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Los Alamos Neutron Science Center (LANSCE)
800-MeV (~1 MW) LANSCE (formerly LAMPF) linac is the heart of
the facility -first beam in 1972.

Future Materials

: Manuel Lujan Jr.
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1. Accelerator Production of Tritium (APT) Project

— Measurements of 3=0.64, 5-cell 700 MHz elliptical
cavities

2. Advanced Accelerator Applications (AAA)
Project (Transmutation of Nuclear Waste)

— Measurements of 3=0.29 (ANL) and 0.175 (LANL)
spoke cavities

3. High-T, materials study for RF cavities

— Measurements of MgB,, RF surface resistance and
its dependence on higher gradients
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* Purpose: Replenish Tritium Inventory for
Nuclear Weapons (3 kg/year)

 Method: Using spallation neutrons made
by proton accelerator, split Lithium into
Tritium and Helium.

Normal-Conducting Copper Linac

700 MHz Superconducting Linac
350 MHz 700 MHz

| HRFG (EEBTL [ CElI pmosa K p0sz  —
o |

Injector 6.7 MeV 96.6 MeV 211 MeV 471 MeV 1030 MeV
100 mA
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B 0.64 0.82
E... (MV/m) 5.5 4.1 (6.4)
Real estate E__. 1.54 1.26 (1.89)
Epeak 19.1 12.7 (19.1)
No. Cavities 90 312
Aperture (cm) 13 16
Aperture/(rms- 35 45
beam size)

Thermal load @ 2.0 6.1 (9.2)
1.9 K (kW)

Numbers in parentheses are for 1.7 GeV case
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APT B = 0.64, 700 MHz, 5-Cell CaV|ty

‘d — {
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Cavity length : 116 cm
Cell diameter : 40 cm

Beam aperture : 13 cm
E/Eacc= 3.38
H/E, = 69.6 Oe/(MV/m)
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Facilities for SRF Activities at LANSCE

2600 ft2 Class-100 Clean 2 Inserts for 38-

Ultra-pure water system with ~ inch, 10 feet deep

1500 gallon storage tank ‘ih cryostat

Cryostat with movable
radiation shield
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This 2,600 ft? clean room is divided into class-1,000 and
class-100 clean rooms for assembling SC cavities.

Behind the curtain is
al3mx7mclass
100 area with ceiling
height of 10 feet.

The other areas are
class 1000 and ceiling
height of 8 feet.
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High-pressure rinsing
system. While the
cavity Is rotating on
the turn table at ~ 30
rom, water jets at
1,000-1500 psi move
up and down
automatically and rinse
off the particles and
chemical residues
from the inner surface
of the cavity.
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Ultrasonic cleaning system to degrease, clean, and rinse the
components for SC cavities and power couplers in the clean
room. (three 90-gallon baths with 40-kHz oscillators)

4/8/05 LA-UR-05-2593 ANL Beam & Application Seminar 10
"o Los Alamos



Ultra-pure water system
that can produce 2,000
gallons per day of de-
lonized water with a
resistivity (purity) of ~18
Mg2-cm.

Shown in the center is a
1,500-gallon storage tank.
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38-inch diameter, 10-ft deep cryostat with
radiation shield

=
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Two 38-Inch | ‘%‘ = TS
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diameter cryostat
Inserts
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e Q, (Cavity unloaded Q) versus E__.
(accelerating gradient, MV/m)

° BaSIC paramEterS G: Geometrical Factor, constant
QO = G / Rs dependent on the cavity shape

Rs = RBCS + Rres R.: RF Surface Resistance

’ T
Recs :A-f—-exp(— = Cj

T kT, T
Rres = Rres (H rf )+ Rfl (H rf Hext ’T)
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B:O.64 Best results of all the APT 5-cell cavities (up to 1/29/01)

1.E+11
O % e?f@oﬁﬂo%ébﬁ?o R x o, 008 O s Quench
RTTRNRX KRN A ':'Ellaq- ! *&,\“ 0 AES (12/21/00) @ILAB
1.E+10 ﬂﬂ‘—‘ e A Ayako (9/27/00)
‘ Hl:l ar A X Eleanore (12/6/00)
@D "éA XX X Germaine (4/12/00) @JLAB
QO APT Goal x| P EWLY 3<>< X @ Sylvia(8/3/00) @ILAB
G /- + Sylvia (11/1/00)
1.E+09 O LANL (/18/01)
& APTSpec.
Defect at the middle cell equator
Calculated MP band
1.E+08 | | | |
0 2 4 6 8 10 12 14
Eacc (MV/m)
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Fs = a*1/ T %exp(-b*1/ T - Fres
“Fahie Frror

a | 39804005 | 44326606

b 15 734 035956
Fres | 6445209 | 19664e-10
Chisq | 1.5188e-17 H4
F 099257 M4

]_|:|'l;||||| 1111

0% 035 0

4

LT (1/ED)

ANL Beam & Application Seminar

045 0.5 0455



« Difference of E /E,.. and H /E...

(E)/Euce ), 338, o
(E [E ) 20 ' APT cavity shape is
P* —acC /TESLA

not well optimized!
(H,/Eue),,  69.6

(H,/E )TESLA 426

=1.63

 Difference of 3. APT(0.64) vs. TESLA (1).

— It might be more susceptible to multipacting
due to the squeezed shape

4/8/05 LA-UR-05-2593 ANL Beam & Application Seminar 17
)
» Los Alamos



APT results were converted to TESLA equivalent numbers for comparison.

1.E+11 ‘ .
Best TESLA 9-Cell Cavity
1.E+10 A %g:j & &
® [ T, "a x| TESLAS00 |  TESLA 800
Qo  APT "V
& ‘a
1.E+09 -
1.E+08
0 10 20 30 40

E.c.c.* (MV/m)

Eaoc™ Hy/Eqc=42.6 was used.
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e The APT Goal was achieved, but we need to

achieve higher gradients for future machines to
further reduce costs.

* Q, drops at medium and high gradient due to
Multipacting and Field emission.

e Measures to take

— MP free design of the cavity with MP codes.

— Thermometry and other diagnostics for detecting
heating spots to localize and identify the problem.

— Improve contamination control during assembly to
reduce field emission due to migrated particles.
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* Purpose: Transmutation of Nuclear Waste,
l.e., reduce life of nuclear waste by about
2 orders of magnitude to <500 years.

 Method: Accelerator-Driven System.

350 MHz
Injector&  2-gap 3-gap 5-cell, 700-MHz elliptical or 350-MHz spoke
350 MHz spoke spoke
LEDARFQ p=0.175 B=0.34

Target

] X Beam Transport
6.7 MeV 43 MeV 112 MeV 235 MeV 600 MeV Line [HEET]

13.3 mA
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Studies have been
carried out at ANL since
late '80s (Jean Delayen,
Ken Shepard)

e Advantages over elliptical

4/8/05 LA-UR-05-2593

cavities

— Compact (~1/2 of elliptical)
— Can be operated at 4 K

— Mechanically stable

One spoke cavity loaned
from ANL was evaluated
at LANL and the result
was promising

ANL Beam & Application Seminar




Tests on ANL 3 =0.29, 340 MHz,
2-gap Spoke Cavity

Cell diameter : 44.2 cm
Cavity length : 30 cm
Beam aperture : 3.2 cm

E/E - 3.18
H/E; : 85 Oe/MV/m
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ANL b=0.29 spoke cavity Q vs. Eacc
m 4K Aft. Helium Process A 2K Aft. Helium Process @ ADTF Spec.

1.E+10
" 2 K
— A A A 4 a2 a a A A4,
Q A
0  m g A
Im g Em g . A
| 4K "
1.E+09 . A
(I
o =t
AAA Goal n_A
-
1.E+08 T \
0 2 4 6 8 10 12 14
Eacc (MV/m)
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AAA B=0.175, 350-MHz, 2-Gap,
Sp() ke CaV|ty Two cavities were fabricated at ZANON, Italy.

RI'- Coupler Port
.« Coupler port
% i
T

“h
-

High B-field

e ‘J

e &Y _: ,; Pick-llp pOI't

High E-field

. Cleaning Port
Beam-Pipe

Cell diameter : 39.2 cm

Cavity length : 20 cm |
Beam aperture : 5 cm Hy/Eqec - 69 Oe/MV/m

4/8/05 LA-UR-05-2593 ANL Beam & Application Seminar 24

E/Epce : 2.82

acc

» Los Alamos



Buffered Chemical Polishing (BCP) Improvement
HF:HNO;:H;PO,=1:1:2 by volume at < 15 °C

EZ02 EZOl
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High Pressure Rinsing (HPR) Procedure
':1___‘__ .'

o Ultra-pure water

* Pressure 1000-1200 psi
(69 — 83 bar)

e At 4 positions

— beam port 1 (10 min.)

— radial port 1 (10 min.)

— beam port 2 (10 min.)

— radial port 2 (20 min.)
e Sweep speed

— Up ~4 mm/s

— Down ~ 7.5 mm/s
 Table rotation ~ 23 rpm
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Nozzle made by SST

Outer diameter: 31.75 mm

Holes: 457 um-diam., 3.81 mm
long

No. of holes: 21

11 different angles to cover all the
surfaces
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Assembly in the Clean Room

* Clean room class 100

e For tapped holes, anti-seize
grease iIs used

e For through holes, SS bolts
and silicon-bronze nuts are
used.

« Nominally, all the flanges
are Conflat, but indium seals
were used to attach Nb blank
flanges on the large radial
ports for the vertical tests.
 Special polyethylene cover
was made to attach indium
on the flat surface inside of

5 Conflat knife edge.
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Set Up on the Insert and Baking

Baking at ~ 110 °C for ~ 2 days
Indium < 80 °C
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Indirect Pre-Cooling with Ligquid Nitrogen

e Fill the vacuum-
Insulated layer between
Inner and outer vessel
with LN

e This operation is carried
out one day before LHe

*‘I L:i.ui'd~nitroger1 dewar transfer

S  When LHe transfer
starts, the cavity

temperature is ~ 250 K
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Helium Transfer and Testlng
o ——
‘ 1 i‘ Transer =
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—e—FEZ01 10/21/02 —a— EZ02 8/8/02 With Nb blank

—m—E702 3/21/03 —e— AAA Goal flanges on large
radial ports

1.E+10

The second EZ02 test
g was done after
disassembly and high-

1 E+09 4 pressure rinse.
\ —
AAA Goal Eace. max = 13.5 MV/m
E = 38.0 MV/m
1.E+08 P, meax
H =994 Oe
0 5 10 15 . ma
Eacc (MV/m) Details in PAC03 Proceedings.
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« What is the experimentally achievable H, at 4 K?
It has been ~1800 Oe at 2 K with TESLA
cavities. (Due to the better thermal conductivity
of liquid He at T<2.17 K (Lamda point), It is
eX|c))ected that the achievable field is higher at 2
K.

* Are there any difference between elliptical and
spoke cavities in terms of the field limitations? It
has been shown for spoke cavities that the
maximum fields are almost the same at 4 K and
2 K, whereas some elliptical cavities have shown
difference as much as a factor of 2.
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Q, disease Is a degradation of Q, due to
niobium hydrides (T.~1.2 K?) caused by holding
the cavity at medium temperatures (~100 K). It
had been said before our tests that low
frequency cavities (<500 MHz) do not show It.

A systematic Q disease tests have been carried
out with our 350 MHz spoke cavities

Spoke cavities made of RRR~250 Nb.
No high temperature heat treatment. (<150 °C)

Standard BCP (HF:HNO;:H;PO,=1:1:2) ~150
um at <15°C
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Q disease tests with EZ01 at 4 K

Chronological order

1.E+10
Qo
s =..§‘
1.E+09 | ‘, \*'\">“xi':i-**
I~ e
[ X S o K gy
\ o % TR :“0
- @
1.E+08 ‘ ‘
0 2 4 6 8 10 12 14
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Eacc (MV/m)
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—=— After 160-195K for 120 h

12/2/02
After 100 K for 13 h 12/3/02

—e— After 100 K for 11 h (total 24 h)

12/4/02
After 100 K for 12 h (total 36 h)

12/5/02

—x— Kept at 4 K over the weekend
12/9/02

—e— After 100 K for 12 h (total 48 h)

12/10/02
—— After 100 K for 12 h (total 60 h)

12/11/02
—— After 100 K for 12 h (total 72 h)

12/12/02
After 100 K for 12 h (total 84 h)

12/13/02
Kept 100 K over the weekend

12/16/02
After 100 K for 12 h (total 96 h)

12/17/02
After 100 K for 12 h (total 108 h)

12/18/02
After 100 K for 12 h (total 120 h)

12/19/02

35
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Q, vs holding time at 100 K

1.4E+09
1.2E+09 t—k0u,—

1.0E+09 - \\
8.0E+08 \\
6.0E+08 ~

4.0E+08 M\

Qo

2.0E+08
0.0E+00 ‘ ‘
0 20 40 60 80 100 120 140
Total holding time (h)
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Increase of surface resistance (Rs)
due to Q disease vs holding time at

100 K
100
90 |
/
80
70 | -/

60
50 - /’//
40 /
30

20 | /
10

Additional Rs
(nohms)

O _/ T T T
0 20 40 60 80 100 120 140
Total holding time (h)
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« With our 350-MHz spoke cavities, little Q
disease occurs after 150-um BCP, up to ~24
hours of holding time at ~100 K.

 Holding the cavity for longer time causes Q
disease.

« The additional surface resistance due to the Q
disease increases linearly after the increase
starts.

o Q disease disappears if the cavity is warmed up
to 180 K. From what temperature this effect
occurs needs to be determined.
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 Motivation

— Reduction of construction and operation cost
of particle accelerators is unavoidable for
future projects !

— Although Nb cavities have reduced costs
significantly, present accelerator costs are still
too high to be easily funded.

— High-T, materials could further reduce the
COsSts.
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Problems with Bulk-Nb cavities

« Expensive material (price similar to Silver).
 Fabrication cost is much higher than copper cavities.

« Predicted theoretical limit of accelerating gradient (E,..) is ~50 MV/m based on
the theoretical critical magnetic field (H.) of ~2000 Oe and the ratio of
H./E,..~40 Oe/(MV/m).

« Experimentally, ~1750+£100 Oe has been shown to limit the performance.

o State-of-the-art cavities have already shown the performance close to the limit,
i.e., no further improvement of E_... (Lowering the H_/E,.. can improve the Eacc,
but ~35 Oe/MV/m seems to be the fimit. )

* Need to use expensive liquid helium (4K at atmospheric pressure) to cool the
cavities since the Nb transition temperature (T,) is 9.2 K.

 Need to even lower the liquid helium temperature from 4K to ~2K for cavities at
frequencies of >500 MHz to reduce the BCS surface loss to be within the
refrigerator’s manageable level. This leads to a much more complicated and
expensive refrigeration system.

 Need to shield ambient magnetic field to <10 mG (<2 mG for ILC) level to keep
the RF surface loss sufficiently low.

It is a breakthrough if one can find a solution to these problems !!
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* Most of the problems can be solved by coating a
high-T. material on a cheap metal such as
copper. (Achievable E_.. Is unknown.)

e But, unfortunately, it has been shown that the
so-called high-T. materials that has T.> 77K
(liquid nitrogen) such as YBCO cannot be used
since the RF surface resistance increases
rapidly with higher magnetic field or E_...
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*Nb,Sn (T,=18K)

This has been studied until ~1996 for many years and has
demonstrated some success with a few single-cell cavities,
but experimental studies have shown lower critical
magnetic field compared to Nb and difficulty in making
uniform high-quality film. We have not studied this material
yet. It might be just engineering of how to coat the cavity.

-MgB, (T.=39K)

We started evaluating this material in 2003. See below.
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Material

4/8/05 LA-UR-05-2593

H/E =40 (Oe/MV/m)

Operation Theoretical Limit
Temp. [K] E...[MV/m]
4 49
4 95
4 80
20 52
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This material is readily available, but its
superconductivity at 39K was found relatively recently
(2001).

A number of studies on this material has been done
since then and it was found that the loss at higher
magnetic field is much less than other high-T_. materials.

Measurements at LANL have shown that the BCS
resistance at 4 K is about one order of magnitude lower
than Nb.

It has also been shown that this can be coated in much
simpler fashion compared to other high-T, materials
such as YBCO, which would lead to less cost.

Coating on various substrates seems possible without
degrading the quality.
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Bulk and Film Samples We Tested

Bulk sample made by HIP at UCSD 400 nm film on Nb coated at STI

o _ Diameter: 14.6 mm
25.0 mm in diameter and 4.60 mm in Substrate: 1 mm Nb

thickness after polishing the surface with a
0.1-um diamond lapping film. A reflection _ _
of 3 fluorescent lights is seen on the Films coated on 1 cm? sapphire

surface. are not shown here.
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10 [ ] | I 1 I | o
- Cu e —— T - -

S Fpoyersomtine v
= i polycrystalllne-YBaZCu307_ 5 ‘
E coarse-polished
O ~600 MQ fine-polished
= - 1
= “&® ion-milled
[P
e 1 Mg, /| H ~4 Oe
§ p 2 e
W
-4 |
&) H d den T —

no ependence 1
3] " 0-20¢ H_~0.2 Oe
<
k= - H _~4Oe
= rf
w2

q—\ textured-YBa_Cu,O
273778
H_ ~020e ¥
0.1 | | | | | 1 — 1
0 5 10 15 20 25 30 75 80

Temperature [K]

 No increase of R,
from 0.2 to 4 Oe as
compared to
significant increase
with YBCO.

*This material is not
optimized for low R,
l.e., there is room for
Improvement

« R, (BCS) of Nb (4K,
10 GHz) ~ 40 pQ

Alp Findikoglu et al. (Superconductivity Technology Center
at LANL), Applied Physics Letters 83 108 (2003).
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* No degradation with high-
pressure water rinse

-1
10 - 1 1 1 eSurface polishing with
E ! ’ ' ] ] 0.1um diamond lapping
| 5 3 i i paper reduced R,
L A . ; { significantly
C » : y -'- ------- H
a g™ | e MOB_ Grit 120 SIC grind
“‘-"mlﬂ'E - 41 ---------- we== P0lish+1500psi HP rinse in clean room
e - ﬁ,-; et ---e---- POlish again+Duster in clean room
3 ® NB(BCS, at 10 GHz)
I § &0 STC@LAMLcoarse-polished
[0 P SO X STC@LANLfine-polished
- : O STC@LANLIon-milled
® Nb + P-1Hakim et al. Appl. Phys. Lett. 78, 4160 (2001).
. : A W-1Hamkim et al. Appl. Phys. Lett. 78, 4160 (2001).
10
0 20 40 60 &0 100
T(K)
T. Tajima, J. Liu et al., 61" European Conference of Applied Superconductivity, Sorrento, September 14-18
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RsCompositeAllSuperc 3

—— 1 « Datataken by Alp

| Findikoglu of STC at
| LANL, unpublished
]« Film prepared by
polished bulk-mge, Brian Moeckly of

% l Superconductor

[

bulk-MgB,
¥

film-Nb (N
e ™

Effective Surface Resistance R at 10 GHz
o
A

3.3 Technologies, Inc.
(BM7)
* Polycrystal, non-
rapge of coupling and radiation losses - ep|taX|a| f||m
10 51 in the parallel-plate measurement system _
1 | 410 l ‘IOO
Temperature [K]

4/8/05 LA-UR-05-2593 ANL Beam & Application Seminar 48 [\_7

» Los Alamos



See the dotted lines.

= 107 £
N MgB, (BM7 ]
5 oL Necen MR BN 0 Findikodlu of
8 F range of coupling A p Fln I Og uo

L and radiation | o
5 %ﬂ&ﬁéﬁ&ﬁ&?}s 1 STC at LANL,
o’ 107 | measurement sys T .
o ; ¢ i unpublished
§ : :
® 107k E
o :
4 ]
§ 10°L Nb_Sn (Amnolds, 1977)4
= N intrinsic-MgB,, (from BM7)
@ 407l Nintrinsic-Nb (from NB1) ]
= :
B Nb (Philipp, 1981)
T 10° e e

1 A 10 100

Temperature [K]
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* This measurement is critical to determine the
feasibility of materials for accelerator

app
e We

ications.
placed a MgB, coated Nb disk ina TE,;

MOG

e cavity and measured cavity Q, which Is

iInversely proportional to R..
 We increased the magnetic field up to available

limit

and measured the change of Q,.

 Measured at 4K so that Nb Is superconducting,
which makes the measurement more sensitive
to the R, change of MgB, than using Cu cavity.
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Measurements in collaboration
with Cornell personnel
Alexander Romanenko, Hasan
Padamsee

R Sample Z“\\“i
L : N
N AR
3’\\ o
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Rs VS Hpear at 10 GHz Heating due to bad cooling?

1.E-03 ‘ /
] As you can

4 see, the film
guality is not
good.

Rs (€2)

1.E-04 It may be due
to the surface
I roughness.

BCS substrate Nb

LEOs polished.
0 20 40 60 80 100 120 140 P '

Hpeak (Oe)

Applied Superconductivity Conf., Oct., 2004
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Continue power dependence tests with better
films and coating on copper at higher magnetic
fields.

Develop methods for coating on inner surfaces
of elliptical cavities and other shapes.

Evaluate the quality of the films and try to coat
existing small (~3 GHz) elliptical single-cell
cavities and take Q, - E__. curves.

In parallel, test the critical magnetic field with
short pulses (< 1 us) at SLAC to avoid heating
effect at high magnetic fields.
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