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Commissioning of the 90 m Totem Optics

e Introduction : scenario; [5, phase advance, tune

® Compatibility of early physics and Totem 90 m optics
¢ need for global tune compensation of ‘‘un-squeeze”
e aperture, [}-beating
e smooth ‘“‘un-squeeze” to 90 m

e Conclusion

based on work and discussions within LCU, LHCCWG & LTC

~/graphics/LHC/LHCC_Totem90mComm


http://committees.web.cern.ch/committees/welcomeLHCC.html
http://committees.web.cern.ch/committees/welcomeLHCC.html
http://ab-dep-abp.web.cern.ch/ab-dep-abp/LCU/LCU_meetings/Minutes.html
http://ab-dep-abp.web.cern.ch/ab-dep-abp/LCU/LCU_meetings/Minutes.html
http://lhccwg.web.cern.ch/lhccwg/
http://lhccwg.web.cern.ch/lhccwg/
http://ab-div.web.cern.ch/ab-div/Meetings/ltc/
http://ab-div.web.cern.ch/ab-div/Meetings/ltc/

Scenario : early physics and Totem 90 m optics

Earlier physics operation :
e injection ; optics with §* = 11 m in IR1/5, no crossing angle
¢ injection of limited number of bunches ( 43 to 156 ) and intensities ~ 5x101° / bunch
e ramp with same $* = 11 m in IR1/5
¢ prepare for physics
® normally : increase Luminosity by local squeeze from 11 m down to 2 m in both IR1/5
® here : local squeeze in IR1to2m + ‘“un-squeeze” in IRS to 90 m [3*

with phase advance of Auy = 0.25 (90°), Aux=0.50 (180°) for outgoing beam between
IRS and roman pot at 220 m from IP ( between Q5 and Q6 ).

What happens in the squeeze and un-squeeze and how does it compare ?

the main changes in tune (phase advance) and aperture can be derived from optics
principles ---->




p-function, phase advance and tune

the [-function in a field free region
has a form of a parabola with

relation between phase advance ¢(s),

B(s) and tune Q(s) = P(s)/ 2w

integrated symmetrically around the minimum
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squeeze, inj. -> physics

for the LHC with
[=26.15 m from

IP to centre of Q1

un-squecze

Q from insertion




LHC physics tune

Target physics tunes are Qx = 64.31 and Qy = 59.32
for both beams in the LHC

individual contributions from arcs and insertions :
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Remains constant from end of ramp through the squeeze

IRS contributes 2.633 in Qx and 2.649 in Qy, both for beam 1 & 2




p* = 2 m physics optics in IR 5
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p* =90 m Totem optics
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Aperture of f* = 2 m physics optics in IR 5

IR5 bl nl aperture MAD-X 3.03.41 09/03/07 10.53.43
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Aperture of f* = 90 m Totem optics

IR5 bl nl aperture
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Aperture of 90 m Totem optics at injection

IR5 bl nl aperture MAD-X 3.03.41 13/03/07 22.17.34
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90 m Totem optics. AQx = 0.093, AQy = 0.029 using trim quads kqtd, kqtf

similar for both beams, shown here for beam 1

maximum excursions in x : -3.5to + 2.2 %

(B-Po)/Po 10000 15000 20000

maximum excursions iny : -1.2 to + 0.6 %
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match “squeeze” from 90 m to 11 m in IRS, left side

In 21 steps, each step with a 10 % reduction in f§* (90, 81, 73, ... 11 m). Last step shows
our normal 11 m strength. Match with 23 variables (quad strength), 19 constraints 3, D..
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“squeeze” match from 90 m to 11 m in IRS, right side

|

KQXR5 —+—
KTQXIR5 =
KTQX2R5
KQ4.R5B1 =
KQ5.R5B1
KQ6.R5B1
KQ7.R5B1 e -
KQ8.R5B1
KQ9.R5B1
KQI0.R5B1
KQTLI11.R5B1
KQT12.R5B1
KQTI3.RSBl  +

o Rg

30

step number
kqt13, kg4, kgx, ktgx1, ktqx2 interpolated between start / end




ﬁx (I’H), BY (m)

squeeze from 90 m to 11 m

I

V6.500 initial totem optics 90m MAD-X 3.03.41 13/03/07 20.27.05 25
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beta =72 MAD-X 3.03.41 13/03/07 20.27.25 25

- 2.0

[*))x (I’H), BY (m)

D (m), D (m)

- 1.5

- 1.0

- 0.5

600.
Momentum offset = 0.00 %




beta = 65 MAD-X 3.03.41 13/03/07 20.27.31
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beta = 59
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beta = 53
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beta = 47 MAD-X 3.03.41 13/03/07 20.27.53 25

- 2.0

B (m), By (m)

D (m), D (m)

- 1.5

- 1.0

- 0.5

600.
Momentum offset = 0.00 %
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beta = 38
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beta = 15 MAD-X 3.03.41 13/03/07 20.29.05 25

- 2.0

B (m), By (m)

D (m), D (m)

- 1.5

- 1.0

- 0.5

- 0.0

600.
Momentum offset = 0.00 %

s (m)
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ir5 inj. optics, this is the target MAD-X 3.03.41 13/03/07 20.29.21
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Conclusion

Based on the optics / aperture arguments presented :
the ‘“‘un-squeeze” from our standard 11 m injection&ramp optics to the
90 m Totem optics in IP 5 looks feasible.

One known issue :

The ‘““un-squeeze” is not completely local : the global tune is reduced ;

this is correctable by a global tune adjust within the nominal tuning range
and not expected to be critical : to be verified in early operation or MD

Commissioning time

Hard to predict for a new machine of the size and complexity of the LHC
Probably similar to the time needed to commission the squeeze down to 2 m
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Outlook V6.501

LHCVERSION V6.500
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Phase advances were kept fixed
between optics versions V6.5 and

V6.500
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To allow for a more general optimisation,
they were allowed to change for V6.501,

mux increased in various places : IR2, IR7
can be expected to rather facilitate the

integration of the early Totem 90 m optics.
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AQx = 0.093, AQy = 0.029 adjust required for Totem 90 m
same for b1, b2 : use main quads to adjust tune kqd, kqf
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