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} Single-particle resonance

} Incoherent resonance

} Coherent resonance
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mν0 = n

m(ν0 − Δν ) = n

F. J. Sacherer, Ph.D thesis, Lawrence Radiation Laboratory, 1968;
Report No. UCRL-18454, 1968.

m(ν0 −CmhΔν ) = n
Cmh : �������!�����&(#�(m)� �

�����&(#�(h)����!$'%("
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} Single-particle resonance

} Incoherent resonance

} Coherent resonance
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mν0 = n

m(ν0 − Δν ) = n

Incoherent tune shift
ü ������
ü ��%���
ü ����#

F. J. Sacherer, Ph.D thesis, Lawrence Radiation Laboratory, 1968;
Report No. UCRL-18454, 1968.

m(ν0 −CmhΔν ) = n
Cmh : ���$)&'-�� ��24/�(m)&,+


���*24/�(h))��(-0314.



m ������	���

6

} Single-particle resonance

} Incoherent resonance

} Coherent resonance
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mν0 = n

m(ν0 − Δν ) = n

Incoherent tune shift
ü �����
ü �����
ü �����

m(ν0 −CmΔν ) =
′n
2

H. Okamoto and K. Yokoya, Nucl. Instrum. Meth. A 482, 51 (2002).
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} Single-particle resonance

} Incoherent resonance

} Coherent resonance

�16����������@��
�

99999

k(ν0x − Δν x )+ ℓ(ν0 y − Δν y ) = n

kν0x + ℓν0 y = n
��'"��*-&�,��

�����(.$+�#-*(	%�&
�358720/164�!� -&�,�

)��(k, ℓ, n)
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} Single-particle resonance

} Incoherent resonance

} Coherent resonance
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K. Kojima, H. Okamoto and Y. Tokashiki, Phys. Rev. AB 22, 074201 (2019).

Cm : �!2��(m)241�,8E57�+&��

k(ν0x −CmΔν x )+ ℓ(ν0 y −CmΔν y ) =
′n
2

k(ν0x − Δν x )+ ℓ(ν0 y − Δν y ) = n

kν0x + ℓν0 y = n
��0�)�&69/&8��
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"?ADC><;=B@#(�'9/&8%

m =| k |+ | ℓ |

3��(k, ℓ, n)
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} Single-particle resonance

} Incoherent resonance

} Coherent resonance
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RMS tune shifts
ü �
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K. Kojima, H. Okamoto and Y. Tokashiki, Phys. Rev. AB 22, 074201 (2019).

Cm : �4F'"(m)FHE��@LYIK�?9�"

k(ν0x −CmΔν x )+ ℓ(ν0 y −CmΔν y ) =
′n
2

k(ν0x − Δν x )+ ℓ(ν0 y − Δν y ) = n

kν0x + ℓν0 y = n
&*D�=)9JMC9L� 
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m =| k |+ | ℓ |

G#"(k, ℓ, n)
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k(ν0x − Δν x )+ ℓ(ν0 y − Δν y ) = n
VcY^dbc]�9!�
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kν0x + ℓν0 y = n
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Initially matched “waterbag” core ( h = 0.8 )

� ��sextupole mode (m = 3) ��
����bare tune� 1/6����!�1/3 ����"

� ��octupole mode (m = 4) ��
����bare tune� 1/8����!�1/4 ����"
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C2 C3 C4
Gaussian 0.78 ± 0.05 0.77 ± 0.06 0.71 ± 0.06

Waterbag 0.71 ± 0.04 0.87 ± 0.03 0.92 ± 0.01

Parabolic 0.73 ± 0.05 0.85 ± 0.04 0.87 ± 0.02

C2 C3 C4

Gaussian 0.71 ± 0.05 0.72 ± 0.08 -----

Waterbag 0.72 ± 0.05 0.82 ± 0.03 0.84 ± 0.01

Parabolic 0.71 ± 0.05 0.80 ± 0.05 0.79 ± 0.01

kν0x + ℓν0 y =
κ m

1− (1−η)Cm

��	��2./10 km3* m ��!��)+,�$*����4

Tune depression h &�'-(%,��

#���$ ��2
3�$
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��=A@?B>" () ∕ (+ = 2 (I2,−1 = 0) 8�6*54PIC+'8( 
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��3:��. (          ) 8%$0�1�	2;:Ckℓ < 0

Ikℓ ≡
ε x
k
+
ε y
ℓ
= 0
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H jqirlnsA�Y��0 P d6OJ

jqi"y
Δν
η

≈
λRrp
4ε⊥β

2γ 3

k(ν0x −CmΔν x )+ ℓ(ν0 y −CmΔν y ) =
Nsp ′n
2

fkspqh�B-�
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P (6.45, 6.42)

D?8;$��� 3

�'H2pRI 348.333 m

	�9AE:G 400 MeV

	�9C><F; 200 pmm.mrad

BF=' 92 m

!��H�BF=I 4.165 × 1013

RMS tune depression : " ≈ 0.98
Band width : ()* ≈ 0.13

} Sextupole mode (m ≤ 3) ��1��
����7"�*

} ./ = 0.75 +63 .3 = 0.8 7��*
} RCS.2 45 ≈ 46 /1.) 7, ℓ, :; =

(1,−1, 0) 0�-,��(1BF@�
745�#*


