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Interaction Region Conceptual
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Interaction Region Lattice

Q7-Q13 Q4-Q6 D2 D1 Q1-Q3 Q1-Q3 D1 D2 Q4-Q6 Q7-Q13

e e . SR B .

6/25/15 LHeC Workshop 4



Q7-Q13

6/25/15

Interaction Region Lattice

Q4-Q6 D2 D1 Q1-Q3 IP Q1-Q3 D1 D2 Q4-Q6

i B * i B

2 Recombination Dipoles
Change trajectory of proton beams

kdi.1l2 = adl.1l2/1.mbx
kdl.xr2 = adl.r2/1l.mbx
kdz2.12 = ad2.12/1.mbrc ;
kd2.xr2 = ad2.r2/l.mbrc ;
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Q7-Q13
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Interaction Region Lattice
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26 Quadrupoles for each beam.
13 each side. 23 independent.

Focus proton beams
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!Beam2
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Interaction Region Lattice
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Changes to the IR lattice

Q7-Q13 Q4-Q6 D2 D1 IP
L *

1 N,

D2 Q4-Q6 Q7-Q13

FOCUSING. QUADRUPOLES. Implementation of new
inner triplet Q1-Q3 ( L*=10 m) with normal (for P2) and
field free holes (P1).
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Changes to the IR lattice

Q7-Q13 Q4-Q6 D Q1-Q3 IP Q1-Q3 Q4-Q6 Q7-Q13
<> <>
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g
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TRAJECTORY. DIPOLES. Inverse polarity of D1 and D2.
D2 1.21 stronger, D1 3.43 Stronger give 68 mrad of
aperture between proton beams in the entrance of Q1
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Conceptual Design LHeC IR
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Challenges Post CDR

* Integrate LHeC IR into the HL-LHC lattice.
Achieve low beta* leaving HL undisturbed and

while controlling the chromaticity.

* Explore flexibility of the design, limits on L¥*,
beta™ in terms of quadrupoles strengths,
chromaticity correction and DA.

e SRinthe IR to be absorbed and masked to the
detector.



B* Minimization

Problem of minimization of B*:

We reach a limit on quadrupoles strengths and, most
importantly the IT causes huge chromatic aberrations.

We need:
B*= 10 cm for the Luminosity=1033 cm2s!
B*=5 cm for the Luminosity=103* cm?s1



Achromatic Telescopic Squeezing (ATS)
Scheme. HL-LHC

Take example of the ATS implemented in HL. This makes use of the adjacent arcs to the IR
whose B we want to minimize (IR1, IR5 in this case) to create a B wave that will increase
the B function in the location of the sextupoles at the same rate than minimizing the f*
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Achromatic Telescopic Squeezing (ATS)
Scheme. HL+LHeC

HL-LHC HL-LHC + LHeC
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HL+LHeC ATS Optics. Beam 2

The first integration of the LHeC IR into the HL-LHC lattice using the ATS optics was done
by M. Korostelev. This integration achieved a minimization of B* values simultaneously in

IP1, IP2 and IP5.
IP1/1P5 IP2
B*=15 cm B*=10 cm
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Design Flexibility

Disadvantages Advantages Cases found
Minimize p* Increase Increase
Chromatic Luminosity B*=5-10, 20 cm
Aberrations With L* fixed at 10 m
Increase L* Increase Reduction
Chromatic Synchrotron L*=10-20 m
Aberrations Radiation With B* fixed at 10
Shorter cm
cantilever
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Chromaticity

Figure shows the natural chromaticity for different L* and B*. The absolute value of the
natural chromaticity increases linearly as we increase L* while minimizing B* causes the
chromaticity to increase more rapidly. B* (cm)
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Chromatic Correction

The chromatic correction was done in two different ways, LHC-like adjusting only the
chromaticity to a value of 2 and LHeC-like, adjusting also the Wx, Wy below a value of 200
in the collimation insertions IR3 and IR7. The benefits of the second correction are clear in

terms of the peak W functions. DA studies also confirm this in terms of stability of the
beam.

LHC-like correction LHeC-like correction
Vary Constraints Vary Constraints
KSF1, KSF2, KSD1, KSD2 | dql=2, dg2=2 KSF1, KSF2, KSD1, KSD2 | dg1=2, dg2=2
all arcs varying at the all arcs varying Wx, Wy<200 in
same rate independently IR3 and IR7
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6/25/15 LHeC Workshop s (m) 18

600

Wy, W,
W, W,




Chromatic Correction

This chromatic correction matching was successfully achieved for
a maximum L* of 18 m and a minimum B*=8 cm.
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Chromatic Correction

The limit of this chromatic correction matching is then found for
a natural chromaticity of around -480

B* (cm)
56 7 8910 20

-400
-420
-440
-460

S | AL - S

""""""""" O480° T
-500 [
-520
-540

-+ X
+ +><+ + +
+

+
X
L*vs Q, +
B*vs Q, X

X

6/25/15

10 12 14 16 18 20
L™ (m)

LHeC Workshop

20



Synchrotron Radiation

Find minimum separation

1. d(L) > 65 mm for L*<14 m, d(L) > 87 mm for L*>14 m.
2. Separation at first long range encounter
has to be at least 12 ©.
3. Electron beam must physically fit inside free field hole.

'Scaling LHEC CDR &
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Dynamic Aperture

The DA was computed for the beam 4 (beam 2 backwards) of the HLLHCV1.0 version of the
HL lattice. The figure compares it with the inclusion of the LHeC IR for the lattice with L*=10
m and B*=10 cm. A clear reduction of the DA is observed but further studies are to be done
including the errors missing.

HL-LHC s—m—

SixTrack 30 tHL-LHC+LHeC +—e—

60 Seeds T
100,000 turns o5 |

Errors in LHC Magnets {

No errors in IT, D1, D2
In IR1,IR2 and IR5, and Q4 20 |
and Q5, in IR1 and IR5

15 | ! ] ' l

0 10 20 30 40 50 60 70 80 90

DA (c)

Angle (degrees)
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Dynamic Aperture. Different L*

The DA was computed also for different versions of the lattice with different L* and B* fixed
at 10 cm. It is shown that up to L*=15 m the DA is similar to the nominal case with L*=10 m.
However for the cases L*=16 m and 17 m the DA reduces considerably.

S S S [ e
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Dynamic Aperture. Different L*

The DA was computed also for different versions of the lattice with different L* and B* fixed
at 10 cm. It is shown that up to L*=15 m the DA is similar to the nominal case with L*=10 m.
However for the cases L*=16 m and 17 m the DA reduces considerably.
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Frequency Map Analysis

Diffusion factor D=log,,=V((Av,)?+(Av,)?)
Difference of tune after 5000 and 10,000 turns
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Tune Diagram

Tune diffusion between 5,000 and 10,000 turns in a resonance diagram
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FMA. Different L*

10 m beta*=10 cm and

Similar amplitude maps are found between the cases L*
=15 m, beta*=10 cm.
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FMA. Different L*

Clear differences are found between the cases L*=10 m f*=10 cm and L*=17 m,
B*=10 cm.
L*=10 m, B*=10 cm

L*=17 m, *=10 cm
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The upgraded case *=5 cm

Towards Luminosity 21034 cm2s?

The most challenging case with f*=5 cm was found in terms of the quadrupoles but
the chromaticity correction was only achievable without controlling the Wx, Wy
functions in IR3 and IR7 which is reflected in the DA results:

22 . —
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Conclusions
Case 1033 cm™?s1(B*=10 cm):

First order optical designs have been found for up
to L*=20 m.

LHeC-like chromatic correction was only achieved
up to L*=18 m and for a minimum B* of 8 cm.

DA and FMA studies were done for up to L*=17
m.

From DA studies largest L* is 15 m. A steep
reduction of DA is observed for larger values.

L* of 15 m could also reduced the SR by a factor
of 2.



Conclusions
Case 1034 cm2s1(B*=5 cm):
* Control of chromatic aberrations (LHeC-like
correction) is not possible.
* Too low DA (6 o without triplet errors!).

* Not longer possible to increase L* to 15 m to
mitigate SR.
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