PHASE II SCENARIOS
R. CALAGA, SEPT 18, 2009

* LHC Upgrade & Crab Scenarios (3)

* Assumption: Phase | Success Needed 7
* Luminosity Leveling

* Future Prospects & Challenges

Ack: CC Collaboration




PuAsSE II SCENARIOS

Upgrade scenarios aim at x10 increase in Luminosity:

DO in detector (N, = 1.7 x 10", B~10 cm, crab cavities to eff{® }=0)

LPA scheme (Nb — 5 x 10", & ~2,6 =12 cm, eff{cbpiw} =0, leveling)

P

Full crab crossing (outside detectors, natural leveling knob)

Low emittance (N, = 1.7 x 10", e~1um, benefit from leveling with crabs)



POTENTIAL CRAB SCENARIOS

* Global

* Installation in the capture cavity region
* Extend/Use the IR4 Dog-Leg
* Lock Ph. Adv IP1—IP5

* Global Il = where ?

* IR4 4+ Dog-Leg elsewhere in ring
* Adv: flexibility in phase adv IP1—IP5

* Local (Phase Il current baseline)
* Dog-legs (if needed) in IR1/IR5 Region
* Adv: rest of the ring “untouched”



GLOBAL VS. LOCAL

IR4 section has potential options Beam-to-beam spacing difficult
RF infrastructure/cryogenics Need IR dog-legs, $$$$
Integration easier, fewer cavities 4 cavities/IP, control (phase...)?

Impedance, Failures/trips (x2 or x4)

Beam dynamics more complex Collimation worries are more relaxed
Voltage maybe large for small B* Crab voltage is modest (IR Optics)
Ph.Adv IP1—1P5 no flexibility Rest of ring is undisturbed

Perhaps many others...



GLOBAL EXTENSION, IR4
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Other potential location (~37cm separation, synchrotron radiation 7)

Less problematic for Beam 1 due to QRL, compact cavities better



FELSEWHERE IN LHC

Optimistic maximum cavity size: 170 mm (beam pipe radius)
Smaller aperture NEVER desired (SRF Cavity !!!)

Voltage cost $$$ (smaller Bcc & B*)

* Elliptical (VV): 180 mm or less

» Kota Cavity: 150 mm (V 77)

O

* Jean's toaster cav: < 150 mm

* Zenghai's %2 Wave: 120-150 mm

* 800 MHz — BP inside Helium!



LocAL SCHEME, IR1/5
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Two extra dipoles for dog-leg (if needed)

VV Crossing

Maximum separation “within” reach of

conventional technology (VV X-ing)

Compact cavities ideal for local scheme Nominal Separation: 19cm



APERTURE, LOCAL SCHEME

Magnet = Aper-H [mm] | Aper-V [mm] Tesla L [m]
D 134 110 I 10
D 106 70 7 10
CC 120-140 (84 required) 20
78 60 4 10
12
D, 69 53 3.85 10

* Large aperture cavities for sufficient margin (orbit, optics, etc..)
* Instrumentation & active feedback (orbit & phase control)

* RF infrastructure and cryogenics (see R. Ostjic's talk)

Courtesy R. Tomas



LocAL LAayoutT & OPTICS
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LuMi LEVELING, CROSSING ANGLE

Max BB Tune shift
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Graphic courtesy G. Sterbini



LumMmIi LEVELING
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BEAM DYNAMICS

A detailed “phase 2" lattice with crabs needed (X-angle, X-scheme)
DA calculations to follow as lattice, x-scheme evolves
Collimation effects (perhaps non-issue)

Impedance of 8-cavities and damping requirements !

If global scheme remains:

Fixed phase advance between IP1-5 depending on x-scheme



PROSPECT OF NOVEL STRUCTURES

Brilliant ideas — reality maybe on the horizon
But: when you add all couplers, they also look beastly
R&D outcome:
Develop a “true” deflecting cavity (for ex: Delayen's idea)
New SRF proof of principle, ~byrs (within reach for phase 2)

Beam testing (light sources, test facilities)



How MucH HARDWARE, LOCAL

Two cryomodules per/side of IP (total 8 cryomodules for 2 IPs)
Four dipoles per/side of IP (if dog-leg needed - $$)

Power supplies, cryogenics etc.. (see R. Ostojic's Talk)

27 cm

# of cavities will depend on U

performance, energy, optics




SOME OTHER CONSIDERATIONS, LOCAL

Commissioning & control of 8 cavities

Damp/detune/ramp 8 cavities (min), needs study
Longitudinal modes: {Rsh < 200 kQ, Im(Z/n) < 0.15 Q}
Transverse stability, min(Q__~ 10**), spec ~ 10°

Fast orbit feedback (10 Hz sufficient ?7)

4-bump near the crab cavity region

Minimize beam loading and instabilites

D11




CONCLUSIONS

* Strategy to crab crossing phase Il upgrade is taking shape

* Upgrade maybe incremental

* Prototype tests vital before BIG investment in time & money
* Need clear recommendation to proceed *
* Operations to benefit greatly from KEK-B experience
* Compact structures vital for future: ? yrs for construction &
commissioning

* |nitiate a coordinated study group lead by CERN

* Possibility to test KEK-B Crab Cavity in SPS 7 F. Zimmermann



THE ULTIMATE UPGRADE
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USY

Lase) 100-mm asymmetric coil design

G,,..=247.6 T/m, 1

max

=15.34 kA for J (12T,4.2K) = 3000 A/mm?

max

Two types of quadrant coils address
the field coupling issue.

R. Gupta; BNL

June 2004, Fermilab



CONCEPTUAL DESIGN REPORT

LHC-CCO09:
Workshop report & AB-recommendations for Phase | & Il strategy

LHC-CC10:

“Conceptual design report”

LHC Crab Scheme Overview

Crab Optics

Collimation & Machine Protection

Cavity-Coupler Design

Cryomodule Design

Infrastructure, Cryogenics & Instrumentation
Cryomodule Fabrication & Installation

RF & Beam Commissioning

Phase | Measurement Procedures & Instrumentation

Phase Il Scenarios and Implementation



DOWN SELECTION DISCUSSION

Cavity:
Exact cavity dimensions and 3D file format made available
Symmetrical or asymmetrical shape
Available beam pipe aperture (~ 14 cm)
Peak surface fields normalized to 2.5 MV kick from 2-cell cavity

Relevant RF parameters (R/Q's, Lorentz force detuning, errors studies)

Coupler:
Exact (and final) design of the couplers (LOM, SOM, HOM) & damping numbers
Fixed orientations (no long horizontally oriented couplers possible)
Dimensions of various couplers (Length, radius) and interfaces (flanges etc...)
Static heat losses of all coupler and required cooling circuit
Weld points of each coupler, feasibility & difficulty of different weld paths
Tolerance studies on fabrication /alignment errors on damping and cavity fields
Mechanical and thermal analysis of each coupler assembly and impact on damping and cavity

RF window sizes and locations, handling (fragile), bellows

Multipacting:
Local field map quality (RF-codes)
Initial seeds, SEY coeffecients & cavity coverage area
Impact of individual couplers and MP bands (soft/hard)



DOWN SELECTION DISCUSSION

Cavity treatment:
Cavity design/ports and complexity of cleaning
General configuration of BCP/EP and HP water rinsing (horizontal/vertical)

Support structure of specific design

Helium Vessel (remember counter-rotating beam is < 42 cm away):
Geometrical dimensions of the He-vessel
Detailed weld points of He-vessel and difficulty of welds (impact of couplers)
He vessel thickness, bellows and detailed mechanical stability study
Tuning mechanism & impact on the cavity tuning (freq. tuning ~ 10's of kHz)
He-flow noise and pressure regulation and suppression (~ 10 Hz/mbar)

Misc:
Assembly guidelines for cavity-coupler and alignment (fixed points, survey)
All required instrumentation (pressure-temperature gauges, connectors etc..)

Transporation of the cavity-coupler-cryomodule (Longitudinally < 5 m & Transversely < 0.9m)



DOWN SELECTION DISCUSSION




PROTOTYPE TESTS (“ MAIN GOALS”)

Feasibility of crab cavities in the hadron a machine
Cavity-coupler R&D
Gradient reach, impedance. damping, tuning, ramping, reliability
Cryomodule & LHC environment
Cavity control, machine protection, interlocks
Safe beam operation (low intensity) & reliability
Beam tests, measurements (orbits, emittances, optics, noise)
Collimation, impedance (intensity increase), beam-beam effects
Setup for luminosity gain tests (2-cavities preferred):

unsqueezed optics, tune modifications, reduced emittance
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