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parameter

symbol

transverse emittance

e [um]

protons per bunch

N, [104]

bunch spacing

At [ng]

baseline

beam current

| [A]

longitudinal profile

rms bunch length

o, [cm]

beta* at IP1&5

B [m]

full crossing angle

0, [urad]

Piwinski parameter

$=0.0,/(2*c,*)

0.64

peak luminosity

L [10%4 cmr2sY]

1

2.3

peak events per crossing

19

44

initial lumi lifetime

7, [h]

22

14

effective luminosity
(T =10 h)

turnaround ™

L [1034 cmr2sd]

0.46

0.91

Trun,opt [h]

21.2

17.0

effective luminosity
(T =)

turnaround ™

L [1034 cmr2sd]

0.56

1.15

Trun,opt [h]

15.0

12.0

e-c heat SEY=1.4(1.3)

P [W/m]

1.07 (0.44)

1.04 (0.59)

SR heat load 4.6-20 K

SV

0.17

0.25

Image current heat

P,c [W/m]

0.15

0.33

gas-s. 100 h (10 h) 7,

P [W/m]

0.04 (0.38)

0.06 (0.5

extent luminous region

o, [cm]

4.5

4.3

comment
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2515 amal

protons per bunch N, [104]

50 ns, long

bunch spacing At [ns]
beam current | [A]
longitudinal profile

rms bunch length o, [cm]
beta* at IP1&5 B [m]

fulcossngangle | O fwrad] |
| Piwinsd prameter | 9=0.0/(2"0)
houglassreduction |
peckevenispercrossing |
initid lumi lifetime [ [ |
effective luminosity

(Thureruna=10 h)
effective luminosity
(-I-turnaround=5 h)
104059

extent luminous region o, [cm]

N B 00 -5 (00

0.36 (0.1)
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m_haam limit
NCOCALTT 1] ||l.

with alternating planes of crossing at two IPs,
luminosity equation can be written as

- ey @ ° AQVLH@ I mon -

\L 50 NS \L\L 25 ns TT 50 NS
l 50 ns

where AQ,, = total beam-beam tune shift
(hourglass effect is neglected above)

W. Scandale/F. Zimmermann, 19.03.2007



25-ns low-PB upgrade scenario

stay with ultimate LHC beam (1.7x10
protons/bunch, 25 spacing)

squeeze 3* below ~10cm in ATLAS & CMS

add early-separation dipolesin detectors, one at
~3m, theother at ~8 m from IP

possibly also add quadrupole-doublet inside
detector at ~13m from IP

and add crab cavities (@.ingi~ 0), and/or
shorten buncheswith massive addt’| RF

— new hardwareinsdeATLAS & CMS,
— first hadr on-beam crab cavities

W. Scandale/F. Zimmermann, 13.02.2007 (\]-'P- Koutchouk et al)




CMS & ATLAS IR layout for 25-ns option

* =22 m

A

[
»

DO dipole QO quad’s

ultimate bunches & near head-on collision

W. Scandale/F. Zimmermann, 19.03.2007



25-ns scenario assessment
(accelerator view point)

merits:

negligible long-range collisions,

no geometric luminosity loss,

no increase in beam current beyond ultimate

challenges:

DO dipole deep inside detector (~3 m from IP),

QO doublet inside detector (~13 m from [P),

crab cavity for hadron beams (emittance growth),
4 parasitic collisions at 4-5¢ separation,
“chromatic beam-beam” Q’ ~0./(4np*cs),

poor beam and luminosity lifetime ~3*

W. Scandale/F. Zimmermann, 19.03.2007



o

4 parasitic collisions at 4-5¢ offset

In 25-ns low-B case

concerns.

e poor beam lifetime
e enhanced detector background

discouraging experience at RHIC, SPS,
HERA and Tevatron

W. Scandale/F. Zimmermann, 19.03.2007



50-ns higher B* upgrade scenario

double bunch spacing

longer & mor e intense bunches with
Doivinski™ 2

keep B*~25 cm (achieved by stronger low-f3
guads alone)

do not add any elementsinside detectors
long-range beam-beam wir e compensation

— novel operating regime for hadron
colliders

(W. Scandale, F.Zimmermann & PAF)




CMS & ATLAS IR layout for 50-ns option

* =22 m

A

\
M

long bunches & nonzero crossing angle & wire compensation

W. Scandale/F. Zimmermann, 19.03.2007



50-ns scenario assessment
(accelerator view point)

merits:

no elements in detector, no crab cavities,

lower chromaticity,

less demand on IR quadrupoles (NbTi possible)

challenges:

operation with large Piwinski parameter unproven for
hadron beams,

high bunch charge,

beam production and acceleration through SPS,
“chromatic beam-beam” Q’ ~0./(4np*cs),

larger beam current,

wire compensation (almost etablished)

W. Scandale/F. Zimmermann, 19.03.2007



IP1& 5 luminosity evolution for 25-ns and 50-ns spacing

luminosity [1034 cm™s” ]

15 25 ns
| spacing

50 ns

; spacin
101 P P g
; . -’. (— N — average
i I luminosity
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initial luminosity peak tlme [h]

may not be useful for physics
W. Scandale/F. Zimmermann, 19.03.2007
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IP1& 5 event pile up for 25-ns and 50-ns spacing

events per crossing

50 ns
400 spacing
25 ns
300 spacing
200
100 |
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time [h]

W. Scandale/F. Zimmermann, 19.03.2007



old upgrade bunch structure

S S S S nominal
4+—>
25 ns
v .
D D D D ultimate
4+—>
25 ns
o O 2.5-ns upgrade
<+
~T2.5ns abandoned

at LUMI'06

W. Scandale/F. Zimmermann, 19.03.2007



new upgrade bunch structures

S— S— S— S— nominal
<+—>
25 ns
D D D D
<+—>
25 ns
50-ns upgrade,
.' .. no collisions @S-LHCD!
v ol
50 ns oline-
aew 000
v a8 - a8 - 50-ns upgrade
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. ¢ ; vvﬁ? 25 ns
25 ns collisions

In LHCDb

W. Scandale/F. Zimmermann, 19.03.2007



S-LHCD collision parameters

parameter symbol 25 ns, offset | 25 ns, late collision 50 ns, satellites
collision spacing Teon
protons per bunch N, [101]
longitudinal profile
rms bunch length o, [cm]
beta* at LHCb B [m] 0.08 3
rms beam size o, ,* [um]
rms divergence o, .~ [urad]
full crossing angle 0. [urad]
Piwinski parameter $=0.0,/(2*c,*)
peak iuminosity L [1032 cm-2s-1]
effective luminosity
(5 h turnaround time) L [1033 cm-2s-]
initial lumi lifetime 7, [h] 9
length of lum. region  o,[cm] 1.6 8.0

- SR | 2 6
rms length of luminous region: | = - 4+ e

2 2 * 2
O, O, 20 x y

F. Zimmermann, W. Scandale, 19.03.2007




luminosity leveling Iin IP1&5

experiments prefer more constant luminosity, less
pile up at the start of run, higher luminosity at end

how could we achieve this?

25-ns low-B scheme: ——
y Novel proposal under investigation

dynamic [3 squeeze Change the crossing angle
G. Sterbini

50-ns higher-f scheme:

dynamic B squeeze, and/or

dynamic reduction in bunch length
(less invasive)

F. Zimmermann, W. Scandale, 19.03.2007



leveling equations
: LyOina _
events/ Xing = ~const L =L, =const
nb
L0, Np beam intensity
N =N, - U decays linearly
Ny
length of run average luminosity
1:run — ANWBX nb | = LO
Lo Nip e 14 L Gtotnlp T

turn-around
AN

F. Zimmermann, W. Scandale, 19.03.2007



25 ns, low B*, 50 ns, long bunches,
with leveling with leveling
events/crossing 300 300
run time N/A 2.5 h
av. luminosity N/A 2.6x103%4s1cm
events/crossing 150 150
run time 2.5 h 14.8 h
av. luminosity 2.6x10%%s1cm= 2.9x10%%s1lcm>
events/crossing 75 75
run time 9.9 h 26.4 h
av. luminosity 2.6x10%s1cm= 1.7x10%%s1cm=2

F. Zimmermann, W. Scandale, 19.03.2007 assuming 5 h turn-around time




IP1& 5 luminosity evolution for 25-ns and 50-ns spacing

with leveling

2 -1

s ]

luminosity [10°%m’

25ns
spacing

' 50 ns
4 spacing
= average
X luminosity

time [h]

F. Zimmermann, W. Scandale, 19.03.2007



IP1& 5 event pile up for 25-ns and 50-ns spacing

winthh lewialina

events per crossing

140
50 ns
spacing
25ns
spacing
5 10 I5 20 25 30 3

120!
100!
30 |
60 |
40|
20|

S

time [h]

F. Zimmermann, W. Scandale, 19.03.2007



summary

* two scenarios of L~10% cm~s? for which heat
load and #events/crossing ar e acceptable

e 25-nsoption: pushes B*; requires dim magnets
Inside detector, crab cavities, & Nb;Sn
guadrupoles and/or QO doublet; attractive if total
beam current islimited; transformed to a 50-ns

spacing by keeping only 1/2 the number of
bunches

* 50-nsoption: hasfewer longer bunches of higher
charge; can berealized with NbT1 technology If
needed ; compatiblewith LHCb ; open issues are
SPS & beam-beam effects at lar ge Piwinski angle;
luminosity leveling may be done via bunch length

Landviapr




recommendations

* luminosity leveling should be seriously
considered. — higher quality events,

— moder ate decr ease In aver age luminosity

* It seems |ong-bunch 50-ns option entailslessrisk
and less uncertainties, however not w/o problems

* leaving the 25-ns option as back up until we have
gained some experience with thereal LHC may
be wise

* needed for both scenarios are concrete optics
solutions, beam-beam tracking studies, and
beam-beam machine experiments

W. Scandale/F. Zimmermann, 13.02.2007




