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Status of the ALPS ExperimentKlaus Ehret1 for the ALPS Collaboration (http://alps.desy.de/)1DESY, Notketra�e 85, 22607 Hamburg, GermanyDOI: http://dx.doi.org/10.3204/DESY-PROC-2008-02/ehret klausThe ALPS experiment at DESY searhes for light partiles whih are oupling very weaklyto photons. Primary physis goal is the searh for axion like partiles in a photon regen-eration experiment. Central part of the experimental setup is a �ve Tesla strong super-onduting HERA dipole magnet. During two operation periods in the years 2007 and2008 we have olleted �rst data and explored the sensitivity of the setup. A Fabry Perotlaser avity is being set up in order to inrease the sensitivity by more than one order ofmagnitude.1 Physis Motivation and Goals of ALPSOne of the most exiting quest in partile physis is the searh for new partiles beyond thestandard model. Extensions of the standard model predit not only new partiles with massesabove the eletroweak sale (� 100 GeV) but also the so alled WISPs (Weakly InteratingSub-eV Partiles). Several possible andidates are axions [1℄ or axion like partiles (ALPs),light spin 1 partiles alled \hidden setor photons" [2℄ or light miniharged partiles [3℄. For asummary on their role in physis beyond the standard model see the ontributions of J. Jaekeland A. Ringwald to these proeedings [4℄. It is ertainly an important and fundamental questionwhether any of these light partiles exist. Unfortunately, the preditions for the masses andouplings of WISPs are typially not preise and extensive searhes in broad parameter spaeshave to be performed. Of ourse, any experimental measurement whih gives new indiations ornew limitations is highly welome. Nowadays, the strongest onstraints ome from astrophys-ial and osmologial arguments (see the ontribution of J. Redondo in these proeedings [5℄)and from dediated laboratory experiments [6℄. Very reently, the observations of PVLAS [7℄triggered the interest, exploration and setup of new low energy experiments using high photonuxes ombined with strong eletromagneti �elds.The ALPS experiment, loated at DESY in Hamburg, uses a spare superonduting HERAdipole magnet and a strong laser beam for \Axion Like Partile Searh". In fat, the exper-iment has also a large sensitivity for other WISPs so the aronym ALPS should stand morepreisely for \Any Light Partile Searh". The primary goal is the indiret detetion of alight ALP in a \light shining through a wall" (LSW) experiment [8℄. A small fration of theinident photons from our laser an onvert to ALPs � in the presene of the magneti �eld bythe so-alled Primako� e�et [9℄. Being �s very weakly interating with ordinary matter, theyross light-tight walls without signi�ant absorption. Behind the absorber, some of these ALPswill reonvert via the inverse-Primako� proess into photons with the initial properties.The probability of the Primako� transition P!� is the same than for the inverse-Primako�P�! in the ALPs symmetri setup. Therefore the LSW probability is just the square ofPatras 2008 1

http://arXiv.org/abs/0812.3495v2


Figure 1: Photo of the ALPS Experiment, showing the laser hut, the superonduting magnetand the abinet housing the detetor setup.P!� = g2B2E2=(4m4�) sin2m2�L=(4E) with B the magneti �eld strength, L the length of theonversion region and E the photon energy. The ALP parameters: mass (m�) and two photonoupling (g) are assumed to be unrelated (see [4℄ for the relevant de�nitions).The transition probability is maximal in the limit m2�=E ! 0 where it is oherent alongthe full length, reahing g2B2L2=4. The mass reah of the experiment is determined thereforeby E through the oherene ondition m2� < 2�E=L. The polarization of the beam allows todistinguish between salar and pseudo salar ALPs.After the submission of the Letter of Intent [10℄ the ALPS experiment was approved by theDESY diretorate in January 2007. The ALPS ollaboration omprises also the Laser ZentrumHannover (LZH), the Hamburg observatory (HO) and the Albert Einstein Institute(AEI).2 The Experimental SetupThe ALPS experiment is built up around the HERA dipole whih features a �eld B = 5:16 Tand a length of 8.42 m, f. Fig. 1. Its beam pipe is bent with a remaining lear aperture ofonly 18 mm, whih implies serious demands on the beam quality of the laser. The interioris insulated against the old part of the magnet, allowing to perform the experiment at roomtemperature. In order to keep the temperature stable the beam pipe is ushed with nitrogen.Inside the dipole beam pipe we plae two further tubes whih bound the  � � onversionand reonversion regions and are operated under vauum onditions. This is ruial sine anindex of refration n > 1 suppresses the onversion probabilities [11℄. Both tubes range fromeither side approximately to the middle of the magnet and an be easily removed. A removablelight-tight absorber wall is mounted on the inner end of the detetor tube while an adjustablemirror is attahed to the inner side of the laser tube, f. Fig. 2, beause dissipating the highlaser power inside the magnet ould produe dangerous quenhes of the magnet. On both sidesof the laser tube there are vauum sealed windows. Custom made pio-motors based on piezoatuators allow a very preise remote adjustment of the inner mirror within the strong magneti�eld. This was a very important preondition for the later setup of a laser avity inside thesuperonduting magnet.2 Patras 2008



Figure 2: Adjustable mirror with ustom made pio-motors attahed to the laser tube.2.1 The LaserThe laser setup, built on an solid optial table inside our laser hut, allows to adjust the intensityand the polarization of the beam. A low intensity referene beam is guided in a beam tubeoutside the magnet parallel to the main beam to the detetor setup. Due to the small apertureof the magnet and the requirement to fous the beam on a few pixels of the used amera asmall laser beam width with a very good beam quality fator M2 � 1 is required. Both, thebeam divergene � and the minimal spot size �min are proportional to M2.There exist high power infrared lasers but the demanding request on the beam qualityexludes many industry devies. Furthermore, it is a hallenging enterprise to get a�ordablehigh eÆient and low noise detetors for infrared photons. In summer 2007 we setup theexperiment with a 3.5 W Verdi-Coherent CW green laser with � = 532 nm and M2 < 1:1 anda ommerial amera with good eÆieny for green light. Based on the experiene of a test runin autumn 2007 we abandoned the initial plan to use an infrared laser.By the end of the year 2007 we setup and operated suessfully a LIGO type pulsed lasersystem [12℄ with a pulse-length of 15 nse and a repetition rate of 20 kHz. The system delivered14 W of green laser light, whih orresponds to a photon ux of 4 �1019s�1. During an extensiveommissioning phase in spring 2008 we operated the omplete setup and explored its sensitivity(details are disussed later on). Based on this experiene, it beame lear that we had to inreasethe photon ux by one order of magnitude to beome ompetitive with other experiments andto reah a sensitivity whih allows the exploration of yet untouhed areas in the parameterphase spae of ALPs (f. Fig. 3). Together with our new ollaborators from the AEI we setupa resonant optial avity in the �rst half of the HERA magnet. An enhaned LIGO (eLIGO)laser, developed at the LZH for gravitational experiments delivers 35 W 1064 nm laser lightwith exellent beam harateristis. This is onverted into 532 nm green laser light and fed intothe 8.62 m long avity, whih is bounded by the outer mirror, mounted on the optial tableinside the laser hut, and the mirror at the inner end of the laser beam tube f. Fig. 2.The resonant avity is loked by adopting the frequeny of the eLIGO laser to ompen-sate the length utuations of the setup. It was a major suess and very important proof ofpriniple, that the avity ould be loked over days and operates stable also when the magnetis powered. Reently we studied details of this ambitious setup in order to improve the per-formane and to exploit the full apability. Two major upgrade steps are under preparation:a seond resonant laser avity around the frequeny doubling rystal and the inlusion of theouter mirror into the avity vauum system. You may �nd several details onerning the lasersetup and avity in the ontributions of M. Hildebrand to these proeedings[13℄.Patras 2008 3



2.2 DetetorAs photon detetor we used so far the ommerial astronomy CCD amera SBIG ST-402MEwith 765 � 510 9 �m � 9 �m pixels and a quantum eÆieny of 60% for � = 532 nm. Weoperate the amera at �5 C. It has a low dark urrent and a small readout noise of 17 e�. Theamera allows sampling times between 0.04 s and 1 h. The beam is foused on a small area� 10 �m, i.e. a few pixels.In order to improve the sensitivity we ordered the amera PIXIS 1024-BL (Prineton In-struments) with a quantum eÆieny of 95 % for � = 532 m. This amera operates at �70 C,featuring a lower dark urrent of 0:001 e� pixel�1s�1 and a readout noise of less than 4 e�.The amera was delivered by the end of August and its performane is now under investigation.3 Commissioning Run 2008 & Exploration of SensitivityDuring the ommissioning run in spring 2008 we used the 14 W LIGO laser and the SBIGamera to ollet around 100 h of data with magnet and laser on. The magnet, the ameraand the laser worked very reliably. In order to minimize the impat of readout noise we useda sampling time of 20 min or one hour. The absorber was removed a few times in order totest the alignment. Unfortunately the front and bak surfaes of the mirror inside the magnetwere not suÆiently parallel, ausing a deetion of the light passing the mirror used for thealignment of the setup. This limits the knowledge of the beam spot, i.e. the position of potentialre-onverted photons on the CCD and prohibits to use the data for real physis. The troublingmirror was immediately replaed.The aquired data were nevertheless used to go through the omplete data analysis hain.Around 10 % of the frames are rejeted by visual inspetion beause they ontain intense traks(likely from ambient radioativity or osmis) lose to the signal region. As measurement we usethe sum of the pixel values in a 3�3 array around the beam spot region. After the orretion ofbaseline shifts, whih are presumably orrelated with varying temperatures of the surroundings,the remaining utuations orresponds to the expetations of unorrelated dark urrents andthe read-out noise of the individual pixels. The lassi�ation of data depends on the physis.Data with magnet on and vertial (horizontal) laser polarization are signals for pseudo-salar(salar) ALPs. All other data inluding dark frames are bakground. The �nal observable isthe di�erene in the mean of the distribution of many signal measurements to the mean of thedistribution of many bakground measurements. We see no signal, i.e. no signi�ant di�erenebetween signal and bakground distributions.Taking into aount the onversion fators and a onservative estimate for the eÆieniesthe sensitivity for the reonverted photon ux is around 40 mHz. This leads together with theinitial laser photon ux of 4 �1019=s to a detetion probability P!�! � 10�21. The deduedsensitivity in the ALP and in the \hidden setor photon" parameter spae is plotted in Fig. 3.4 OutlookExploiting the two major improvements of the setup whih are under preparation, the resonantavity and a high performane amera, inreases the sensitivity of the setup by nearly one orderof magnitude. The lower urves in Fig. 3 show the expeted ALPS sensitivity with 300 W ofgreen laser light and this together with the additional improved detetor. We expet to have4 Patras 2008



the improved setup by the end of the year in operation, allowing us to explore yet untouhedareas in the parameter spae of the low energy frontier.AknowledgmentsThe ALPS ollaboration gratefully aknowledges the large interest and great support of manyDESY groups for our ativities. We thank espeially the tehnial sta� of the MKS group forthe operation of the magnet and the Helmholtz Assoiation for their �nanial support.Referenes[1℄ S. Weinberg, Phys. Rev. Lett. 40 (1978) 223{226; F. Wilzek, Phys. Rev. Lett. 40 (1978) 279{282.[2℄ L. B. Okun, Sov. Phys. JETP 56 (1982) 502; M. Ahlers, H. Gies, J. Jaekel, J. Redondo andA. Ringwald, Phys. Rev. D 76 (2007) 115005 arXiv:0706.2836 [hep-ph℄.[3℄ B. Holdom, Phys. Lett. B166 (1986) 196; H. Gies, J. Jaekel and A. Ringwald, Phys. Rev. Lett. 97 (2006)140402, hep-ph/0607118; M. Ahlers, H. Gies, J. Jaekel, J. Redondo and A. Ringwald, Phys. Rev. D 77(2008) 095001, arXiv:0711.4991 [hep-ph℄.[4℄ A. Ringwald, arXiv:0810.3106 [hep-th℄; J. Jaekel, arXiv:0809.3112 [hep-ph℄.[5℄ J. Redondo, arXiv:0810.3200 [hep-ph℄.[6℄ PDG Col., C. Amsler et al., Phys. Lett. B667 (2008) 1;BRFT Coll., R. Cameron et al., Phys. Rev. D47 (1993) 3707;GammeV Coll., A. S. Chou et al., Phys. Rev. Lett. 100 (2008) 080402 arXiv:0710.3783 [hep-ex℄;BMV Coll., C. Robilliard et al., Phys. Rev. Lett. 99 (2007) 190403 arXiv:0707.1296 [hep-ex℄;LIPPS Coll., A. Afanasev et al., Phys. Rev. Lett. 101 (2008) 120401 arXiv:0806.2631 [hep-ex℄;M. Fouhe et al., Phys. Rev. D 78 (2008) 032013 arXiv:0808.2800 [hep-ex℄;[7℄ PVLAS Coll., E. Zavattini et al., Phys. Rev. Lett. 96 (2006) 110406 hep-ex/0507107 andPhys. Rev. D77 (2008) 032006 arXiv:0706.3419 [hep-ex℄.[8℄ P. Sikivie, Phys. Rev. Lett. 51 (1983) 1415; K. Van Bibber et al. Phys. Rev. Lett. 59 (1987) 759.[9℄ H. Primako�, Phys. Rev. 81 (1951) 899.[10℄ ALPS Collaboration, K. Ehret et al., hep-ex/0702023.[11℄ G. Ra�elt and L. Stodolsky, Phys. Rev. D37 (1988) 1237.[12℄ M. Frede et al. Optis Express Vol.15 Issue 2 (2007) 459.[13℄ 4th Patras Workshop on Axions, WIMPs and WISPs - DESY June 2008 (http://axion-wimp.desy.de/ -proeedings to be published).
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Figure 3: Comparison of sensitivities of ALPS and other axion-like-partile searhes for salarALPs, pseudo salar ALPs and \hidden setor photons" [6℄.
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