| UNIVERSITYOF
3’ BIRMINGHAM

FHRBRHI[IO=60D
S — LAY R33 L—H—F—FR=EE

BLELF
University of Birmingham
OENRARRRNE




UNIVERSITYOF
BIRMINGHAM Contents

B = K R

= Einstein Telescope (ET)

= FEEEOENKREBRORMES
s 55— )ILHYR (LG)33E—FE—LIZDWT

" ENRBRHRICBITAEME

= HbHAE—F

= YA E—F
= LG335EER

LGE— FDAER

FYETa—

Sl EES
FBRERESEDTFE

oth April 2010 Keiko Kokeyama 1/26



UNIVERSITYOF
BIRMINGHAM Contents

®

AD |

ALTA

i R
- U

B N B Ry A
= Einstein Telescope (ET)

FREEDEAKIREHZDRME

oth April 2010 Keiko Kokeyama 1/26



BIRMINGHAM Einstein Telescope (ET)

AD
ALTA §

s

o pER
= “ARDUAl
W

w24

= E=HA EHRBEHS
EINSTEIN TELESCOPE

gravitational wave observatory
CENTRAL FACILITY

= EONaSHRL—ar (k
AI AFIR AZ)T .7
VR FIUF)

= 20205 ~?
= DAR30kmDOH TR RIL

© ZAROWE(RATILY
LF SR = Fib
BHEARE )

Length ~10 km
-

TUNNEL @ ~5m

" RVADUTGRE DEEFEM

oth April 2010 Keiko Kokeyama 2/26



UNIVERSITYOF ;E;L%E  w

BIRMINGHAM nr B
o e T FHREETIE, 235 (X
: 1= = = Quantum noise : : : —_— N »
10_21"""“"'; Suspension thermal noise SRR ERLESRESSE R ‘iAd VIRGO\ :I_T’f/b
Silica Brownian thermal noise | -~~~ -Ij-—',?)[,/{f) MEIREIZE
Coating Brownian noise : : ] - S+
Coating thermorefractive noisgq - - : v 4 %) hth\ *EI ﬁﬁé’hafll \%) )
102 E Gravity Gradients SRR <R
| = Total noise 11

Adv LIGO

Strain [1VHZz]

Ad. VIRGO noise budget

Frequency [Hz]

Mours, B.; Tournefier, E. & Vinet, J., Classical and Quantum Gravity, 23, 5777-5784 (2006)

oth April 2010 Keiko Kokeyama 3/26



UNIVERSITYOF ?l:'-‘}tl. ng,E  w

BIRMINGHAM 738N =
T | REREE T, BME (R
- | = = = Quantum noise S : - —_ .
10'2‘-3;;{;.{7;3 Suspension thermal noise EREEIRSEREE BEEE: nid ‘iAd VIRGO\ :l_T'fJO

iilic? Brcéwniar? thermal noise ﬂ—?}b/z{f} 7§§ﬁ:ﬁ%(:7‘;
oating Brownian noise S é:ttﬁqﬁ,ﬁﬁéhrb\éo

| = = = Coating thermorefractive noise
Gravity Gradients

F 0 PN\ | = Totalnoise HiEal AEEt
S Adv LIGO ]
S
o

Ad. VIRGO noise budget

Frequency [Hz]

ST—ILADA(LG)L— —E—FHABMETETIT5=0IZ1R
EIN,ETTERIZBEIN TS

Mours, B.; Tournefier, E. & Vinet, J., Classical and Quantum Gravity, 23, 5777-5784 (2006)

oth April 2010 Keiko Kokeyama 3/26



UNIVERSITYOF
BIRMINGHAM Contents

= S5—JLAIRX (LG)3BE—FE—LAIZDIT
= EAREHRICRITARME

oth April 2010 Keiko Kokeyama 1/26



P oM LG E—RFE—A
&7 TILI—FHHR (HG) E—F LG E—F

e e Amplitude

Phase

9t April 2010 Keiko Kokeyama 4/26



UNIVERSITYOF N o
BIRMINGHAM LGE — L. D /\J—7 B

)
o
=
v
§-
3
—
[
—
oh
Q
=
=
—_

JOUIA "A'T pue [eaeT | Aq

Integrated beam power for modes with 1ppm loss on a mirror with d =35cm

oth April 2010 Keiko Kokeyama 5/26



UNIVERSITYOF by v
BIRMINGHAM LGE — L DEAHB

S(ﬁ_gmBTl_1—a2
HGO00 mode: r T 7Tf Q2ﬁYw

4kgT 1 1— 02

LGnm modes: Sa(f) = f Q2 5Yu Qy,
 4kgT 1 8 (1—07)
Flat beams: Sz(f) = 7 O 32270
a, =1
a =0.5 h
m = S LG33hss = —
X, (a2 =031 P18
a; =0.25
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Reduction factor of LGoo/ LGs3 LGss Mesa
thermal noise HGoo beam

Coating thermal noise ~2.2 ~2.3 ~1.5
Substrate thermal noise 1 ~2.7 ~2.7 ~1.8
Thermo elastic noise 1 ~0.6 ~04 ~1.8

Tppm ZUwE I ORIZHIET HE—LHY A XERTE

References:

C. TN: personal coammunication J.-Y. Vinet
S. TN: Mours et al. . CQG 23 (2006),5777
T. E. N: personal communication J.-Y. Vinet
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Figure 1: Phaseplate images and the corresponding diffraction patterns. The plots a) to d) use the same phase
plate to create a helical LG33 mode but are created with different groove width for the blazing: a) 2.123 px, b)
3.7302 px, c) 5.302px, d) 10.302 px and e) 15.302 px.
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