz)

Animesh Jain, et al. Nanobeam 2005, October 17-21, 2005, Kyoto, Japan N an O be am ’058



appendix:
formula for emittance growth with random
beam-beam offset

Frank Zimmermann, 17.11.2005



emittance growth from noise
including decoherence & feedback (Y. Alexahin):

lde . 1-s, (A%)° 1

cdt " 4 Gf g 2
1+
&=

g~0.2 feedback gain, £~0.01 total beam-beam parameter,
So~0.645 related to the fact that only a small fraction of the
energy received from a kick is imparted on the continuum
eigenmode spectrum

1% emittance growth per hour
— Ax=1.5 nm with feedback
— Ax=0.6 nm w/o feedback

Frank Zimmermann, 17.11.2005
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