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Reasons the PNPI Quasi Mosaic Crystal (QM-01-10) Did Not Channel
History:

T980 has been using bent crystals for the application of crystal collimations since 2005.  A number of new crystal are manufactured and sent to Fermilab to be installed in a goniometer and inserted in the test region of the Tevatron at E0.  Since 2005, there have been 7 different crystals used for studies.  The crystals are unique in almost every manner.  Typically these crystals have to be vacuum certified to the Tevatron standards for high vacuum.  This requires that all crystal be baked to a temperature of 100C.  Little cleaning to no physical cleaning is done on the crystals.  The crystals since they are fragile are handled as little as possible.

The quasi mosaic crystal (QM-01-10) that was installed in the Tevatron in the Summer of 2010 was manufactured by PNPI by Yuri Ivanov.  It was used fro beam studies for 5 End of Store Study periods and saw about 10-12 hours of beam. The  following is a summary of the beam studies.

	Date
	Focus of Study

	July 2010
	Installed in Vertical Goniometer

	Oct 27, 2010
	First angle scan with beam-No CH found

	Nov 1, 2010
	Scanned crystal with beam , Angle scan – No CH

	Dec 9, 2010
	Increased direction for angle scan – No CH

	Feb 2, 2011
	Increased direction for angle scan – No CH

	Feb 10, 2011
	Believed to find CH at -1650urad. Coll scans 

Results are hard to determine.

	Feb 18, 2011
	Removed crystal from tunnel


 Channeling was never really demonstrated for QM-01-10.   On Feb 10, 2011 there was good evidence that a strong peak had been discovered at -1650urad (Fig. 1).  Collimator scan were completed with the crystal at what was believed to be the channeling angle but the results were not consistent with displaced beam for 120urad bend.
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Fig. 1  Angle scan of QM-01-10 for a good signature of channeling.
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Fig 2.  Collimator scan of QM-01-10 from  Feb 10, 2011 with crystal angle in what was believed to be CH. There is possible crystal channeling signature of low efficiency a) with a large amorphous scattering profile b).
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	Collimator Scan #
	QM crystal angle urad
	Fitted displacement from beam core
	Estimated Crystal position

	C1
	-1729
	NA
	Near or channel (CH)

	C2
	-1729
	NA
	Near or channel (CH)

	C3
	-1729
	-2.6
	Near or channel (CH)

	C4
	-1695
	-4.9
	Near or channel (CH)

	C5
	-1684
	-3
	Near or channel (CH)

	C11
	-1145
	NA
	Amorphous (AM)
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Alignment:
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The PNPI quasi mosaic crystal (QM-01-10) was first aligned in the vertical goniometer on 7-7-2010.  It was mounted in the upstream end of the vertical goniometer and will channel (CH) in the up direction.  Instructions from IHEP were provided for previously installed crystals such as the O-05-09 and MS-08-09 from Yuri Chesnokov of which we used similar alignment tolerances for aligning the QM-01-10.  There were not specific alignment criteria specified for QM-01-10 and general tolerances were assumed from previous alignment of crystals.  There is a copy of a letter from 2009 at the end of this document showing alignment tolerances.  

A table at the bottom of the page has information about the parameters of the crystals sent from IHEP.  Fig 3.is a picture as the QM crystal sits in the vertical goniometer.  The 2 crystals are separated by a bar that is .5m long.  The crystals are designed to have a ~ 19.4mm (776mils) vertical separation for one crystal to be parallel to the beam and the other crystal to be out of the beam.  This correlates to an angle of ~ 38.8 mrad.     Table 2 is historical survey data from installation of other crystals depicting yaw, roll and errors from centers measurements.
QM-01-10 Roll errors:

Aligned on 7/17/2010 
with a Roll error of ~ 2.31 mrad :  Tolerance 2-3mrad

[image: image5]
QM-0-10 Yaw errors:

Aligned on 7/17/2010   with
a yaw error of ~ - 6.9 mrad:    Tolerance uncertain  2-3mrad  or less than 10mrad.  It was not possible to get better than about 6.9mrad due to short crystal.
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Table 2:  Alignment values for Yaw and Roll for Crystals installed in Tevatron 
[image: image7.emf]crystal name Date goniometer Yaw 

error 

(mrad)

Roll 

error 

(mrad)

Error from center of 

crystal (inches)

O-BNL-02  April to July 2004 horizontal

ST-FNAL-07

around June 2008 to Jan 2009

horizontal

O-BNL-02

around April to Aug 2008

horizontal

O-05-09 June 8,9 2009 horizontal NA 9.99 delta x = .036  deltz z = .040

MS-08-09 July 17, 2009 vertical- downstream NA NA

O-BNL-02 July 17, 2009 vertical - upstream

NA 0

QM-01-10 June 17, 2010 vertical - upstream -6.91 2.31 delta x = .001

MS-16-10 June 17, 2010 vertical- downstream 8.9 1.8

MS-08-09 February 23, 2011 vertical - upstream 0.6 0.6 delta x = .022

MS-16-11 February 23, 2011 vertical- downstream 14.5 2.1 delta x = -.022


Document from Yuri Chesnokov stating error for alignment (June 2009) :

(email from Yuri C.  for tolerances for aligning multistrip crystal )

Dean, Rob,

See picture attached. As Dean said yesterday, the measured values of alpha_x and alpha_s

are 10 to 20 mrad. Comment from Yury Chesnokov:

1. It is OK for alpha_s

2. alpha_x MUST be reduced to 1 to 2 mrad. As shown in the picture,

    it can easily be done by unscrewing two screws, adjustment and

    screwing those again.

                                   Nikolai
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Parameters of crystals:

	Name
	Sub, orient
	s(mm)
	y(mm)
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	R(m)
	Miscut(
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m

)

	O-05-09
	Si(110) pl
	5
	5
	360
	13.889
	120(20

	QM-01-10
	Si(110) pl
	5
	5
	315
	16.129
	195(20

	MS-08-09
	Si(111?)ax
	2*8
	50
	200
	10.0
	


O-crystals fixed to 
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O-shaped 5o_h: in old horizontal goniometer

O-shaped 1o_v: in new vertical goniometer (first wrt p-beam)

Multi-strip 8ms_v: in new vertical goniometer (second wrt p-beam)

Results of Beam Scan of QM-01-10 on Nov 1, 2010:
On Nov 1, 2010 an EOS study was conducted to scan the profile of the QM-01-10 crystal with beam to verify that beam was hitting the center of the Si crystal.  On Oct 27, 2010 the first angle scan of the QM was completed but did not yield a clear channel point.  Therefore, it was decided that during the next study period it should be determined if beam was hitting the Si crystal or the metal holder. Following are 2 plots of the scan depicting loss monitors and beam position monitors used during the scan. The QM crystal was moved vertically into the beam and then a E0HPOS (E0 horizontal Position  bump) was made which moves beam horizontally across the crystal.  The bump is designed to be fairly centered at the crystal.   The crystal was only scanned in the ( + ) positive or radial outward direction from 0 m to 7.5mm. While conducting the horizontal scan, there was a loss detected when the beam position monitor at D49 (HPD49) = 4.45 mm and the beam position monitor at E11 (HPE11) = 3.28mm.  This corresponded to beam position bump at the crystal (E0 HPOS bump) of 4.32mm.  

 There is good evidence to make a case for the beam is hitting the Si crystal within .7 mm of the middle of the crystal.
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[image: image25.jpg]QM radiographic photo 50 hour expostre
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[image: image26.jpg]QM crystal Radiograph photograph
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March 14,2011
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Fig ??.   Picture of top of QM-01-10 with beam direction.
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.The following figures are plots of the beam loss monitor and beam position monitors during the horizontal scan across the crystal.
Fig ???   Plots a), b) and c) showing results of a  beam scan to determine if beam was hitting the Si crystal or the metal holder.  It was determined it was hitting the Si crystal 
Change in horizontal beam position across E0 straight section:

	Date of Beam Study
	T39 file number
	Comment

	Nov 1 , 2010
	13
	

	Feb 10 2011
	167
	

	Feb 2 , 2011
	163
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Results of Radiation Survey of QM-01-10:
After QM-01-10 was removed from the tunnel and inspected, a mandatory radiation survey was completed.  It was found that is was more radioactive than other crystals which were removed from the tunnel.   The feeling was this might be important information that could lead to reasons why channeling was not seen from the crystal.   The crystal underwent a radiation scan, long radiation survey to determine the decay rate and also a radiographic photograph was taken.

[image: image17.emf]Radiation Scan of QM-01-10
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Results of Radiographic Photograph of QM-01-10:
[image: image19.jpg]QM sitting on film for 1 week exposure to provide'airadiographie;photograp!
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Results of Counting rates for LE0PIN from QM-01-10:
Conclusions:
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 Find loss at 4.32 mm in  Horizontal  scan across crystal. Total scan 7.5mm.
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