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Experimental results are presented on+Chs effects of X-ray radlstion on

supmreonducClng s_ples of polycrystalline YBaCuO and BISrCaCuO. The rsdlaClon

-- effscCa are detected by +changes of Chs magneClz_tlu, u£ Lhc s_ple using I SQUID

-- magnetometer. Is, Lhw prudence o£ radiacton, eh0 changes ,in maSnett.zation

correspond co release of trapped flux, fluxon destruction, and to low freq_ncy
holms due Co flux flow.
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I. INTRODUCTION

The interaction of high frequency' slectromagneti'c radiation with a

superconductor loads 1:o Interesting phenomena which deal wlth fundamental

aspects of superconductivity. Such interaction can also be used for the

detection of electromagnetic waves. This work presents preliminary rmsults on

+__ the interaction of X-rays with high Tc superconductors. +'

The response of thin luperconducting films to optical photons is mainly

-- governed by the txcitatlon, o£ "phase slips." 'i_is is usually detected by

current-biasing the film and measuring the voltage across it. Thin films are

__ ,,mad am .x ra arbi*v@ f_e+t response, hitch sensitivlty, and _o lead co more than

Just heating effects by scattering photons off Cooper pairs and crsatln_

quAslparticles. Josephson Junctions can also be used £or detecting optical and

higher energy photons by measuring the change in the energ_v gap when energy is

__ ._.r_o_ -r _y _i_ v-i_ch##. $1n_+ butk h_ Tc superoon_uo_oro are &ranular

with ali sorts of defects which act as Josephson junctions and which decouple

thermally the grains, ws have combined the above geatures to study the magnetic

response of bulk granular s_ples. They are biased in a magnetic fleld and the

response to X-ray radiation is monitored magnetically by a rf SQUID

magnetometer.

In a _egular type II superconductor flux s cs','ts Co penetrate a sample at

a field Hcl by creating fluxons. As the field fs increased the number of _

fluxons also increases and this causes the diamagnetic magnetization of the

_-- sample Lo decrease. For a high Zc lupereo_ducto_, the p_esence of grain

--. bound&rlts, twins and othe_ defeQ_s, leads to the fore, flea of a random array of

-- _leld to pe_e_L:_Lu _L £l_ld valu_ much les_ thau the col_ve_ttlot_al Hcl. The

magnetization of such samples was studied here in the presence og X-ray

radiation.

II. _PZRI_F_AL D_+TAILS

Ve studied polycl_stalline samples of YBa2Cu307 andBi2Sr2Ca2Cu_O x.

-- _ey were approximately 0,25" x 0.25" x 0.20" in shape. Ita_notlzation

measurements were taken In a rf SQUID malnetometer where the flux o£ the sample
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-- ras coupled to a 6 turn cell Vlch icm ld, This cell was part of a gradlomete_

with ,t baseline of 1.625". Shielding of the gradiomstsr ras .provided by a lead

-- _be, 0,O01" thick; this tube was al,so used to trap the magnctlc flcld H in

which the sample magnetlzation was established. The samples were cooled in

magnetic fle_ds ranging from the earth's fleld to 75 Gauss and magnetization

m_asurements were made in each ££eld at 4,2 K. Fig, i shows the experimental

set-up, Nith the sample at 6.2 K, the magnetization was monitored as a beam of.

X-rays was sent on it. The X-ray d_mA_ was _n_,r_d by ra£sin_ the

-- accelerating voltage up _o 250 kW. AT 200 kV the fluenc_ w_ 2.7 x 106

photons/sec/cm 2 The source of X-rays was a modal.# •

m

Ili, RESULTS

In the preliminary results reported here we have studied the low

*freqv_ncy r_gponse of the magnetization of high Tc sample _o X-ray radiation. L

The magnetization as detected by the SQUID ma&netometer was monitored at a given

-- X-ray dosage, The X-ray dosage was varied by adJu_CLItg Lhc ucceleratln z

voltage; measurements were made up to a maximum voltage of 250 kvolta. Computed

photon enerKy spectra at the position of the sample show that the maximum number

of photorts ras peaked at an energy of 50 keV. This fs shown in Fig. 2 £or

different accelerating voltages,

The X-ray beam was sent through chs b.war onto the sample. To minimize

_ absorption by the apparatus the lead shield around the _amplc was only 0,00l"

thick, and most of the Dewar was fabricat0d out of aluminum. After cooling the

--- s_ple through Tc iu a magnetic field, a m_teLZo £Luld esa trapped in the lead

shield £or establishing the sampl_ m_n_ttzation.

Three main features were observed. First, the X-ray radiation produced

sharp m_netization pulses. Tl,e z,u_b_t 0£ puZses varied with tha dosage. Tht_

t_ shown in Ft&. 3 for accelerating voltages of 70 kvolt_, _O kvolts, and 90

kvolts; thc_¢ chan_s_ vera observed Ln a magnetizing field of 12 tlau_ £_

BiSrCaCuO sample in th_ superconducting state at 4.2 K, The chart speed for

Fig. _ ras _ cs/minute and the SQUID m_gnetometer was operated with • low pass

--" flleer whose cut-oil £r_quency was 100 Hz. Agter irradiation, a few pulses

: wo_Id appear but st a greatly reduced rate and th_.y umtld |'_.&'¥_St [Or IOrt_

times. An YBa2Cu307 sample showed similar effects but o_ smaller magnitude. A
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magnetic field of 72 gauss had to be usad to produce the same magr, t_ude effects

as in the bismuth compound in 12 gauss. This could be due to the large

.--- diffe_'ence _[_ _|IS X'&'Sy UL'Ubb=bWU(._UI! DI_LW_I_I| blumuL|l _ltd yttrium.

The second effect produced by the X-rays was a chenge in the dc

magnetization of the sample which depended on the radiation dose. This is shown

in F£g. 4 for an YBa2Cu30 ? sample cooled in 48 gauss and whose magnetization was

"-- measured in 72 gauss _. The figure also shows the third ef£ect, which is a h_gh

--- frequency not0c mtxcd with thr _pulses during radiation, Such noise has a la r&e

--- broad spectrum in _he range of .d4_ to 100 Hz, which fs the cut-off frequency of

chs magnetometer.

IV. DISCUSSION

__ Polycrystalltne s_les of hi_ Tc superconduotoro havc non.unlfot_

structures which consist of grains attached together by weak links which £or_

Z Jossphson Junctions, ' In a magnetic field, tha as=pie is in a mixed stars as i_

-- is psrmaacad by Abrikosov fl._o_, t_appsd flux,, and Josephson /:lu.xons. Such a

state of the sample fs re£1sctsd in tca magnetization. ;Then high energy photons

interact with the sample, Cooper pairs are destroyed creating quasiparticles;

._ ghe excited quasiparttcle_ recombine vcry quickly on • time scale much £aste_

__ th_n th_ r_sponse of o_tc magnetometer. The X-ray photons also produce heat _'

locally and this destroys the superconducting currents associated with Abrikosov

_. fluxons, Josephson fluxons, and r.rapp_a fl,':,R. E,_ch type of currant loopviii

have different spatial extent, ranging grom the London penetration depth AL to

-- the Jossp}lwo, peltotratlon depth Aj and CO that of the CYApped £1ux. The latter,

bein 8 associated with the longest cise constant, £$ expected co be a dominant

source of the pulses observed in our experiments; the Josephson Junctions being

--- _loo cxn Important concrlbt_clon since.' T_ f_eld of chs CL'appmd £1u_ 1_ Irl Cite

same direction as the external _gnecic field, it has a paramagnetic type o£

contribution; when it is destroyed the _ampla subsequently cools to the

superconducting state expeIltng the flux and thus showing d_amagnecic behavior.

Such a _chanism can possibly explain the observed sharp pulsaa in the

magnetization, The ocher current loops are also a££scted by the X-rays but

because of their much faster decays, the ma_etomeCer cannot _'espond S_nce the

I_ smaplc in e,magnetic field la in a glassy state, it la noC _urprlsl.g t}_t the
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_._ pulsos continue to occur at a reduced rate a£ter the X-rays_perturbation has
+

--- boon owitohcd o££. Tho inducod ohnn_co in motor/eor/on can bc ottributcd to

local heatLn t _d _ap£d random flux motion and trreversibllities. This le

-- wuppo_Le_ by u.aly_L_ 0£ Lhc .ot_u .pecLral Oenst_y in obe lagneclzat_on aurlng

X- ray radiation,

_-_ Our results shov tha_ X-rays can be uned to probe the £1_ otato o£ bulk

high Tc superconductors. Also, for a very limited bandwidth, we have aho_ that:

__ 5An_'a_d m_P._,_P, I nn p_l._: d.m _.n fli,x mwp.lmfnn f_'nm _ 5r.n, ll._- hf6h YC

-- superconductor are _roportional to the X-ray dosage. With a much widar

bandwidth and better time resolution, the various types of £1uxorm stored £n a

h£a;h Tc aupcrconduc_or, can be' uasd aa aSn_iC£v_ d_actor_ of X-ray rsdisSton.
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