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Possible Fundamental Limits

Nb SRF cavity will be limited by a theoretical limit but it isstill open about by what.
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Vortex State
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Overview of the maximum RF field of Nb Cavity
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1) Rather high field had been reached already in the early stage by EP.

2) EP producesthe high field morereiably than BCP.
3) Thehigh field seemsto be saturated to 17501 100 Oe.
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A0MV/minaTTF 9-cdl cavity
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Thefield limitation of Hp ~1750 Oe with Nb cavity isno related to
1) cavity shape : beta=1 or beta =0.45,

2) fabrication methods : Nb seamless cavity, Nb/Cu clad cavity,

3) multi-cell structures : single cell or 9-cell.



Theories about the RF critical Field

Model Hmax [ Oe] Availability
DC AC
J.P.Burger and D.Saint-James (BSM) Hc Hc Kk >>1
J.Maticon and D.Saint-James (MSM-1) 1.29 H 1.29 H > 1
016 ¢ 016 ¢ J2
J.Maticon and D.Saint-James (MSM-11) 0.89 0.89 Kk <<1
——-H c ——-H c
x x
Orsay Group (OGM) H. H. Kk <<1
V2K V2K
Vortex line nucleation (VLNM) H. J2 al
. e
Vortex plan nucleation (VPNM) ﬁ Q.H K < 1
Jie Je e V2
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Vortex line nucleation model (VLNM)
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Superconductor Effectivefield strength in AC application
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Comparison between Theories and Experiment Results
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VLNM isthe most promising model for Nb cavity.
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Comparisonsof VLNM with other materials
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Normalized Parameters
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L ess hope for
thefurther material improvement

RRR

Only 5% improving is expected in

the ultra-pure niobium material (RRR=2000).
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Curefor the high gradient : Eacc~50M V/m

Hp/Eacc depends on cavity shape !

For higher gradient,

smaller Hp/Eacc Is essential.

H p/EaCC ~35 Od(M V/m) for Eacc=50MV/m Figure 1: Geometry of three inner cells.
Table 1. Parameters of inner cells
LSO =35 Parameter ocC HG LL
50 O [mm] 187.0 1805 174.0
. . : o [mm] 700 614 530
e.g Pill box cavity without beam tube ) 0] 3290 172 149
Hp/Eacc = 30.5 Oe/(MV/m) , Eacc=57.4 MV/m E_J/E,_ ] 256 18 217
Hp/Eacc [Oe/(MV/m)] 45.6 426 374
B |82 965 IT1.5 126.M
G [£2] 2738 2655 2803
R/QG [fr8X] 26422 20700 36103

byJ.Sekutowiczet al.

JLAB LL shapeisexpected 4/MV/m as arealistic cavity shape.



Some problemswith LL shapefor 9-cell structure

The smaller bore diameter(53mm) makes several problems as follows:

1) small cell-to-cell coupling ——> larger field error in each cell
2

N
AEacc o« —& . Af
K¢

2) larger Ep/Eacc ratio(=2.17) related to the field emission problem
3) difficulty of inserting the cathode pipe in the cavity hole
at electropolishing.

2) Isno problem aslongasEP use. 3) isalso no problem ether.

== 1300M Hz low beta(=0.45) single cell cavity ] EP needsthelarger bore diameter
Q0 | Jewesoocs cneon . ooee o i than 60mm for 1300M Hz cavity.
10 | ®oemg, i
107 o When scaled 53mm(1500M Hz) to
[ Hp.max=1749 Gauss - 1300MHz, it is61lmm and no

ok problem.

Ep/Eacc=5.1

Hp/Eacc=133 Oe/MV/m

Hp/Ep:26l.1 c¢mMv/m
10° S0 1000 1500 2000
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8-cell structure and Superstructure

If keep the same field error asthe current TESLA 9-cell cavity,
the number of cellsis 8 as following:

92 N2 1.49
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187 149 % 7 e 187

However, the shorter structure losses the fill factor and resulted in
lower energy reach.

2 X 8-cell superstructure can solve this problem.

Example:
In a 18-cell structure, field error isserious by afactor 4 than a 9-cell. However, if one connectsthe

two 9-cell structure through one beam pipe of a A/2 wave length, the problem is reduced much.
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2x9-cell superstructure proposed for the TESLAS800




2 X 8-cell superstructure
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Total cavity length [mm] 15785.4 15638.7,
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Theproposed 1-TeV ILCs

Energy Reach Gradient Main LINAC Main LINAC Tunnd length
[GeV] [MV/m] effective length [km] total length [km] [km]
TESLA500 (510) 234 21.8 29.78 33
(1752 17m cryomodules)
TESL A800 (810) 35.0 25.45 28.09 33
(1596 17.6m cryomodules) 2 x 9-cell SST
us 28.0 18.22 24.85 46.8
SCL C 500 (510)
(1462 17m cryomodule)
us 35.0 28.590 39.78 46.8
SCL C1000(1020)
(2340 17m cryomodules)
SCL C500 (510) 35.0 14.58 19.89 33

(1170 17m cryomodules)

SCL C1000(1018) 45.0 22.64 29.53 33
(2752 17m cryomodules) 2 x 8-cell SST
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Why EP produces high gradient

e The SRF critical field is 1750+100 Oe on niobium.

« BCP etchesthe grain boundary steps especially on the EBW seam
and results in the field enhancements about a factor 2 due to the
steeper steps.

Q-slope starts from about 20MV/m and limits the high gradients.

e Onthe other hand, EP has less boundary etching and the surfaceis
smooth enough against the field enhancement. Thus, 40MV/m
high gradient is reached in the present cavity shape with Hp/Eacc
~ 43 Oe/(MV/m).
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SRF magnetic field enhancement on the
steeper grain boundary steps

Normal Conducting region

By J. Knobloch
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Experimental evidence -
CP after EP and EP after the CP By E.Kako
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EP upgraded high gradientsto 39MV/m,
then CP degraded 29MV/m by 60um and 24MV/m by following 70um,

the following EP upgraded to 40M V/m.
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Experimental evidence- ||

Seamless Nb bulk cavities (no EBW seam on equator) more likely have

less Q-slope.

By W.Singer, P.Kneisel
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Experimental evidence- |11
Nb/Cu clad seamless cavity

No EBW seam and better cooling

By P.Kneisel
e T=ZK —il— T=2K - Measured after quenches
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What roughness needsfor high gradient

Field enhancement

Surfaceroughness: Rz [um]

Surface roughness should be smaller than 2um
against the field enhancement effect.
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Unexplainable Results

* Above my theory dose not explain the two results:
P.Knelsel’s 43MV/m by BCP on Nb welded cavity ,
B.Vissentin’s 40MV/m by BCP on Nb welded cavity.

Thisis my headache for along time.

o Still something is missed.
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Summaries

 Thefield gradient of SRF cavities are more likely limited
by critical RF magnetic field due to vortex line nucleation.

e Niobium cavity islimited around Eacc=40MV/m with
present TESLA cavity shape by the theoretical l[imitation.
If one applies new shape like JLAB’s LL shape, nearly
50MV/m is expected.

« The high gradient performance on EP isrelated to the field
enhancement phenomena.
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