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Introduction Pl Loob Resonance Control » The cavity behavior was modeled by using an LCR circuit, note that
P the same behavior can be arrived at by using the cavity field and
« Two 2.6 GHz cavities are being used for dark photon search at VTS expanding IN the Cavity eigen modes
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. During testing at 2 K the cavities experience frequency detuning | o 2+ (@2 £)Ve = Riwy/z (k) (EQ. 1.1)
caused by microphonics and slow frequency drifts. T _ | V. — —L®1/2IRF [1 _ e—(w1/2—iAa)E)t] (Eq. 1.2)
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* These two cavities are equipped with frequency tuners consisting g 00 ] ; - | | | P
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« API feedback loop was used to control the frequency of the emitter - ' oo | N
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* The integration time was also calculated with a simulation 001 02 03 04 05 05 07 08 09 g / § 1o Nz
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| Figure 3: (a) Frequency stability of the receiver cavity using a network analyzer. The o2l / )\ 12 / VA
Emitter = B S i cavity frequency drift can be linear or can plateau. (b) Frequency stability of the l . /] T e ea
; emitter cavity with a gradient of 15 MV/m and piezo DC voltage of 108 V. 10° 10 Ti:nO:[s] 102 10° o P
- % * During testing microphonics and slow frequency drifts can be observed @) (b)
22 o 9 _ 9 P _ _ 9 y . Figure 5: (a) The simulations are done with no Pl loop and linear cavity frequency drift.
Q%é?\ * The cavity frequency is recorded using the VTS system that utilizes a For the emitter frequency change rate is 5Hz/hr and for the receiver it is 2 Hz/hr. (b) PI
- frequency counter and a network ana|yzer (see Fig_ 2) loop on the emitter, Emitter frequency change rate is 0.1 Hz/hr and for receiver it is 1.7
§  Fig 3a show the frequency shift of the receiver cavity, the rate of Hz/hr
gng change is ~ 10 Hz/hr , both cavities exhibit this behavior at low field For the receiver, the same equation 1.1 is used except the driving
2 « At 15 MV/m the shift is 657 Hz in an hour for the emitter cavity term Is . )
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« A Pl loop on the emitter was implemented to reduce the drift, a I, I _[1—e (“’% Awg )) | (Eq.1.3)
(a) schematic of the setup is shown in Fig 2 w%-iAwE(t)
b) * The Pl loop implementation reduced the frequency drift from 657 Hz/hr » Eq. 1.1 for the behavior of the emitter is solved using Runge-Kutta 4
Figure 1: (a) : Left picture shows the setup of the experiment. The right picture t0 0.1 I-_IZ, See Flg 4a : : : : : * The frequenCy shift of the emitter is given by Awg = 50)510“’"5 and for
shows a schematic of the process of dark photon production and detection (b) * The piezo voltage during this period changed by 0.428V which is the receiver cavity Awg = Awg + dwgjow g

equivalent to 314 Hz (see Fig. 4b)
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* With no Pl loop on the emitter the field on the receiver drops to 58 %
after 200 s and to 2 % at 1 hour

Table 1: Figures of merit of both cavities, the
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[Hz] : : ; ] i | AT s ") \ | * Result with Pl resonance control on the emitter reduce the slow drift
Emitter  104.7 584 442 %108 o | T : ' from 657 Hz/hr to 0.1 Hz/hr
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Receiver 104.7 056 4.64 %10 5 f"”‘”‘;‘.*f;;';“”‘ £’ NG | » This improvement in frequency stabilization improved the frequency
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SRR 2! Y | matching capability which will greatly help increase the dark photon
Figure 2: Setup of the Pl loop for the 115.25 | HH“HE | search Sensitivity_
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- | t s of ¢ " Hioh will b led th Time (hours) ° " et ; » Simulation results show that even with a Pl loop after 1 hour the field of
© experiment COnsIStsS O WO cavities, one whith will be called the (a) (b) the receiver drops to 15 % of its initial value
emitter cavity and the other the receiver cavity Fi 4: (a) F drift of the emitt ity is shown in bl d for th i A constrain of integration time is calculated to be about ~200 s
. : : _ igure 4: (a) Frequency drift of the emitter cavity is shown in blue and for the receiver . ~
_Th_e emitter V_\”” be powered OD anq Create_ eleictromagnetlc field it is shown in red. A frequency counter is used to record the frequency on the emitter
iInside the cavity, the field from this emitter cavity will then create dark and NA for the receiver. b) Voltage of the piezos on the emitter cavity with PI
photons which can be emitted outside the cavity algorithm. us.oEeaxruentor | Office of
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» Resonant enhancement of the receiver signal is achieved when the Integ ration Time Simulation
frequency of the SM photons, that result from the conversion of the o o | S | o | | |
dark photons from the emitter Cavity matches the frequency of the e The purpose of this simulation is to estimate the field inside the This material is bas.ed upF)n work supported by the U.S. Department of Energy, Offl(':e of Science, National
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