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Progress on the lattice this year

A
*  Based on HL-LHCV1.0 lattice (round optics B*=15 cm in IR1 and IR5)
*  ATS-scheme implemented in 3 low-B* IRs
. Different optics versions
- L*=10 m, B*=5,6,7,8,9 and 10 cm
Pre-May 2018 - B*=10cm, L*=10-20 m
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*  ATS-scheme implemented in 3 low-B* IRs
. Different optics versions
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*  Recommendation: Change L¥=15 m. Better for SR and magnets, chromaticity controlled
and (practically) no impact on DA.
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*  BIG question marks, will define real limits:
- Magnet design: aperture and gradient on IT
- DA with errors on IT (HL+LHeC)
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- DA with errors on IT (HL+LHeC)

Pre-May 2018

* Magnet design by B. Parker -> New IR by R. Martin
May 2018
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- L*=10 m, B*=5,6,7,8,9 and 10 cm
- B*=10cm, L*=10-20 m
*  Recommendation: Change L*=15 m. Better for SR and magnets, chromaticity controlled
and (practically) no impact on DA.
*  BIG question marks, will define real limits:
- Magnet design: aperture and gradient on IT
- DA with errors on IT (HL+LHeC)

Pre-May 2018

* Magnet design by B. Parker -> New IR by R. Martin

DA studies with L*=15 m + old IR but with errors on HL triplet. Results DA > 120 @ collision.
May 2018 P
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*  Based on HL-LHCV1.0 lattice (round optics f*=15 cm in IR1 and IR5)
*  ATS-scheme implemented in 3 low-B* IRs
. Different optics versions
- L*=10 m, B*=5,6,7,8,9 and 10 cm
- B*=10cm, L*=10-20 m
*  Recommendation: Change L*=15 m. Better for SR and magnets, chromaticity controlled
and (practically) no impact on DA.
*  BIG question marks, will define real limits:
- Magnet design: aperture and gradient on IT
- DA with errors on IT (HL+LHeC)

Pre-May 2018

* Magnet design by B. Parker -> New IR by R. Martin
DA studies with L*=15 m + old IR but with errors on HL triplet. Results DA > 12¢ @ collision.
TO DO:
- Do new LHeC lattice with new IR integrated and perform DA studies
- Impact of errors in LHeC IR
- Explore lower B*? (special interest in *=7cm)

May 2018
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- L*=10 m, B*=5,6,7,8,9 and 10 cm
- B*=10cm, L*=10-20 m
*  Recommendation: Change L*=15 m. Better for SR and magnets, chromaticity controlled
and (practically) no impact on DA.
*  BIG question marks, will define real limits:
- Magnet design: aperture and gradient on IT
- DA with errors on IT (HL+LHeC)

Pre-May 2018

* Magnet design by B. Parker -> New IR by R. Martin

May 2018 : _IIZ_)Q Is)tgf:lies with L*=15 m + old IR but with errors on HL triplet. Results DA > 120 @ collision.

- Do new LHeC lattice with new IR integrated and perform DA studies
- Impact of errors in LHeC IR
- Explore lower B*? (special interest in *=7cm)

e Lattice with new IR: achieved (same HLLHCV1.0 version)

* DA studies with new IR w/o errors on LHeC IR: similar DA~12c

* Impact of LHeC errors: DA=9.4c

June 2018 *  Studied behaviour of lower B* with previous lattices L*=10 m (not validated with magnet

design). Impact of lower beta™ on DA but not that bad.
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. Different optics versions
- L*=10 m, B*=5,6,7,8,9 and 10 cm
- B*=10cm, L*=10-20 m
*  Recommendation: Change L*=15 m. Better for SR and magnets, chromaticity controlled
and (practically) no impact on DA.
*  BIG question marks, will define real limits:
- Magnet design: aperture and gradient on IT
- DA with errors on IT (HL+LHeC)

Pre-May 2018

* Magnet design by B. Parker -> New IR by R. Martin

May 2018 : _IIZ_)Q Is)tgf:lies with L*=15 m + old IR but with errors on HL triplet. Results DA > 120 @ collision.

- Do new LHeC lattice with new IR integrated and perform DA studies
- Impact of errors in LHeC IR
- Explore lower B*? (special interest in *=7cm)

e Lattice with new IR: achieved (same HLLHCV1.0 version)

* DA studies with new IR w/o errors on LHeC IR: similar DA~12c

* Impact of LHeC errors: DA=9.4c

June 2018 *  Studied behaviour of lower B* with previous lattices L*=10 m (not validated with magnet
design). Impact of lower beta™ on DA but not that bad.
« TODO:

- Explore lower B* with L*=15 m. Seems difficult, big challenge with chromaticity.
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- Explore lower B* with L*=15 m. Seems difficult, big challenge with chromaticity.
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OXFORD

* Mainly address TO DOs:
- Explore lower B* with L*=15 m. Seems difficult, big challenge with chromaticity.

* But also new (even bigger) challenge:
- To use apertures of the magnets we have phases restrictions between Kicker->IPs (R. Martin)
- Validated for version HLLHCV1.3 onwards.
- Current lattice was integrated with HLLCHCV1.0. Even case for *=10 cm has still to be
validated.
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- Explore lower B* with L*=15 m. Seems difficult, big challenge with chromaticity.

* But also new (even bigger) challenge:
- To use apertures of the magnets we have phases restrictions between Kicker->IPs (R. Martin)
Validated for version HLLHCV1.3 onwards.
- Current lattice was integrated with HLLCHCV1.0. Even case for *=10 cm has still to be
validated.

e Solution: Build from scratch new lattice using new version of HL (HLLHCV1.3). Validate apertures on IR
matchings and also useful to have LHeC lattice with an updated HL version... Loads of work though!
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- Explore lower B* with L*=15 m. Seems difficult, big challenge with chromaticity.

* But also new (even bigger) challenge:
- To use apertures of the magnets we have phases restrictions between Kicker->IPs (R. Martin)
Validated for version HLLHCV1.3 onwards.
- Current lattice was integrated with HLLCHCV1.0. Even case for *=10 cm has still to be
validated.

e Solution: Build from scratch new lattice using new version of HL (HLLHCV1.3). Validate apertures on IR
matchings and also useful to have LHeC lattice with an updated HL version... Loads of work though!
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* DA studies: 10° turns, 60 seeds, 5 angles, collision energy and errors in arcs.

* Initial DA around 7o. Lower than previous cases 9.4¢ and bellow 100 required for HL.
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* DA studies: 10° turns, 60 seeds, 5 angles, collision energy and errors in arcs.

* Initial DA around 7o. Lower than previous cases 9.4¢ and bellow 100 required for HL.

* Explore two things to improve the DA:

1. Explore phase between IPs. 12 |
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* DA studies: 10° turns, 60 seeds, 5 angles, collision energy and errors in arcs.

* Initial DA around 7o. Lower than previous cases 9.4¢ and bellow 100 required for HL.

* Explore two things to improve the DA:

1. Explore phase between IPs. 12 |
- Horizontal phase restricted. Kicker->triplet (1,2, 5) < 30° 10l

- Vertical phase. No restrictions.
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1. Explore phase between IPs. 12 |
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2. Non-linear correctors. 8t

- Correctors in IR1 and IR5 % 5
Consistent increase in DA 0
- Correctors in IR2 4
a3/b3 decrease the DA (?) 5|
a4/b4 increase it, not by much but necessary B'=10 cm —o
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* Increase DA by finding good phase and adding a4/b4 correctors.
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* DA studies: 10° turns, 60 seeds, 5 angles, collision energy and errors in arcs.

* Initial DA around 7o. Lower than previous cases 9.4¢ and bellow 100 required for HL.

* Explore two things to improve the DA:

1. Explore phase between IPs. 12 |
- Horizontal phase restricted. Kicker->triplet (1,2, 5) < 30° 10l

- Vertical phase. No restrictions.
2. Non-linear correctors. 8t

- Correctors in IR1 and IR5 % 5
Consistent increase in DA -

- Correctors in IR2 4t
a3/b3 decrease the DA (?) 5| . |
a4/b4 increase it, not by much but necessary B'=10 cm Ep;i;,?i;e"; e
b6 increase it, small amount. 00 10 20 30 40 50 60 70 80 90

Angle (degrees)

* Increase DA by finding good phase and adding a4/b4 correctors.

* New min DA: 10.2 o. Not huge increase but enough to get HL target
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* Old method: Reducing B* with ONLY quadrupoles in IR2

- Challenge: Reducing B* increases chromaticity, beyond chromaticity correction of sextupole families.
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- Challenge: Reducing B* increases chromaticity, beyond chromaticity correction of sextupole families.

* New Method: Reduce B* by re-matching ATS. Changing IR3, increases B function (and correction
efficiency) in sextupoles in arc 23.

- Result: Lattices have been made with lower B* and with chromaticity correction for *=7,8,9
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OXFORD

* Old method: Reducing B* with ONLY quadrupoles in IR2
- Challenge: Reducing B* increases chromaticity, beyond chromaticity correction of sextupole families.

* New Method: Reduce B* by re-matching ATS. Changing IR3, increases B function (and correction
efficiency) in sextupoles in arc 23.

- Result: Lattices have been made with lower B* and with chromaticity correction for *=7,8,9
: These lattices work in terms of lattices matching (B* in IPs, chromaticity correction) but require
higher aperture in triplet that still needs to be addressed )
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- Challenge: Reducing B* increases chromaticity, beyond chromaticity correction of sextupole families.

* New Method: Reduce B* by re-matching ATS. Changing IR3, increases B function (and correction
efficiency) in sextupoles in arc 23.

- Result: Lattices have been made with lower B* and with chromaticity correction for *=7,8,9
: These lattices work in terms of lattices matching (B* in IPs, chromaticity correction) but require
higher aperture in triplet that still needs to be addressed )

* Case for f*=7 cm far more challenging. Struggle to
get acceptable DA.

» Same techniques applied (look for phase +a4/b4
correctors) .
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- Challenge: Reducing B* increases chromaticity, beyond chromaticity correction of sextupole families.

* New Method: Reduce B* by re-matching ATS. Changing IR3, increases B function (and correction
efficiency) in sextupoles in arc 23.
- Result: Lattices have been made with lower B* and with chromaticity correction for *=7,8,9

: These lattices work in terms of lattices matching (B* in IPs, chromaticity correction) but require
higher aperture in triplet that still needs to be addressed )

12

10 | ,%/’/‘\ | * Case for B*=7 cm far more challenging. Struggle to

get acceptable DA.

©
g 6 w.. » Same techniques applied (look for phase +a4/b4
.l | correctors) .
2| B[;fjg om —e— ’ e Manage to get a phase that works better:
= —— .
%0 10 20 30 40 50 60 70 80 90 - Min DA=7.30 for f*=7 cm

Angle (degrees)
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e Several issues have been addressed for the LHeC lattice this year:
— Magnet design for the inner triplet (B. Parker)
— New IR (R. Martin)
— Integrated lattice and chromaticity correction (E. Cruz)
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e Several issues have been addressed for the LHeC lattice this year:
— Magnet design for the inner triplet (B. Parker)
— New IR (R. Martin)
— Integrated lattice and chromaticity correction (E. Cruz)

e Evensome unexpected ones:
— Aperture issue with kicker addressed
— Now integrated to HLLHCV1.3 lattice

e DA studies

— DA more challenging than previously. Solved with optimizing phase and a4/b4 non-
linear correctors.

— DA > 100 (just about) for case with B*=10 cm.
— Unresolved issue of a3/b3 correctors.
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e Several issues have been addressed for the LHeC lattice this year:
— Magnet design for the inner triplet (B. Parker)
— New IR (R. Martin)
— Integrated lattice and chromaticity correction (E. Cruz)

e Evensome unexpected ones:

— Aperture issue with kicker addressed
— Now integrated to HLLHCV1.3 lattice

e DA studies

— DA more challenging than previously. Solved with optimizing phase and a4/b4 non-
linear correctors.

— DA > 100 (just about) for case with B*=10 cm.
— Unresolved issue of a3/b3 correctors.
e (Case for f*=7cm
— Solved issue with chromaticity correction and got a matched lattice.
— Challenging DA. Manage to get a good phase and get

— Lower than HL target but perhaps this can be resolved with further phase studies
and/or solving a3/b3 issue.

— Real showstopper might come from aperture/gradient on inner triplet.

}AI 11t December, 2018, E.Cruz-Alaniz, JAI

London



