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. SuperFilter
10 - ===~ Standard filter

10 — — - Thermal noise level
-27 | —— Filter #0 improved blades
1078 — == One more filter
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Tutte le soluzioni sono il livello di rumore termico atteso,
ma e possibile che i livelli delle risonanze siano errati.
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Figure 10. Additional constant term in the electromag-
netic energy resolution for 3HF (500 ppm) fibres with radi-
ation hard cladding (black dots) and for SCSF81 Y9 fibres
with standard cladding (white dots), as a function of the
incident electron energy.

to measure jet, single electron, single v, W, Z
cross-sections, and to search for top quark, high-
mass (myg > 2mw ) Higgs, or new IVBs. Coupled
to the excellent hermeticity, the spaghetti calori-
meter is also adequate to look for the production
of new weakly interacting particles.

Due to its rather coarse electromagnetic reso-
lution, the search for low-mass (mw < myg <
2my ) Higgs in the most promising channel
HO%—~~ will be somewhat more difficult with a
spaghetti calorimeter than with an homogenous
electromagnetic calorimeter, e.g. LXe or crys-
tals with resolution ¢/E ~ 2%/vE. However,
the capability of the spaghetti calorimeter to dis-
tinguish very nearby <4’s may turn out to be a
decisive advantage if the backgound from jets is
higher than expected from present calculations.
Moreover, the very small Moliere radius of the
spaghetti calorimeter and its very fast signal re-
duce to a minimum the effects due to energy pile-

up from different events and from different bunch -

crossings.
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""" 2) Interferometer locking feed back

forces
m 3) Positioning actuation

m 4) Internal modes damping

- 19/02/98 2



1) Seismic Isolatio

a) Active Top of chain

mb) Passive Middle of chain

mc) Passive attenuation

+ locking actuation  Bottom of chain

19/02/98 3
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3) Positioning actuation

| From top of chain

Only flexural movements

m Soft (low frequency) mechanics

m Mechanical DC forces

m Electro magnetic dynamic forces

19/02/98
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degrees of freedom (d.o.f.)
m Conservative rule:

@ alternate vertical and horizontal stages
® < 100 x attenuation in each stage

19/02/98



Attenuation
E+00 - X————%

—— Horizontal

-E-01 1 —x- Vertical

1.E-02 -
1.E-03 -
1.E-04 -

1.E-05 T
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ttenuation in different d.o.f.
~ must never lag by more than 100

m Limit even more true for active damping

) Can turn around with software
" corrections on and from all d.o.f.

m (DSP control, multiple in-multiple out)
m must not push too far
m If x100 achievable passively

=> go passively

19/02/98



Based on accelerometer and LVDT

signals

m Electromagnetic actuators

m DSP gain structure to follow resonances
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A posszble techmcal Solutlon

Vertical attenuation steps between
each horizontal one

Warning: Final double pendulum is only
horizontal

e Require more vertical attenuation towards
bottom of chain

19/02/98 " 20
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Active feed back systems stop

at r.m.s. sensitivity of sensors

and

m at their systematic limit

19/02/98 10



Top stages ideal for active aftenuation
1) need positioning actuators anyhow

2) seismic signal still strong
* => sensors still sensitive

m 3) their systematics filtered by the the
chain’s passive elements

19/02/98 | : 11



Top stages B

interest to have ultra soft mechanics
1) attenuation 1/(f-fo) “ starts early

2) soft actuation
e =>Jow power consumption
e =>/ow noise injection

m 3) residual motion reduction

19/02/98

12






suspension of top stage

all blades are

2 m long

.5 m wide

1.2 GPa max load:

5 mm thick

hold 127 Kg

with fo = .219 Hz

to hold 1.5 tons

12 blades in stacks of 4
k =242 N/m / blade

k =2906 N/m

7 mm thick

with fo = .259 Hz

to hold 1.5 tons

6 blades in stacks of 2
k =664 N/m / blade

k =3987 N/m

10 mm thick
with fo =.309 Hz
to hold 1.5 tons
3 simple blades
k =1937 N/m / blade
k =5812 N/m



Attenuation
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ACTIVITY REPORT

28/11/94 21:89

TOTAL TIME TX = B2:05’ RX = @9:24’

NO. |DATE/TIME TIME DISTANT STATION ID [MODE PAGES |BOX|RESULT |S.CODE
@57{22-/11 22:48| 02’'28"|+49 40 89983092 RX 294 NO 39C2
P58{23711 ©8:43| 90’31" |CERN/TELEPHONE-T RX (5% %4 OK /% %1%}
PEB|23/11 @9:45| 08°48"|91172545455 TX Bvv/081 NO 41A9
@59{23711 ©9:48| ©0’0B" |BB91172544533 X 0Ba-081 STOP 1088
@61|23711 @S9:5@| ©8@°27" |32 2 2962239 TX 891,091 OK ]}
pe2(23711 ©S:52] 99’'08" |¥E3222962239 T 757 g 7 4§ STOP 19860
06323711 11:1S| @7°'57" |39 48 3756258 TX | ¥ga v oK 5]
064 (23711 13:49| 91°24"|B734 352684 RX va3 oK 8889
PE5|23711 14:45| 85°46"|31 S998 13510 IR 910-810 oK %]5]5]%]
B6e6(23-11 15:56| 15°@3" @51 249847 TX 824,824 OK 0145
06823711 16:41( 01°36" 88186292 RX 885 oK vuea
B67(23711 16:45| 08’44"|41 1 738 15 @2 TX 981801 OK %)% %)
96912411 18:17| 88°44"|41 21 644 4499 RX aa1 OK 155505
g7a|24-11 11:49| 01°19" TX 882,082 oK %]%1%]5)
@71|24-11 11:49| ©98°38" |31 5808 13510 ™ 082,882 oK 7]%]%]%]
B72124-11 11:5S6| 08°36"|+49 40 3296923 ™ 892,882 OK (5] %]%]%)
B73j24-11 15:15| 98'88" | 0891172544333 X 8v8-/801 BUSY 14C2
@74(24-11 15:18| 9@’45" (91172545458 TX 090091 NO 41AQ
B75(24-11 15:45 91°03" (@851 14 772905 RX (1% 24 OK %254
@76|24711 15:57| 88'34"|881086292 X 0e1,/681 oK ]%1%]1%}
@77 (2411 16:@7| 90’32"|+33 1 69333082 X 091,001 oK %]%/%1%}
@78({24-11 16:16| 81°08" |39 81 2394508 RX 283 oK (51755
9739|2511 B6:22| 89°48" 91172545453 RX 0881 oK 75]% %)
P8a|(25-11 ©8:59| @@’ 37" 3825519 RX 0o1 oK []51%]%)
P81(25-11 18:25| 90’38" 81332776631 T 091091 oK %]
@82125-11 12:13| 80°00" |983388166615 TX 0oB-891 STOP 19806
P83{25-11 12:15| 90’39"|+3388186234 X 081691 OK 4055
B84|25/11 13:13| 88°26" |41 21 6544 44909 RX 091 OK %1551
@85{25-11 13:17| ©8’47"|8851 14 772985 T 081001 OK %]% 5%}
@86[25/11 13:489| B2’62"|022 344 48 33 TX 083,083 oK %1% %%}
@87|25/11 14:81| ©02'02"|041 215757 RX va3 oK %]%1% %)
888125711 15:35| 90'55" |41 22 7676560 RX ve2 0K %]%]%]]
©8S({25/711 16:34| 92'88"|+49 6286 59543 ™ 093,004 NO 41R0
PS@ (25,11 18:02| ©5°95"|839 2 76813373 X 806,006 OK 4]5]%%]
29128711 ©8:25( ©91°39"|+43 1 5447589 TX 293,883 OK 15]5/%]%]
@93128/11 11:42 9918187953951 X S_JAM S8
@92|28-711 11:41| 22°55"{157881596 ™ 841,041 0K %))
@S4128-11 12:11| 13’88"|15708196 TX 829,829 oK %)%)%)%
@95i28-11 13:539| 17°41"|31 59@8 13518 TX 032,832 oK (4]4]%)%]
@96(28711 14:28| 81’24" 41227679060 RX 083 oK %1% 0%]%}
@97({28711 14:47| 91°0S"|051 245847 TX ©B3-083 oK %97 5]
@98|28-11 15:38| ©9@’33"|+49 211 4397462 R¥X 091 oK 5% %1%
@99128711 16:47| B4’'@9"|B11 6693573 RX (54155 ) oK 35A0
160|28-11 16:52| 98'27" (811 6639573 RX . 091 OK %1% /5]%
10128711 16:55| 08'56" |0B865272480 RX 281 oK %]57]%)
182|28-11 17:91| 85’91 |33 81 2394588 TX 812912 OK %517 1%}
183128711 17:14) 01’6@" RX va1 oK ]3]
184128-11 17:34| 17°37"{31 5908 13510 ™ 932,832 oK (5]
185|28-11 19:33| 91'21"|0039885442470 RX va3 oK (5% %[
198|28-11 21:88( 80’SH"|4848945681 RX 093 OK %445
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Inverted Pendulum Transfer Function
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{
return (GX->r4y)

}

double GX_dx(void)

{
return (GX->dx) ;

}

double GX_dy(void)
{
return (GX->dy} ;

}
double GX_dz (void)

{
return (GX->dz) ;
}

double GX_dtx(void)

{
return (GX->dtx) ;

}

double GX dty(void)

{
return (GX->dty) ;

}

double GX_dtz(void)

{
return (GX->dtz) ;

}

GXDSP.C

Page 2
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Inertial Damping

o 17  B- o B]
AM A, SA.z[O Sﬂ]
Sr=[s, 0]

# Transfer Function Matrix

H{S)= Ao (6 I=5- A= 4] +
+87 8,2 I-s Ay~ 4, +

G(s)= 5, Hs) B,

. : | -~
H(s)=diag(im.i.h) +5 Ay(s? T-5 Ay -4, +1
Aspen Winter Conforence Aberto Geroui
Jannery4-10, 1998 Gravitational Waves And Their Detaction IN.FN.Disa

Slide 13 of 24



2llq¢ 12 oL 3¢

\ SNSRI M2 NPIY 110D, T cyon THLH bt
FUmALIC 1068 nh e @%ﬁs VPO, Qe
oo | 9)
R e, , A v

e

[ueLgy] pywbm®

Ril2f BLSAIONZ JAGXI ['92f  [uqex Howe jext



AHy .
PV
— > D ) ‘cvvs
AY,, - Z
AUpperPat N
v VPZT‘ Lower Part ¥
Ty . 8, : PZT' )
2
——
R
Aspan Winter Conforence Aberto Gemai
January4-10, 1998 Gravitational Waves And Their Defaction INFNDis

Slide 10 of 24



First Ptevious Next Last Index Home Text

Inertial Damping
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Tlmng Summary an

-600 10800 ns 6 c hanrels wad/write cycle onthe VBeX bus
Io2ws Readfumite cycle on the RAM boad (VSB Bloc k Transfer).
Sus ADCs conversion time..

12w DACs conversion time.

About 40 us available for DSP opemtiors (300 instruction - about 200 poles and 200 zeros) with a sampling rate.
of 20 kHz (single sample delaybetween input and output).
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Interferometer locking feed back actuation

1) higher frequencies

2) lower forces (still need no standing
forces to avoid power dissipation and
noise injection)
m3)70 " 10" m for last active stage

e limited by signal mixer | |
m4)10 ° 10 ™ m for 2nd last active stage
e 10 'Xquietness os S.A chain residual motion

19/02/98 s



~ Bottom of Chains
Interferometer locking feed back actuation

~ (tilting locally or movements at higher
stages)

m 6) Highest possible Q (thermal noise)

19/02/98 | 15



a) X residual motions
b) X occasional forces

a) attenuation from lowest possible
frequency and damped resonances
* active isolation helps

m b) small releases from mechanical | ..
systems (example cables)

19/02/98 ) : 16



Example of Small energy releases

| force necessary to movef pendulum 5
m tall, 500 Kg by 1 nm.

F mge = 5000 (1 10 /5)—10 "N
mE=12Fx=10"J=10"eV

m Cables that are far from the axis of:
suspension can easily do that

e Eliminate cabling, Marconi project

19/02/98 17



Suspension Isolation Task Group

Physicist (general) g Ge"?- logic
Physicist (general) g ActUators/sensors
Physicist (general)  w Integration

m Physicist (software) g Simulation

m £ngineer (mech.) m Mech. Design

m Engineer (electr.) m DSP

W Engineer (electr.) m Wireless

® Engineer (vacuum)  w Compatibility

19/02/98 25



rototyplng needs

Will use every possible cm in height
* double crane beam in site

m Test hall with similar Ligo height

m Interested and competent group locally

19/02/98 26



ast experience in Vzrgo

prototyping of each com,bonent
e conception and design 6-8 mo.

e construction 4 mo.

e testing 4 mo.

e production of final product

m capitalize on Virgo experience

m only 2-3 new components to prototype
for Ligo

19/02/98 27
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