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7 IR Steering and Possible Consequences

work in progress in early stage: methods, status, for discussion

FCC-IR with solenoid
e Fieldmap
e implementation in MAD-X using slices w/o overlap in quads

* closing the solenoid bump with nested correctors

First look at steering in the IR region
e IR quadrupols with nested correctors, on MAD-X level
* bump creation to move beams at IP in x,y, x’,y’
e very preliminary look at possible consequences
all shown for Z-energy, based on MAD-X 4 IP sequence FCCee_z_530
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https://indico.cern.ch/event/1186798

y IR magnets move, even after years FCC

S/

Recent LHC example. 0.5 mm in 3 month, presented in LMC 12/10/2022
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y IR steering with external bump FCC
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Phase advance ~ flat over 200 m Steering from outside implies long bump

Here for 0.1 mm offsets at the IP
x =0.5mm at QC4

Now looking into much more local schemes
starting with the solenoid described by the fieldmap
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y 3d 4 quadrant field map FCC |

from Mike Koratsinos, FCC Week, 31/05/2022 3D_map_compentation_only_best_so_far_both_sides_100_100_600.csv
—0.1 <x<0.11n 101 steps of 0.002 m

—0.1 <y <0.11n 101 steps of 0.002 m

—3 <z <31n 601 steps of 0.01 m, in total 101 * 101 * 601 = 6130801 entries.

x=0 y=0 _ Field on straight 15 mrad path
= B ' —Bz P E K - —Bx_cs —Bz_cs P E
>, C 1 N » - —By_cs 1 =
& 0006 1 m 9 o2 y 1 2
3 - —? > L =
M 0004 n ! - ]
- ] S o1 1
_ —I1 | N —1
- - > ]
0.002 E - 5 H \ E
0 - - 0 0 Eﬁva" X 7 ﬂﬁv-h: 0
~0.002— N B N
- - -0.1\— —-1
~0.004|— ] - :
- . 02— ]
~0.006 [ — . - ]
: L I L L L L i L L L L I L L L L I L L L I__ _3 _ I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1—1 _3
3 -1 0 1 2 3 -3 = -1 v ! 2 [ 3]
7 [m] Z_€u |m

Status : implemented with slices determined with field tracking as presented in the FCC week 2022

working with Michael Hofer + Leon van Riesen-Haupt to include this in the MAD-X optics repository
for all IPs using macros in two versions :
limited to *2.19 m to avoid overlap with quadrupoles

full £3.0 m fieldmap with slicing of QCI1L2, QCIL1, QC1R1, QC1R2

left right symmetry broken. Solenoid bump not perfectly closed. Requires correction


https://indico.cern.ch/event/1064327/contributions/4893330/attachments/2453323/4205439/FCC-ee_IR%20solenoid%20modelling_2022_06_01.pdf

y IR geometry, looking for corrector locations

S/

Wanted : correction mechanism to minimize offset and angle entering quadrupoles

Nested correctors in IR magnets, inspired by Katsunobu Oide in his 3/12/2021 presentation

nested
H/V correctors

within anti-solenoid


https://indico.cern.ch/event/1085318/contributions/4582784/subcontributions/358423/attachments/2358181/4024797/Vib_Oide_211203.pdf

y Closing the £ 2.19 m solenoid bump with nested correctors FCC
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MAD-X implementation
install,element=HV_1.1 _IPNR ,at=-1.45, from=IP.IPNR; nested correctors
install,element=HV_1.r_IPNR ,at= 1.45, from=IP.IPNR; in anti
install,element=HV_2.1 IPNR ,at=-1.95, from=IP.IPNR; solenoid
install,element=HV_2.r_IPNR ,at= 1.95, from=IP.IPNR;
HV_1.1 _IPNR :kicker,lrad:=0.5, hkick:= HV_11_h, vkick:= HV_11_v; full length lrad = 0.5 m
HV_1.r_IPNR :kicker,lrad:=0.5, hkick:= HV_rl_h, vkick:= HV_rl_v; lower limit on SR
HV_2.1_IPNR :kicker,lrad:=0.5, hkick:= HV_12_h, vkick:= HV_12_v;
HV_2.r_IPNR :kicker,lrad:=0.5, hkick:= HV_r2_h, vkick:= HV_r2_v;
closure_knob.str FCC-ee 45.6 GeV match x=0, px=0; y=0, py=0; at IP and 1lst quad
HV_12_h := -5.33351e-07xh_on; HV_12_v := -1.88324e-05%v_on;
HV_11_h := -1.28733e-06xh_on; HV_11_v := 1.85260e-05%v_on;
HV_rl1 h := 1.26786e-06xh_on; HV_rl_v := 1.07455e-05%v_on;
HV_r2_h := 5.44594e-07%h_on; HV_r2_v := -1.30454e-05%v_on;



y Closing the £ 3.0 m solenoid bump with nested correctors FCC
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MAD-X implementation  add correctors at pm 3 meters SR power IR
install,element=HV_3.1_IPNR ,at=-3, from=IP.IPNR; 78 kW solenoid
install,element=HV_3.r_IPNR ,at= 3, from=IP.IPNR;
14 kW quadrupoles
HV_3.1_IPNR :kicker,lrad:=1, hkick:= HV_13_h, vkick:= HV_13_v;
HV_3.r_IPNR :kicker, lrad:=1, hkick:= HV_r3_h, vkick:= HV_r3_v; mOStly from QC2L’R1

closure_knob.str FCC-ee 45.6 GeV matched

to @ at IP, QCI1L/R3 and y=0 at HV_QC1L1l.1

HV_13_h := -3.91254e-07xh_on; HV_13_v := -1
HV_12_h := 4.92845e-07xh_on; HV_12_v := -1
HV_11_h := -1.96805e-06xh_on; HV_11_v := 1
HV_rl_h := -3.27550e-06xh_on; HV_rl_v := -9
HV_r2_h := 3.81708e-06%h_on; HV_r2_v := 9
HV_r3_h := 1.24396e-06xh_on; HV_r3_v := =2

.41757e-06xv_on;
. 73823e-05xv_on;
. 88983e-05xv_on;
.18074e-06xv_on;
.45160e-06xv_on;
.23897e-06%v_on;



G IP-bump knob

S/

IR quadrupoles with nested orbit correctors, simulated with thin half quad length

correctors installed left and right of IR quads install_nested_correctors.madx

HV_QC1L3.4 :kicker,lrad:=LQC1L3/2, hkick:= HV_QC1L3.4_h, vkick:= HV_QC1L3.4_v; // 3rd quad left
HV_QC1L2.4 :kicker,lrad:=LQC1L2/2, hkick:= HV_QC1L2.4_h, vkick:= HV_QC1L2.4_v; // 2nd quad left
HV_QC1L1.8 :kicker,lrad:=LQC1L1/2, hkick:= HV_QC1L1.8_h, vkick:= HV_QC1L1.8_v; // 1st quad left

seqedit, sequence = FCCEE_P_RING;
// nested correctors, install at both ends of quad to simulate overlap with quad

install,element=HV_QC1L3.4,at = -5.5602250210956807 ,from=IP.8; // 3rd quad left
install,element=HV_QC1L3.4,at = -5.5602250210956807+LQC1L3, from=IP.8; // 3rd quad left
install,element=HV_QC1L2.4,at = -4.2302250210956807 ,from=IP.8; // 2nd quad left
install,element=HV_QC1L2.4,at = -4.2302250210956807+LQC1L2, from=IP.8; // 2nd quad left
install,element=HV_QC1L1.8,at = -2.9002250210956806 ,from=IP.8; // 1st quad left
install,element=HV_QC1L1.8,at = -2.9002250210956806+LQC1L1, from=IP.8; // 1st quad left
— same right

flatten;

endedit;

! do same for x,y,pXx,py, save results as knob FCCee_z_530_xy_pxpy_knob.str

! x_separ, y_separ in m, px_ang, py_ang in rad

HV_QC1L2.4 :kicker,lrad:=LQC1L2/2,
hkick : 0.4373674 x x_separ + ( -1.113686 * px_ang),
vkick : 0.5148605 x y_separ + ( -1.315066 * py_ang);
HV_QC1L1.8 :kicker,lrad:=LQC1L1/2,
hkick := -0.5641787 % x_separ + ( 1.920246 * px_ang),
vkick := -0.3811457 % y_separ + (  1.490622 x py_ang);
HV_QC1L1.1 :kicker,lrad:=LQC1L1/2,
hkick : -0.564185 x x_separ + ( -1.920262 x px_ang),
vkick := -0.3811385 * y_separ + ( -1.490604 x py_ang);
HV_QC1R2.1 :kicker,lrad:=LQC1R2/2,
hkick := 0.4373432 x x_separ + ( .113624 * px_ang),
vkick : 0.5148907 * y_separ + ( 1.315143 % py_ang);

=



y Example of vertical IP bump FCC
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shown for solenoid off
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Ecrit Power . .
keV KT radiated vertically
HV QOClL2 173.3 33.1 at ~ 500 urad
HV_QC1L2 173.3 33.1 o .
HV OC1L1 229.1 32.4 hitting vertically ~ 70 m
HV _QOC1lL1 229.1 32.4
HV QC1L1 229.1 32.4
HV _QCIL1 229.1 32.4 ower scalin
HV QC1R2 173.3 33.1 p &
HV_QC1R2 173.3 33.1 with bump amplitude squared
> correctors 262 k

+ 8 kW increase in quad rad
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y Concluding remarks FCC

S/

working on implementation of IP-bumps on MAD-X level

closing solenoid bump with correctors in anti-solenoid looks feasible

proposed for implementation in FCC optics repository ( knob and element names may change )
added to full FCC-ee sequence with seqedit

strength defined as knobs that can be adjusted :

h_on:=1; v_on:=1; // closed solenoid bumps on

x_separ:=1.e-3;  // Imm horizontal bump  py_ang:=50.e-6; // 50 urad angle

from this first look :
IP steering rather critical — with full intensity limited to small fraction of millimeter

need for remote controlled align / adjust

study to be checked and improved in many respects :
* modify corrections schemes to take into account practical considerations
e check/correct coupling
e work with both beams — closed for both beams ?
also when the two beams enter with different offset ?
e define limits of allowed tolerances

e determine limits of where the radiation hits  ( tracking GEANT4 level )
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