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Context : Marginally stable Signal Recycling cavity in AdV+

e Advanced Virgo Plus (AdV+) is a Dual Recycled, Fabry Perot Michelson _ 150 100 _§§dewnmg from RSE [%) 100 150
interferometer which operates in the so-called Resonant Sideband o 3 Lo f | | a1 | '
Extraction (RSE) configuration for broadband GW detection. é)l 08

* The Signal Recycling Cavity (SRC) is marginally stable: the carrier field is ‘g Lo
anti-resonant inside of the SRC while the Higher-Order Modes (HOMs) o ¢
are transmitted out of the SRC (@spc ~ @HM ~ 1 [2]) : o @_m = CH 2%

Psrc + @M = 2ngoy o por % S T ST Z2 i U AU S WA N A

> Any spurious HOM generated inside the ITF leaks to the detection photodiode. s —1 -2 N detumngc';mm CSE o] 2 v

» HOMs contributions are hard to estimate and cause trouble for commissioning, bothin ¥ = . Plot: normalized power at B1 (output photodiode)

DC (contrast defect) and AC (optical spring). They could also degrade squeezing level.  veecena

Photodiode [&]

A when scanning SRC length (SRCL) for 00 and HOMs up

ton+m = 10 (blue = 00 mode, red dotted line =
RSE setpoint). Simulated with Finesse 3.

> In this poster, we explore the opportunities and the difficulties of the Detuned Resonant Sideband Extraction
configuration as a possible solution to current commissioning challenges.

The Detuned Resonant Sideband Extraction configuration

Optical scheme Choosing the optimal detuning — ENS unges 109 M - 4t 1200
* In RSE the macroscopic SRCL tuning (W|th 100 A 0 Ontom soir T Aol T o oAt eor —102 " NS ranges 774 My Gt T00 mn E
; ; N —— BN range: 73.4 Mpc -- det 120.0 nm
respect to the carrier) is @srcrrsE = 3 00 “prsg < 0 (Optica Spr?n ) (p’g’RSE (Anti sprng) <) i
* In DRSE the macroscopic SRCL tuning (with §‘ =
respect to the carrier) is defined as Y 60 *E
_T = Z
PsrcL,pRSE = 3 T APpRrsE S 40 S
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» In order to reduce the transmitted HOM % 20
power by a factor of 10 : S B o e e
70 nm | L E P |
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detuning [nm] . .
~ 4+ 120 nm (DRSE has higher BNS range than RSE) » Optimal BNS range obtained for A@prsr = —70 nm

Lock acquisition & length control of DRSE AdV+

Control strategy | | . | Simulation results (Finesse)

e Simple strategy: add an offset to SRCL while keeping the same DC loops for the Target theoretical DRSE (LSC * 04 high loss budget, steady state
other longitudinal DoFs as in RSE. But due to the non-diagonal sensing matrix, a i loops open, error signals not without misalignment & HOMs.
detuning on SRCL also shifts the error signals for the other DoFs away from 0 T 210 W n’o length offset) > Length tunings (in pm):

 We compare the theoretical case of DRSE (no consideration of control loops) to . Initial
the realistic one, which requires to close the control loops on the DoFs. L _HH_D setpoint Theoretical Realistic

we | Theoretical case: add SRCL A@prsr = #fb==-d] north eng e 252
Initial setpoint (RSE, LSC — 70 nm + compensating DARM offset | P et g 277 2.55 L0
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Cleaner Signa|s at 0. no |ength - -~ ode e“;niﬁ ] o, West input : 0 0 -23.8
’ - S— Power recycling |0 0 16.5
offset, DC readout) _ -7 15 | Signal recycling |-266000 |-196000  |-195161
%W, _--" Achievable Realistic DRSE (LSC > Carri distribution (in W):
- SN . loops closed, all error signals arrier power distribution (in W):
100w Faraday BS at OW, extra length offsets) i Initial setpoint Theoretical Realistic
Laser pﬂwéop HH |[ Igg . PN Input 23.4 23.4 23.4
PR oo || e o Ns Northarm _ |1.02x10° 1.01x10° |1.01x10°
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______________ - Realistic case: Add B4 _56_| offset (SRCL 1 “ﬂ Beam splitter 723 - 723 - 723 -
_— Esq eeeee ) Pound Drever Hall photodiode, “mW) to ? 777777777 @y Output 7.96x10 7.97x107°|7.97x10
ooy have Apprsp = —70 nm ol i » Optics “close” to their initial setpoints
+ close DC loops Lo » Power distribution unchanged

Optical spring Quantum nhoise reduction

* As reported in literature, DRSE produces resonances which depend on the Ijm’ * With Frequency Dependent Squeezing

interferometer’s characteristics (power, SR transmissivity, SRCL detuning). r 3
DARM TF (length excitation) DARM TF (force excitation) "

e RSE
= KN
:] —— Target DRSE

~— Target DRSE
= Achieved DRSE

(ééjeegzv:g;out(FDS) with the Virgo filter cavity (FC), no
broadband quantum noise reduction in
DRSE since 2 FC are needed.

.- Figure: BNS range for -70 nm DRSE when
| ..5 varying squeezing input angle & FC

5o 8 i - s ; = - w»  detuning, for current FDS specifications.
L [ []] | «» » Marginal increase of 5 Mpc in BNS range
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» Comparing the theoretical and realistic DARM transfer functions using
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Conclusion

optical spring behaviors at 35 Hz (A@prsr = —70 nm). problem of marginally stable cavities & improve BNS range by up to ~15 Mpc.
DARM Length TF for different detunings DARM Length TF for different detunings e Simulations done so far show no particular issue transitioning from RSE to DRSE in DC

setpoints but predict challenges in the AC feedback loops to control the optical spring.
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Next steps
0 —_—

— o deumng. » Simulation of misalignment, HOM propagation & noise couplings.
MRy EApeimalt \ T » Following the simulation results, possible experimental tests of DRSE in AdV+ for

o phase | or II.
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» Spring/anti-spring and resonance frequency depend on A@prsg and will References

. A.Buonanno &Y. Ch , Quantum noise in second generation, signal-recycled las ‘erometric tational-wave detectors, Phys. Rev.D  * . Bond et al., Interferometer techniques for gravitational-wave det n, Living Rev. Relat

.
I nfl e n ce t h e A‘ fe e d b k I ¢ J.Harmsetal, Sq d nput, optical-spring, signal-recycled gravitational-wave dete: Phy R D . . Hild et al., De onstration and comparison of d nd det d g I y cling in I g cale gra ional wave detector, Class. Quantum Grav.
u a C oo ps [] . Virgo collabor: F equency d p ndent squeezed vacuu e for the Adva d V g gra Iwav e detector, Phys. Rev. Let. . B at| h al., Tuni gAd ced LIGO t kI h g als f rom neutron-star collisi Phy Rev. D

. R.Wa dL ghS ing and Control of a P otype Ad dI f omerchrav IW D r, PhD thesis ¢ . ittle e IOplmaId gf qua numfl s, Phys. Rev. D
. 0. Miyakawa et al., M surement of optic I espon: fade uned resol sideba d ongravi nal wave detector, Phys. Rev. D ¢ . Dingetal.,, ing the g al recycling cavity: prel Imln ary results, Virgo Week pre n VIR-0366A-23




