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Brief History & Motivation for using Multi-Strip Crystals

v Since 2005, FNAL (T-980) has only used 1 crystal.
(O-shape O-BNL-02) with large miscut 1.6mrad

v In 2005, Tevatron demonstrated channeling at 980Gev and _
demonstrated that proton halo loss at CDF IP could be =
reduced by factor of 2 as predicted. 2

v In 2009, Crystal collimation was used during Tevatron collider
stores "

A successful automatic insertion test of crystal has been achieved. = 10001
A reduction of ring losses was reproducibly observed along with

.
‘evatron, HEP store #4411
p-pbar collisions, 980 GeV/beam

; ; 9000 -1800 -1600 -1400 -1200 -1000 -800
local loss effects on the collimator due to crystal channeling. Grystal At ca]
No adverse effects were found. (Analysis by V. Shiltsev)

v In 2006, CERN RD22 demonstrated beautifully in H8 the 5
main effects in bent crystals which one is Volume Reflection

(VR).
. Angular beam profil
v Some differences between CH G hinchon
. ] e f th |
and VR is the angluar acceptance: . Hzﬂf wy;;v,ﬂ
. m long Si-crystal deflecting protons
Channeling (CH) <10 prad <" AR | 1o e
Vol-reflection (VR)  ~100 prad S. BETPWEE SN | kv ey
. .. s M The rotation angle is angle
VR has high efficiency. .0 e R
But VR the smaller angle 2 : 2 T s
o 1- “amorphous” orientation
2 - channeling (50 %)
i 3 - de-channeling (1 %)
200 4 - volume capture (2 %)
5 - volume reflection (98 %)

Rotation angle (prad)
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~ The concept of multiple VR

Repeated VRs in an array of parallel crystals
results in larger deflection, e.g. at E=1 TeV:

' BVR

One crystal 0, =8urad;0,, , =200urad

8 crystals 0, =8x8 =64urad

8 Crystal “Strips”
T-980. separated by “groves”
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The T980 Experiment Hardware:

-Since Tevatron is deeply committed to Collider run II,
it is difficult to access or changeT980 hardware.

‘Wanted more options to study more crystals and 2
plane crystal collimation.

-January 2009 IHEP built T-980 a vertical goniometer of
push-pull type that could house 2 crystals

- v‘- Y | W I, |
= Up and Downstream | LSS

: BRY Y. | rol and LVDT ||
-l' n i I 4 3 _ . b

A el - v
= ‘v
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‘Goniometer Installations over Summer 09
Shutdown

Name: 0-05-09 |
Bend: 360ur‘ad T L ,
Miscut: 120urad .A v, Hat

Newly built and installed (Summer

2009) Vertical gonhiometer at EO. Modified horizontal goniome‘rer.
It is ~ 4m upstream of the Hor. one. Replaced old large-miscut angle O-shaped

Ver. goniometer houses old O-shaped crystal with new small miscut O-shaped

crystal (reversed for negative miscut) during Summer 2009.
and multi-strip crystal.
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"T980 Setup in Tevatron EO for 2009-2010

F172V
Collimator

BO

protons

EO3V Collimator /

Volume Reflected

Beam (VR) Path
Bent Crystal
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Vertical Multi-Strip Orientation

volume refle
at one strip is

ction
+0.0068 mrad / /

channeling at one strip is -0.2 mrad

Tkm

M

r

—lp _—> Channeled

Y

5 sigma beam vertical envelope 0.2 mrad/!

accelerator system coordinate

~0.055 mrad

volume reflection
for 8-strip/crystal)

Volume Reflected Beam (CH)
Beam (MVR)

Channeled = Volume Reflected

s Protvino type crystal
Beam (CH) Beam (MVR)
“I— w3 SN Slgementig bomrads L
8 collimator E3, volume reflection _+Sirculating Bsigma™ = .
Y S ; Volume Reflected beam (MVR) at EO3 Collimator
2F L Core
o - %" Channeled Beam (CH) at F172 Collimator
—Z : collimator F172, channeling - Cor‘e
T e - 2 ° 2 ’hanneling 2010 —Tevatron T980 - Sitill 8

X, mm



*
Collimator Scans of Extracted Beams

Amorphous/VR (multi-turn) Beam Profile

T ——

Dechanneling Channeling

Amorph
Dechanneling /

“Zo

Loss
Movable )
. monitor
collimator

m Move collimator into
the beam halo

m Vary crystal angle to
observe CH/VR beam Integrated

m Observe the losses vs
collimator X position Beam Profile
(indicates intensity)

(c+0) i-c | -(c+0) 0

beam halo
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m Results
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Vertical Multi-strip Angular scan

2uard Angle Scan MS-08-09 crystal 3-17-2010

EO3V and F172V
Collimators In
at max catch

Normilized Loss

— -

o gy WA

¥ ST ST

650 700 750
Crystal Angle (urad)

800

850

900 950

—4—Loss @ crystal-(t:1eOpin)

—o—Loss @ F17 coll - CH-(t:f1lbncn) —m— Loss @ EO3 coll - VR-(t:1e033n)
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EO3V Collimator Scan with Crystal at VR angle

| . | ’ | . | y | |
o) = e [EO033 Mar 17 2010; Volume Reflection, F17 in . g
erf fit
20 - '::::t:on :Z(ﬂsf%.s-A-edc((xo«)/wn.414) a
Reduced Chi-Sqr 0.00255
Adj. R-Square 0.99382
Value Standard Error
s A 22 0 .
= Sl xt S| I 1.76mm displacement
. 1.12282 0.02257
2 Corresponds to VR
on
s angle:
R 10F BVR=1.76mm/28m
=63 urad
05 F
2 L % % '.‘ﬁo.o.g:
0gef, Song 990, ° LA )
OO | : | : | : | : | |
-12 -10 -8 -6 -4 -2 0
(Analysis by Vladimir Shiltsev) EO3VCP (mm)
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F172V Collimator Scan with Crystal at CH

angle

m T:F1LABT
600000 ErrorFunctionX2 (User) Fit of c8 scan T:F1LABT
Tevatron v
Loss spike —~—1m
Not related to channeling
400000 A u

A | B | c [ D
1 ErrorFunctionX
Model 2 (User)
2] y = y0 + A1/2* (erf((x-xc1)MA/sqrt(2)) + 1) + A2/2"]
(erf((x-xc2)/w2/sqrt(2)) + 1)
Equation
3] Reduced 360576E9
Chi-Sqgr
%] Adj. R-Square 082812
5 Value Standard Error
6| Al 276612,9424 1783762466
7] A2 80400,97533  29262,62564
8| y0 344540217 1413520006
" 9| TE1LABT xcl 221,94543 3,10533
10| xc2 402,677 8,94663
1 wi 10,84337 4,29996
12 w2 7.1561 12,59536

449-222mils/40mils/mm
= 5.7 mm displacement
from core for Channeled
beam.

©CH= 186 urad

- - Pl = L
<
= B
= 200000 - #J'
2 ' =
.
n
4 '
0 -
: , ]

0 200 400

(Analysis by A. Viasov) T:F12VCP inversed (Mils)

~N
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Angle Scan Depicting CH & MVR beam

on loss monitor downstream of EO3 collimator

= T:LEO33 normal scale
——— gaussiansx2 (User) Fit of T:LEO33 normal scale

A I ‘B I C I D
MVR beam bent up . - .
hitting EO3 { : A ety et
- Equation
» 1| collimator. \
| 3| Reduced 001735
Chi-Sqr
Z Adj. R-Square 088495
i Peak at 758.4 urad K . Ve [Sandard Emer
7 Width = 43.3 +/-2 - - rTTaE 2T
© z I;I}E\Oa?ficme xc1 647,23708 7.35453
E 10 A2 1.,05069 0,06805
- 1 w2 43,26949 1.85441
8 12 xc2 758,39693 2,78932
19
o
L CH beam bent down
= missing EO3 collimator.
» | Peak at 647 urad
: Width = 63 +/- 5
| L) 1 Y | y | 3
400 600 800 1000

T:CCVAD

T-980 14
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Simulations for 8 strip Multi-strip (MS-08-09)

Simulation 800 turns Normalized

CH MVR

Loss

-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
Crystal Angle (mrad)

=800 turn - No FO Lamb Apt -lost crystal e====800 turn- No FO Lamb Apt -lost colEQ3
=800 turn - No FO Lamb Apt -lost colF172

Simulations by:
S. Drozhdin with imbedded code from I. Yazynin
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Experimental and simulated losses at EO3
collimator for MS CH and VR beam

@

.g 150 = > | | ..Y‘..... T T -
5 ‘e

'C% — « — Experimentgl data .\ i
&0 125 _
2 ﬁﬁg@% '

— . $
St .'_J . iy
S 1.00 = sBa 32
= (v |
3 0.75 Q O » _
2 X @ _
a  —

= 050 © T -
) E o0

z S5 £ -
L 025 O 8 .
= = m

Q

S 0.00 : : - ' - - -
7200 -100 0 100 200 300
w2

5 Crysta] Angle (urad) Simulations by:

S. Drozhdin with imbedded code from I. Yazynin
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Experimental and simulated losses at F172
collimator for MS CH beam

Norilized Loss

09
08
0.7
06
05
04
03

0.2
0.1

0

Multi-strip MS-08-09 Data
Simulated Results for Loss at F172 collimator vs 3-17-2010 Experimental data

‘ ‘S
|
0 [
) ¢ * *
* T'JWE_H{’ \{ L l< L 3 N ﬁ
K3 b )
v \TRE
J / \ "
— - %
4%0 5(130 5l50 6C')O 6%0 7(l)O 7l50 8(I)O 8%0 9(l)0 950

Crystal angle (urad)

—o—T:F1LBNC e 5t AM multiturn No FO Lamb - lost colF172

Simulations by:
S. Drozhdin with imbedded code from I. Yazynin
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MS-08-09 Characterizations at Cern North Area RD22
H8, 400 GeV/C protons

deflection angle prad |

g

8

200

Name: MS-08-09
Bend: 63urad (VR)
Bend: 200urad (CH)
8 strips

.

ID

700001

Entries 19162
Mean -78.76
RMS 60.93
UDFLW 0.000
OVFLW 0.000
ALLCHAN 0.1916E+05
x?/ndf 1426 / 43
Constant 689.4
Mean -93.18
Sigma 18.25

) TR |

-32250 -32200 -32150 -32100 -32050 -32000 -31950 -31900 -31850 -200 -

Crystal angle
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Comparison crystal MVR parameters for
Multi-strip crystal MS-08-09

Specified VR angle = 64 urad (8 strips X 8urad/strip) Note: This is not a strictly defined angle

74.6 36 1.7 83.5% 255 767

Measured | (+/- 7.5 stat) (+/- 10 stat) (+/- .6 (stat)) (+/- 28.3 stat) | (+/- 12.72 stat)
(+/- 1.6 instr) | (+/-2.5instr) | (+/- 1.6 instr) | (+/- 4 instr) (+/- 6 inst) (+/- 3 inst)
64 43.3 1.61 758
Simulated (+/- 1.9) (+/- 2.9)
SPS H8 60* 28.6* 300
Run (+/- 50)
RGSUlt *scaled by 1/sqrt(E) *scaled by sqrt(E)
SPS 1.24 SPS 1.25 SPS 0.85
Measured
IExpected | simulated 1.17 | Simulated 0.83 | Simulated 1.05 Simulated 1.01
-*

Channeling 2010 —Tevatron T980 - Still
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Comparison crystal CH parameters for

Multi-strip crystal MS-08-09

Specified CH angle = 200 urad Note: This is not a strictly defined angle

186 59 5.6 87.5 255 655.7
Measured (+/- 12.2stat) (+/- 13.6) | (+/- 28.3 (stat) | (+/- 10.0 stat)
(+/- 3 instr) (+/- 3.2 instr) (+/- 3 instr) (+/- 6 inst) (+/- 3.3 inst)

200 26 6.1 192.8 658.5
Simulated (+/- 5.7 stat) - (+/- 20) (+/- 2.1 stat)
(+/- 1 inst) (+/- 1.25 inst)

Measured 0.93 2.26 0.92 - 1.32 0.99

/Expected
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Comparison crystal CH parameters for

O shaped crystal O-05-09
This crystal will be used in the horizontal plane for 2 plane
Crystal collimation.

CH angle CH width CH CH Bend angle CH peak
(by collimator scan ) (urad) displaced | Efficiency (by angle scan) (urad)
(urad) at EO3H (%) (urad)
(mm)
158.8 16.2 3.8 79.57 280.4 -960.8
Measured (+/- 22.8 stat) (+/- 5.3stat) (+/- 5stat) | (+/-9.38) | (+/- 53.5 (stat) (+/- 9.1 stat)
(+/- 1.2 instr) (+/- 1.5 instr) (+/- 3 (instr) (+/- 100 inst) (+/- 1.5 inst)
10.5 192.8 -962.8
Simulated 360 (+/- 1.1 stat) 8.5 (+/- 20) (+/- 1.6 stat)
(+/- 1.0 inst) (+/- 1.0 inst)
Measured
/Expected 44 1.5 45 1.45 .99

The CH angle being smaller is a consistent result with the other O-shaped crystal
O-BNL-02 (300urad/410urad = .72 Meas/Exp). Thought that this was micut

related but O-05-09 miscut = 120urad not 1600 urad like O-BNL-02.

Channeling 2010 —levatron 1980 - Still
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Comparison crystal VR parameters for

O shape crystal O-05-09

VR angle VR width VR peak VR length VR displaced | VR Efficiency
(by ‘;%'grzn)amf (urad) (urad) (urad) at F172 (%)
collimator
(brad)
(mm)
29.8 33.5 767 154.7 1.7 71
Measured | (+/- 3.3 stat) (+/- 10 stat) (+/-12.72 (+/- 32 stat) (+/- .2 stat) (+/- 7.0 stat)
(+/- 1.6 instr) | (+/- 2.5 instr) stat) (+/- 23instr) | (+/- 1.6 instr) (+/- 7.3 inst)
(+/- 3 inst)
100
Simulated 16 (+/- 4) 0.93
Measured
/Expected 1.86 1.8
ﬁ
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1St Attempt of 2 Plane Crystal Collimation
Hor Crystal in Channeling

8 Strip Vert Crystal in VR

A A ahl; _

NW' i (i e "‘u"mnuil "‘
ll.lnll.u.dldluln ||||| .lhmllmb uﬁnlm.lm 1, |

sovace Improvement seen due to
. Hor CC, but very little
L ‘ LIl due to Vert MS Volume

_ 28:50:00 21:12:38 21:35:00

TlESEEE Ly _ 1h Be-MAY-2018 20:50:00 T2 = Th 86 ReerCtlon
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New Ferrara Multi-Strip Crystal

o oA wN

(b)

Multi-strip silicon crystal (16 strips) (MS-16-10)

Anticlastic curvature radius = 4.2 m

Expected acceptance = 80 urad

Number of strips aligned/used = 13

Miscut angle was measured as 600 urad

Characterized ,tested and installed in vertical goniometer
Produced by INFN, Ferrara V. Guidi
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New PNPI| Quasi-Mosaic Crystal

Quasi Mosaic (QM-01-10)

2-mm thick, 120-urad bending,
miscut angle 50 urad
Opening in bending device 2x10 mm2

Characterized, tested and installed in the vertical goniometer.
Produced by PNPT Y. Ivanov

oA wn e
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Pixel Telescope Detector

Y §90 12X d

* Multi-chip modules are of CMS
forward pixel production.

e 1x2 cm? with a sensitive area
0.8x1.6 cm?.

e Pixel size 100x150 um?,
resolution 7-8 um

*Building 2 detectors

-1 installed in front of EO3collimator
-1 installed in front of F172
collimator

-Consists of 3 telescoping pixels per plane.

‘Problems vacuum certifying pixel boards
due to baking temperatures.

*Should install ~ December 2010

Channeling 2010 —Tevatron T980 - Still
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Near Future Plans:

Beam studies will begin Oct 2010:

1. Characterize both crystal parameters with beam.

2. Demonstrate 2 plane crystal collimation for both crystals
e« MS \Vertical VR & O shape Horizontal CH
e OM \Vertical CH & O shape Horizontal CH

3. Once the pixel is installed, gather data for the above
studies.
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Proposal for Post-Run |l Studies

1. Detailed investigation of the principal crystal collimation
Issues In dedicated collider stores in controllable conditions
with crystals and beam diagnostics tuned in 2010-2011.

2. 6-8 weeks interlaced with other accelerator studies,
focusing on LHC-related questions introduced earlier.

3. Re-arrangement of EO for pbar runs after the end of Run Il
( 1 week).

4. Antiproton beam studies in 2 or 3 pbar only stores.

Channeling 2010 —Tevatron T980 - Still
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m  T-980 incorporated new crystals, goniometers and instrumentation to conduct
beam studies for 2010 to provide options to study more crystals and also 2
plane crystal collimation.

m  First results obtained for vertical plane 8 strip multi-strip crystal are encouraging
with consistent values for MVR angle and width compared to SPS H8 run and

simulations.

m  Also results for new horizontal plane 360 urad bend O-05-09 crystal have been
obtained with CH angle less at .44 of expected. This result is more consistent
with previous O-shape O-BNL-02 and appears not to be related to miscut angle.
Collimator scans were also conducted with different impact parameters small
(nm) and large (10micron) with no difference in displacement.

m  First attempt at 2 plane crystal collimation had limited success. Main problems
stemmed from wrong initial angular set point for the horizontal crystal.

m 2 new crystals (Quasi-Mosaic & 16 strip Multistrip) are installed in the Tevatron
which beam studies will begin in Oct 2010 to study 2 plane crystal collimation.

m 2 new pixel telescoping detectors are being built with installation hopeful for Dec
2010.

m A post-Run Il period would provide a unique possibility for even deeper,
controllable, dedicated studies of several key issues of the program with
._a.d.d.n%of antiproton channeling. Time period for the post Run Il is still unclear.
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