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. Magnet system, LHC vs. HL-LHC
- Crab cavity

- Alignment

- SC links

- Collimation
- Conclusions and next steps

Remark:
the integration effort has just started and it is putting in evidence challenges.

Due to time and rapid evolution of reference baseline we do not have yet solutions
for all of them
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From concept to virtual reality @
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3D models are, at this stage, a S|mpI|f|cat|on of

Hich
Luminosity
LHC

[ o LIPS Dnssacbny- LI LT et Typas et Typm, TAN- Ll — Lo o
reahty P
d| 8| =
BB ‘ Space reserved lar on -cl-:u:l.rr.m nachna -"':EI‘. EL DM?E‘R.F_) - _
alal il € {5 ER oo
g a5 LAFF- Dby 1L LT oo Typad g, T rpa_mrgme AP O e — L T
b b s Meedoe Hoo .
! I -‘-\. ‘.-H-\-\I E-‘:Lrl:lln F-:l“rln: "
B ATy . Dpcfomrey  — pIR FEY _ ER P ) Far trameport 1
— wen Lbe ey LHOLL_ 0000 fagy Fn holf oobant oy ‘:'D,k ¥ f O 450 .,
EEI Fear wver plon do Svwraso Lty | gy {Lr.l | Pewir cabila 1BkY For RR
;| |Canaral smrvoee 1|:_'.|I -’\ e 4 —\.\ Elasbrical povarrg bar l‘.r:an:rI. . _d_‘
il &) N T g _Q,LEH IElaclrigal bosa each 273 molers - P Space reserved -
o ' 9 ; -, ey 3 28)
"J fJ _P._. r-lllr'\'l\:l o Ll ‘I.. Lroms ml:Flﬂl ".ﬁh h"‘-\._ I(.- ...ﬁ.r.l. EErYICER L 'J\ F:H' -u-\"l'j
.| Cablas Tr-'.qj 2 _z '\_ o ""\--.\_H U\J .lal"u‘ —1 .-’E‘ Ganaral seroses -
5|2 Sgeatl T W 7 Canmumonbns D Safaly :
=@ Cables Tray 3 B J_"TU Frkaren sable 1 1
| | [Pomar nd onlical rhmr- ) e e ~.[9 - " L Caneunieal mns
SLAFF Dusstctaty- 1 - e L G i
Eg - T S ——
;ﬁ I Swkh ‘ !I .
] P : .:...F.._EI —_— } I.f:; :lad-rvcl-lm:l.' .
v o | = = ;_;c Lha i'i-‘bghﬂ:.*l {1 ji1] IEJ"I'“ Te 3 1 I -.I \__,'!I_‘ £ half oobant I;}EEltllml.l'ulrh".lLlﬂll lnnar r-|...u|.|..
= . Walae 'll.l.lﬂﬂ [IH'JEEI ‘..I-':nn;: l:.:“_'-ruﬁr;?ﬂ NEFEL BErEEE I“-\_,- i
- H g Comprassed o B ]| - ., \'\\ | L7 'IPxLurn Fur Duct 47 300 .
B2 | Helum | Space reserved For an eleckron machre -j ‘J\_ Cararal marvces .
%EE'E R Lew D00 @] % 'I:E"” “I Tray 2 fl:.\. r”- U\J Safaty 1
2 2l b T3 R
5 b | Pomar wnd oplical Fhrsl | H_,- o ]
_'&'.E} Warm recovary ll%% Cables Tray 15 Ilh‘l.uxllr\':'l 1.'-—_ 0 | Foars @ L(H
¢ i ., lpbazs re 4 bl
7 . i :
o Corpressad ar ONSO( ) ' :I .
m r |+ L Halium - o _"f')(-'\ Genaral warvices 1
o gg Warm racavery Lno DNED Lo ¢/ Phanes
R e e
o Ed Iy _ — T aew eeserved
|Bal :E IKHL)- _‘\— A i— murvay
Komnal dmer Ee _ A

Dingngicrs e

HAL s AR i BOLR
o, dntle] h i rALT a8 AT

it

OUEMCH LINE
OW150 + 2450 wmolation

i f_\E'  Spoace roserved
W For trasspock

--|" 31 i, Hamm Losae

-|_—__|- OEE, AUGDETT, TOLERANTS
ZoH et B

TG ol i s i il b il sl bl i e

L . o e 5 T SR e L AT TN PRLEITEN

&

§ 2 " momon |
i - —,
e v Elacl ]
| mow,, @ - ® g |
wd b " — -—" Chossis .
! 1 |EI|.|.u-n ;;_,'l B:||J| e — -._’__z - ; . . |
;i Machive cryeslah 5 b Il. 1 1 o ||'( :I p “——\_1/?? | Sy
_i! |BelLona d 7T ! - A _d,__v_‘i_\h‘f;/ *  Halsrences sackak
; ;i Homnal dmensions ‘_Zf II I." "-II | "_ _\__"1':;., . l‘HLLLrl parpry e bl i Lruull
i i Dingnsicrs rominales "r l_l\ ..z-l_l et During nvakalstion
ig ;[ HH""-\-.__\_ T _'__.-'-"'f-l For delailed mplementaiion
r!i!i B S rafus Lo ML
iﬂ ;j ! I=atallabion Layas®e ab Paint 5 30 I=*egration IR
i TLNHEL R 3 3800 - RG42 nZo (e
i i SECTION WITH RETURM MODULE R ;‘31?:;
]} TR TraFr Wi Triale aioes, Irargars s ajaiug TURMEL {28 30800 - RG&Z LSS0 ra )
¥ [ T P 170 {17 rwroved | updates of & £ SECTIOM A%EL MOO, OE RETOUR e
%i! %_[mewa| 1 conso Tubew @01 moder | WOL fenges fo D0 updates F 7
A JHO. [IWTE [hewuie |20 HGDFCATIOH PRLELT LEAEF, DFF KE | DSF(12HAT DOM
— 7 & = F 1 3 z |
s




T SO e W L = T 8 = = =
=5 EL e 0] SN T S TN -k
o P — L RS Fis [ 1:250)
JHEE CTL
=2 B
= e ] = s 0T L e a3 e e e
= E —— = = = - S
= T T L R T B
- = " B W] #4 . ot £ -
- T | - "1 L] . e il el (il m
Bi 1 - S Vel | PR TR
e -': I = I : T WS e e -
i = - RRIY 000N ; I ﬁ ST BTl WL AL SO0 ]
= = - - al - BT, i TR A o
- - ™ LK T L
o {175)
L T

A

EALED)

AL

CEL1 C5L1 oL (18]
) |
3} 7 = //7 . = - i B
A e i } =) a
g e s %0 ,ff’/f%—————————————————————————-—-—-—'1%%.
V7 '
== A] EE ]‘LI
i = - :
ik fi 5 - N . - -
- —] WY F535mA — | = m:;:m-w_ — i;s:\'rr iz P




LHC

Cryostat system - -

Heat
exchanger

line

Thermal
shield
cooling

“Spider”
support

Standard cryostat
diameter no solution
to accommodate all

manifolds

-

Larger diameter
cryostat, but
compatible with
transport space,
feasible but issues

Elliptical cryostat.
\ery good

accommodation but
technological
challenges




Residual radiation dose e

FLUKA calculations for LS1 (1 week cooling)

Courtesy: C.Urscheler et al. Ambient dose eqUivalent rates in lJ.SV/h at 40cm
v measured on Dec 17, 2012
- e, ] (last “good” fill on Dec 3, i.e. cooling time >1week)
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-2000 -1500 -1000 -500 © 500 1000 1500 2000 72 52 20 33 10 6.5 20

2/ [em] (max) (max)

S. Roesler

4 months cooling ”—

DTN B 205 18 57 95 29 19 257
LS2 4.1
twek 16 s, .
LS3 8.5

LS4 I L0 660 480 180 300 90 60

4 months 0.47
LS5 28.4 6 months 0.35
s we U

“LSS1 and LSS5 will become Limited Stay Areas until LS3 with residual dose rates (few

radioactive objects.” S. Roesler remote handling workshop
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IP1 and IP5

CRAB CAVITY

4+4 BASELINE
SERVICE SPACE REQUIREMENT UNDER REVISION

BY CRAB CAVITY TEAM




Ancillary equipment needs @
L 4

8x 270 mm 8x 270 mm
diam. coax diam. coax

Circulator Tetrode - 100me | Clreulator Tetrode
Load Amplifier Load Amplifier

Rad hard, no EM shielding Rad hard, no EM shielding

8x 50 mm

8x 50 mm diam.

coax diam. coax

Shielded : i
Main power | 12 m? Main power
area ) .
SERIPIEEE drivers 48 m? drivers

Probably not rad hard, EM shielding, Probably not rad hard, EM shielding,
temperature control temperature control
LLRF central
racks

Slow control

Probably not rad hard, EM shielding,
temperature control
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From crab to RR

q & ak ? ?
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RR present occupanc @

RR ground
floor




RR future occupancy with full SC @i

link option
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RR radiation wise in HL-LHRC

perspective
i)
5:-[*-1 00 hours
0 -} Downtime =
g | :
o, 2
O |
_E 1K
c
:m
b

=——Run 2011

==Run 2012

m—ffter L51

(Target)

HL—LH':E‘ |:|_-| ﬁumpE I 'H:r'u

HL-Flat
HL-Round

22 186
22 201

e Hich
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¥ LHC

I\Ib coll
[101]

57.8 535
57.8 531

506 7.0 8.4
506 7.3 8.6

Figure of merit (performance efficiency n):
fraction of physics time to reach goal with a
sequence of successful fills with 3h
turnaround time using both optimal fill length
and 6h fill length (2012 run would figures
with 53.5%).

ul'].ﬂ mna amn.n a0.n .0
Annual Cumulated Luminosity M. Brugger
LHC Prediction Measured Nominal HL-LHC HL-LHC
Area (HEH/cm?) (HEH/cm?®) (HEH/cm®) (HEH/cm?) (Dose/Gy)
_UI14/16 _14E:08 _16Es08 _ SEWS _ 3£+09 _ _6_
I—RRE/E _2.0E+08  2.5E+08  8E+08  S5E+09 10
_ IS _16EW0S _1SEA08 _ SEWS _ 3E+09 _ _6_
|_RR2/5_7 _2.0E+08  2.5E+08 _ 8E+08  SE+09 10
uJ7e6 2.1E+07 6.0E+07 2E+08 1E+09 2
RR73/77 2.9E+07 5.0E+07 2E+08 1E+09 2
UX85B 4.3E+08 3.5E+08 4E+08 2E+09 4
1.3E+08 8.8E+07 1

us85

During last year of operation
we had a number of radiation
induced failures
at 108 -10° cm=2 y-!
According to R2E experience and
analysis
107cm2 y-1 acceptable



CP21P1

Available place LS3 : . : Available place LS3

2000 ¢
1500
1000

oo ] Equipment requires faraday cage and +/-
1° C control.
Necessary to find very compact solution.
Challenging but to be studied

1

25000 30000
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Available place i e Available place AN - k\@




PC21P 5

Hich
Control Room (68m
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US15 — 3 reserve racks on 39 level...by now @:{:mg .

LHC
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IP1 and IP5

ALIGNMENT

15T APPROACH TO IDENTIFY MAJOR PROBLEMS,

REQUIRING RESTUDY TAKING INTO ACCOUNT
ACCESSIBILITY




‘Horizontal alignment i

TAN

Horizontal slignment for absofute position. @100mm

e Horizontal alignment
Two systems

1) Reference for absolute position
from Q1 till Q5

2) Reference for relative position
from Q1 till Q4

CRYOSTAT Q4

e
-
L/

Horizontal alignment for
Horizontal alignments refative position,
Decrease 200mm

..l / Handling connections o
&
A

Do Tan equipments

Horizontal alignment for

absolute position, Decrease K

200mm Sew—

Displaced radially on the
transport side up SO0mm




Vertical alignment from 01t0 05 @i

Maximum segment lengths

VERTICAL DISTANCE
VERTICAL DISTANCE BETWEEN PIPES

BETWEEN PIPES

——————— e S M et
——— e e e

-
—
p——




Alignment Service Cavern UPS @/

————————————————————————

3101

Electronics

—  UP514 1LM0O45

Measured value in e e e A HEH tested life

2102 run RN Rl duration 500
Gy.

buat 7 o Very probable
Scaling factor [Fuius— | e e o isse with TID,
approx. with . 'll ; i S better location
luminosity \ -~ 109 in UPS to be

; @w:;; w“:} -:.ﬁj:* .lm"iﬂp?: A 1::';1 qm";t . w‘:;”dm:;ﬂ "-“:.;.1: o EH identified
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IP 7

HORIZONTAL SC LINKS

SEE PRESENTATION J. P. CORSO-S. WEISZ WP 6
WEDNESDAY AFTERNOON
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Overview of the Point 7

DFBA actual position ‘ DFBA actual position




A

Overview of the Point 7 e




Routing Optlons — _UJ7A6 B (L

Option 1
2 ducts 3m
Quite complex

a8 e ARD S )
o = --n‘—--‘\ “
e —— T U W LAY e

Option 2
2 ducts 20m:;
2 ducts 3m,
less bends in the
cryostat
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COLLIMATION

15T VIEW OF THE COLLIMATION SYSTEM
REINFORCED BY THE NEW MASKS, NO
OPTIMIZATION PERFORMED YET




15t view of the collimation system
reinforced with masks (under analysis




NEXT STEPS AND
CONCLUSIONS




HL-LHC Layout and integration | @

LHC
An HL-LHC dedicated integration team is taking shape and available resources will
Increase from March 2014

15t integration studies have been carried out for the magnet system, crab cavities,
alignment and SC link

Next steps |
-  Magnet system
Upgrade the 3D model to the baseline cryostat diameter / shape
Following steps depends on the cryogenic routing, bus bar routing
We need to have 15t estimation of the cryogenic underground installation
«  Crab cavity:

Complete with the crab cavity team the revision of the space requirements, presently
due the space constraints, and the R2E issue the installation of the RR electronics in
the RR look to be challenge

« Alignment

Needs identified, but problems in term of access. Need to look at options in order to
improve accessibility-maintenability and limit radiation dose to personnel




HL-LHC Layout and integration I1@::: -

Next Steps ||
«  SClink:

- Progress with the detail design in correlation with the cryostat installation procedures
«  Collimation

- Analyse in details requirement vs. practical feasibility and space available taking into
account space for insulation vacuum and beam vacuum sectorization

«  Point 4: complete the revision of the available space for e-lenses, 800 MHz, 200 MHz,

- Mandatory to start working with approved system/equipment functional specification

- Release 1%t series of 2D lay out drawings to have a reference baseline setting up all the
requirement links with the database

- We need to start working extremely urgently on the cryogenics system at point 1,4 and
5 that could have major impact on the underground space

- “Given the importance of radiation levels in several locations, a follow-up during
2015/2016 operation should be envisaged for the radiation monitoring (putting more
monitors in critical areas, performing a respective analysis, scaling evaluation, etc.)”
(M. Brugger)




BACK UP SLIDES




D2 to Q4. Point 5L Hilly_i 0sity

CERN
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Q1 to Q4 (General view). Point5L Luminosit




Q1 to Q4 (Magnetics Length). Point 5L Lurninosi
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Q1 to D1 (Magnetics Length) Point5L LHC




M High
Luminosity
Q1 to D1 (Cold Mass. Point5L) @IH['
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B High
Q1 to Q2 (General view). Point 5L @{wy- 10sity
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Q1 to Q2 (General view). Point 1L e{;ﬂm sity
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Crab Cavities Integration
Point 1 & 5-LS3

v' UL14-US15-UL16
v USC55




e “Eli.r_li 1051
Global View Point 1 e

R e UL14 Us15 UL16 o
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Available place L Available place L
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Zoom on UL16

Radiation exception area i

Radiation exception ar¢

Available place L
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Asymmetry Issue
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UL14 - 2014/03 — Relocalisation Racks & Convertis
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UL16 — 2014/03 — Relocalisation Racks & Converti

Zone transport

(@ {# HL — LHC
SA JJJ



- Hich
Luminos
LHC

Global View Point 5 around IP
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USC55 - 3524-U2-001 - control room

Lift and PM54

Control Room (68m2q

USC55
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USC55 - 3524-U2-001 - control room

Lift and PM54
Control Room (68m?

)N {# HL — LHC
A JJJ



Hich
ll|m|| A
LHC

USC55 - 3524-U2-001 - control room

Available heigh
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Control Room (68m —
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@ High
Luminosit
Very last option — “mezzanine”

Control Room (100m




