Bunch Length Measurements using Coherent Radiation

Rasmus Ischebeck, Christopher Barnes, lan Blumenfeld, Franz-Josef Decker, Mark J. Hogan, Richard H. Iverson, Patrick Krejcik, Melissa Lincoln, Robert H. Siemann, Dieter Walz (Stanford Linear Accelerator Center),
Neil Kirby (Stanford University), Chris E. Clayton, Chengkun Huang, Devon K. Johnson, Wei Lu, Ken Marsh (University of California, Los Angeles), Suzhi Deng, Erdem Oz (University of Southern California)

Plasma Wakefield Acceleration References

Detectors

Bunch Compression Materials

In the plasma wakefield acceleration experiment Several methods are currently used to achieve this. _ _ . . : : 11 F.—1. Decker et al. Multi—-GeV plasma wakefield acceleration
E-167 [1], an ultra-relativistic electron beam with a A transversely deflecting cavity determines the bunch In the summer of 2002, SLAC installed a new The compression process proceeds as follows (see In tfhe fgr |_r|1.frarhed, tradltllo.nallo?]t_lcrzill rgaterla}ls SUChf parent for visible light, making the alignment of the au- Quantum detectors such as photodiodes or photomul- Pyroelectric Detectors HIFA.D 5005 E-167 Pp |
K bove 10kA and a particle enerav of _ bunch compressor chicane for the SLAC linac at Figure below). The initially 6 mm long 1.19 GeV as fused silica have a relatively high absorption coet- tocorrelator easier. ivliers d d to the | h ias of experiments, . E- roposal.
peak current above d P gy structure before the last compression step, at a bunch he 9 GeV b - 1/3 d h . : : . ficient tipliers do not respond to the low photon energies o
28GeV traverses a lithium vapor cell. The first part of length of 50um [2] the eV beam energy point (1/3 way down the bunch m_the North [_)gmplng Ring is corr_lpreS_5ed to " . . For silicon, an infrared laser has to be used. THz radiation. Therefore, a radiometric detector such [2] R. Akre, L. Bentson, and P. Emma. Bunch length mea-

: Linac). 1.3 mm in the transition from the damping ring to Inorganic crystals such as potassium bromide (KBr) or . - _ _ _
the electron bunch creates a plasma by £ th _ g ) ) _ _ thallium bromo-iodide (KRS5) can be used up to a as a pyroelectric crystal has to be used: it reacts to surements using a transverse RF deflecting structure in the
field-ionization and generates a plasma wake that A measurement of the energy spectrum is compare Prior to installation of the chicane, the electron the linac (RTL). Once in the linac the bunch is lenath of 25 and 33 Cvel P The figures on the left show the transmission through temperature changes and its response to incident radi- SLAC linac. In Proceedings of the EPAC2002 conference
accelerates the electrons in the back of the bunch. The !0 @ particle tracking simulation using thef_code_ bunches had a typical length of 650 um rms. given a correlated energy chirp as it is accelerated \I/Dv(.jalvemeer;g sugh 3 ag| ethuer:e’ Eglsiioecollvie»;.raﬂuoroeth— three materials suitable for vacuum windows, namely tion energy should in principle be independent from 2002 ' ’
orocess depends on the peak current and therefore on LiTrack [3], taking into account the wake fields in the With the chicane, the bunch is compressed in up to 9 _GeV _where it is compressed usmg_the y(PTFE) I P Zh one ,(_IF_JPX&)/ v fused silica, high-density polyethene and silicon. the wavelength. :
the bunch length. Furthermore, the charge accelerator [4]. stages to a predicted minimum of 12 pm. magnetic chicane to ~50 pm. In the remaining 2 ened di cl>r ICEO_ yrr::e y dp-er;-ene . tﬁre V\./;I.e yt The effect of these filters on a CTR pulse is shown in the In the present setup, Coherent P1-45CC detectors are P. Emma and K. Bane. LiTrack: A fast longitudinal phase
distribution in the beginning and end of the bunch A pyroelectric detector records the energy emitted by km 9f linac the bunch is further accelerated to 28.5 Eeseior?SHcI:/veef/errlcihgirr raabslgrlotri]o%pchc;n eesmsli |21ifei_er right column. used. These consist of LiTaOs crystals that are covered space tracking code with graphical user interface. In Pro-
have a strong influence on the observed acceleration. coherent transition radiation (CTR) on a titanium foil. GeV; here, wakefield effects introduce a further gtl ' the | thp . f.g . gt H The simulation includes the propagation of the electrons by a coating which appears black in the visible range ceedings of the 2005 Particle Accelerator Conference 2005.
It is therefore desirable to determine the longitudinal Finally, this CTR pulse is autocorrelated in a Michelson chirp which is used in a bend in the FFTB (called e e g e through the accelerator up to the CTR foil and the trans- (see photo).

IS thErerore desirable 1o determine the longitudina Y, pu u “dogleg”) to compress the bunches to a length as The present setup uses a beam splitter made from . " L . | Iti— . | _
bunch structure. interferometer. olyetheneterephthalate (PET) and a vacuum window mission of transition radiation through 1.5mm of the It has been observed that the interference between the Pyroelectric Detectors [4] M.J. Hogan et al.  Multi-GeV energy gain in a plasma
. short as 12 ym (30 fs) rms. POy P : window material. reflections on the surfaces of these pyroelectric crystal : : wakefield accelerator. To appear in Phys. Rev. Lett, 2005.
Measurements based on the electro-optic effect are of high-density polyethene (HDPE). HDPE is opaque T with a coating that appears black
tly being developed [6] for visible light, making alignment difficult cancels the electromagnetic field in the crystal for cer- [5] A.L. Cavalieri et al. Clocking femtosecond X rays. Phys
currently 9 P ' ’ ' tain wavelengths, which leads to a significant wave- T _ ' 9 ys. FAys.
energy phase temporal length dependency of the detector response [8]. Rev. Lett., 94:114801, 2005.

_ ) _ _ _ Semiconductors have a low absorption coefficient for It onable whether th ing th
pI’OfIlE@ space@ profile @ Particle tracking in 2D... photons with an energy below the band gap. For high Silicon beam splitter t is questionable whether the coating that appears

purity materials, the transmission can extend to black solves this problem. .
wavelengths of several hundred micrometers. However, the wavelength dependency could be im-

Apart from a narrow absorption band around 16um proved siginficantly by anti-reflective coatings on the

silicon shows low absorption in the FIR spectrum [7]. crystal [3].
However, no data is available between 30 and 60um.
Its refractive index is 3.42, leading to a reflection of

[6] P. Muggli et al. Measurement of the slac ultra-short bunch
length using coherent transition radiation (ctr) autocorrela-
tion. In Proceedings of the 2005 Particle Accelerator Con-
ference 2005.

E. Palik (ed.). Handbook of Optical Constants of Solids,
volume 1. Academic Press, San Diego, 1998.
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considered here, it has the advantage of being trans-
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[9] S. Bauer et al. Thin metal films as absorbers for infrared
sensors. Sensors and Acturators A, 37-38:497-501, 1993.
[10] D. Sitterlin et al. First results of a spatial auto-correlation
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] appear in: Proceedings of the DIPAC 2005 conference.
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In the present setup, transition radiation is emitted Autocorrelation of the radiation is a convenient way to 0.1y = « i i E E E E
When the electron bunCh passes a ]um thin titanlum measure Itsl duratlon. 0.0(5) I: o 04 ......... ........ ......... ......... ........ ......... ........ ]
foil, which spans an angle of 45° to the beam. A beam splitter separates the pulse and the two parts 1.19 GeV ' ' ' ' ' '
At wavelengths longer than the bunch length, the ra- ~ undergo a variable delay before they are overlaid again. 021 /N Modest timing variations in the accelerator have a consid- In a single-shot autocorrelator, transverse differences
diation is emitted coherently, and its power is in- In the present setup of intensity autocorrelation, there is s 50 125001 Gev Y =2 1336101 b L erable impact onto the bunch length. For example, a in the intensity are interpreted as interference effects. Detector
. : : . c =1. © =9. eV,N =2. X c =1. mm . . . . . . . . .
creased by a factor equal to the number of electrons in no nonlinear material or detector present; e — e e 0 . . ; . . bunch timing variation of 500fs in the first part of the It is therefore important to separate these from spatial
the bunch. the electric fields of the two partial beams add to pro- 4\0 | o 1.2 mm 1072 100 -50 0 50 100 150 200 250 linear accelerator gives rise to a bunch length change of patterns on the beams themselves.
Thus, an intense radiation pulse is emitted at wave- duce a pulse that has twice the intensity for zero path £ 21 6% | 025 | A’/ m z/um 15% at the experiment. Therefore, it is desirable to mea- Most notably, the near-field pattern of transition radia-
lengths that correspond to a frequency in the Tera- length difference, and the rms width of the autocorrela- g o V70 ‘g o v %5001? | sure the length and shape of every bunch. A scanning in- tion raises the problem of a vanishing intensity in the Beam
hertz region. tion is a factor +/2 larger than the rms pulse length. 3 2 3 ol \\ A s HDPE terferometer cannot achieve this, as different path length middle of the beam. The spatial distribution predicted Splitter
- ’ 0.05| 1 differences are measured with different bunches. by near-field diffraction theory has been confirmed by
_ . - ; e A N S A N | It O B T 111 L N I B S SRS SR measurements [11].
beam splitter reference detector paraboloid mirror o < /mm 2 /mm 0 GeV o In a Michelson interferometer, the two partial beams are This is particularly unfortunate since one expects con- —
- 0.8 S| B O Y s | Lt S 10| N S S always parallel when they overlap, independent of the structive interference at zero path length difference, > Delay Line
' o KEY=1.561 % (E=9.004 GeV, N =2.133x10'" ppb 6 =55.5 um c 0 alignment of the mirrors. i.e. in the middle of the beam.
10| 50 S 06l - = : : : : : : Possible configurations that overlay the beams at a small Therefore, spatial filtering of the radiation prior to the
4/ . 8 U £ - _z O ol I o B S I angle are shown below. autocorrelator seems appropriate.
= 2 s 2] z & - © ' j j j j j The path length difference depends on the transverse po- The effectiveness of such measures will be determined B
SN 1.6 % =T RS , \\ £ 04 N S RERTE TR L S ] sition, thus a segmented detector, e.g. the Spiricon Pyro- experimentally. eam
| ] e | /\ 7 1 1 1 1 1 cam can detect the complete interferogram in one shot. Splitter \
- - o2t MR e It has to be verified whether its sensitivity is sufficient to > AN
o 1 2 3 0 0.2 0.4 70 0.2 0.4 9 GGV detect the transition radiation, and whether it shows the
n/10 | R R , | , , , | same wavelength-dependent effects as the single pyro-
EY=1.515 % E)=28.487 G =2.133x10'° ppb =555 ‘(1)0_6 ® ‘IO_4 10_3 10_2 _(1)00 —50 0 50 100 150 200 250 electric detectors. i
L CHEELSIS% | (E)=28.487 GeV.N,=2.133x10 Cpp R v Z/um For alignment, it is important that it is possible to change Delay Line
) 50 Lum O the path length of one arm without changing the overlap
. 20 and pointing angle. :
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detector paraboloid mirror beam splitter ) ) = 2 sl | S R A ETY S S | | | | | |
= g ° * ol | \\ /\ s 0.2 o o2t [ ] o N T TR R - The accelerating field that can be obtained in a length, this transition radiation is emitted coherently.
A Michelson interferometer has been set up to perform the autocorrelation. The autocorrelation is mea- ~ > 28 GeV : E beam-driven plasma wakefield accelerator d_epends This amplifies the I.ong—\_/vaveleng.th part of the .
: . : ; ) : \ \ \ 0 \ B B Y R R R N R i i i — ; on the current of the electron beam that excites the spectrum. A scanning Michelson interferometer is used
sured by scanning one of the mirrors. An analysis of the trace is compatible with a bunch length of 18um 0 1 2 0.1 2 03 01 02 03 0— . » o Y . : STANFORD LINEAR ACCELERATOR CENTER
o n/10° z/mm z/mm 10 10 10 10 10 -100 -50 0 50 100 150 200 250 wake. In the E-167 experiment, a peak current above to autocorrelate the CTR. However, this method
rms. The setup and measurement results are detailed in Poster 2802 - RPAT082 [7]. ) . . ) L .
A/m z/pum 10kA will be delivered at a particle energy of 28GeV. requires the contribution of many bunches to build an
The bunch has a length of a few ten micrometers and autocorrelation trace. The measurement is influenced
several methods are used to measure its longitudinal by the transmission characteristics of the vacuum
L . : : The simulations take into account the absorption in the material, the reflection on the surfaces and the interference ' ' ' ' '
The plots show the development of the longitudinal phase space at different points in the accelerator, between these reflections. vielding Fabrv—P PHIo! : ’ profll_e_. Among t_hESE, autc_>corre|at|on of coherent window .?md beam splitter. We present here an_analy5|s
: : : , Y g rabry-rerot interrerences. transition radiation (CTR) is employed. The beam of materials, as well as possible layouts for a single
simulated by Paul Emma using the code LiTrack. M : ) . : : : .
aterial data from [7]. passes a thin metallic foil, where it emits transition shot CTR autocorrelator.

radiation. For wavelengths greater than the bunch U C L A




