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Introductions — Fermilab accelerator complex
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Introductions — Main Injector
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1999 — construction complete

2011 — central machine (Tevatron retired)
2 miles in circumference

208 quadrupole magnets

344 dipole magnets

photos by R. Hahn
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Examples of engineering in the Ml enclosure
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Accelerator engineering at Fermilab
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How is an engineer different from a scientist?

“Scientists investigate that which already is;
Engineers create that which has never been.”
- Albert Einstein

35 Fermilab
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Engineering process

l

[Ideas, concepts, risks, and requirements}

!

[ Design development and calculations}

!

[Fabrication, testing, and installation}

!

[Operation, maintenance, upgrades, and new projects ]—

Further reference: Fermilab Engineering Manual available online

35 Fermilab
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Typical communication cycle of a Fermilab engineer

Drafters / Designers

Vendors

R

Engineers p—

Technicians Machinists
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Example of physicists’ specifications
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typ_code

MARKER
PGD
PGD
PGD
PGD
PGD
PGD
PGD
PGD
PGD
8DH
8DH
PGD
PGD
8DH
8DH
PGD
BLHC
MRQ
8GBPM
PGD

X3084-2

MARKER
X3084-2
MARKER
X3084-2

distance

82.36871
101.57700
131.61554
150.82384
180.86238
198.86235
212.98767
222.15499
231.32199
248.11363
262.23896
271.40627
280.57328
294.08367
295.00025
296.48975
297.36475
311.49008
320.65739
332.30344
340.93892
342.94925
343.64196
345.16799
347.58491
349.57441
360.74141
369.90872
381.07572
389.66433
390.70591
391.94541
393.29958
393.99229
423.11559
432.28290
447.33138
448.49284
449.18555
450.71159
455.96199
465.12930
487.00393
489.51426
490.20697
491.73301
498.69767
507.86498
529.36140
531.45523
533.96556
534.65826
536.18430
587.48583
588.31916
589.01187
590.71924
592.49624
626.14073
636.77785
636.77785
640.27784
640.27784
693.49899
693.49899

x
[§30]
100150.54159
100149.12879
100134.96511
100125.62382
100110.45321
100100.47420
100084.31905
100073.71704
100056.60118
100046.10336
100037.66797
100032.05031
100026.29474
100015.48997
100006.20981
100000.05266
99993.76642
99984.32226
99983.67549
99982.62446
99982.00703
99971.93685
99965.27655
99956.64916
99950.15494
99948.63124
99948.10621
99946.94957
99945.11770
99943.60978
99935.05734
99927.93318
99919.11127
99912.23708
99911.39780
99910.39905
99909.30790
99908.74974
99885.28299
99877.83838
99865.42325
99864.46165
99863.88814
99862.62469
99858.27776
99850.63319
99832.10620
99829.97530
99829.38730
99828.09191
99822.17994
99814.34668
99795.71521
99793.89666
99791.71636
99791.11473
99789.78931
99745.23241
99744.50864
99743.90700
99742.42410
99740.88072
99711.65948
99702.30404
99702.30404
99699.20535
99699.20535
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97749.88135
97723.39203
97706.60837
97680.68258
97664.27007
97638.94608
97622.92895
97598.24411
97583.62261
97572.29266
97565.04829
97557.91341
97545.05995
97534.41091
97527.61911
97520.94706
97511.28590
97510.63643
97509.58100
97508.96099
97499.05569
97492.75654
97484.93375
97479.24199
97477.93060
97477.47873
97476.48325
97474.90663
97473.60882
97466.42862
97460.65929
97453.81287
97448.66414
97448.04729
97447.31322
97446.51125
97446.10101
97428.85344
97423.50399
97415.00012
97414.34872
97413.96022
97413.10436
97410.15972
97405.10014
97393.47087
97392.14384
97391.77765
97390.97095
97387.28922
97382.52698
97371.80532
97370.76754
97369.52333
97369.18000
97368.42364
97342.99669
97342.58367
97342.24033
97341.39410
97340.51335
97323.83789
97318.77660
97318.77660
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97317.14931
97292.40460
97292.40460
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What specifications develop into...

Two few,transfer linesjfor the NOVA experiment
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Communicating ideas to build something real
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Sample of installation drawings for NOVA

« 29 before & after vacuum system drawings like this were created for three regions of the accelerator

* Magnet installation drawings were separate
*  Hundreds of supporting (part) drawings
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Efficient installation in radiation areas - NOVA
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Example upgrade — wide aperture quadrupole magnet

3% Fermilab
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Example installation — ion proflle monitor (IPM)
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Inside an ion profile monitor (IPM)
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More small details — R&D titanium nitride coating

2% Fermilab
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Introduction to vacuum system design

Factors that affect vacuum system design to reach specified pressure:

Volume of system
Materials (outgassing rates)
Pump size and spacing

Conductance to all volumes (to pumps, and avoiding virtual leaks)

Cleanliness of everything within the system

Some starting equations:

PV=nRT —
Q=SP P=pressure
Q=CAP V=volume

Pp:qD*B*Lp/S

17

n=number of moles
R=universal gas constant
T=temperature

Q=gas flow

6/23/16 Linda Valerio | Mechanical Engineering of Accelerators

S=pump speed
C=conductance

P, =pressure at the pump
qp=specific outgassing rate
B=inside tube perimeter
L,=pump spacing

2% Fermilab



Vacuum system basics

Pumpdown and QOutgassing for
Typical Accelerator Vacuum Systems
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Graph from “Accelerator Vacuum 101” by T. Anderson, 2006.
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Vacuum system analysis
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Beamline design
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What’s next? Designing a beamline for LBNF and DUNE

North Dakota
Sanford Underground

Research Facility "
Lead, South Dakota Minnesota

Sanford Underground : :
Fermilab Research Facility South Wisconsin

Batavia, lllinois

S

lowa B
abiada Fermilab

lllinois

Kirk Road

Protons From Main Injector
Existing Main Accelerator
Injector
Production of
Neutrinos
(680-Foot Tunnel)

|
Absorber Hall
(94 Feet Deep)

Neutrinos to
South Dakota

Near Detector
(183 Feet Deep)

3£ Fermilab
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Early 3-

D model of LBNF and Main Injector

I [Cucky13_DUSAF_02252013.txt JohnJ_BEAMSHEET coordinates [Earth Curvature Corrected coordinates
== COMMON NAWE —[Type_cods Distance | LTCsz x cszy Lrcszz LTCSH X LTCSH_Y 1 LTCSH W
1) I 1] Gl @ Gl
|
lCucKvTs 97257563005 72762995
v 97297 27864 97297 27857
jAmio WILAWBERTSON  JWILAM 97297 27864 67257 27857
. 9729300754 9729300747
aq 57292 40431 9729240123
latoz SqeE TG0z 5o 57280 14978 7269.14968
jmaa 57280 14578 7269.14958
v 97288.60736 7258.60728
lAMTTA WILAWBERTSON  JWILAM 97288.60736 57288 60728
. 9728433639 97264.33631
v 97283.40120 9728340112
iAwiTe W LAWBERTSON  JWILAM 9728340120 57283 40112,
. 9727913056 9727913049
imgm 5727801583 9727801573
100 Wi C-MAGNET Jovic 1 rev 4218847 99624.68618, 97278.01583 72780173 716,072
imgm 53 18843} 59614 9495 5727290280 727290269 716.32714
imbor 59 81496} 5960926233 5726051502 6726991579 716,500
lpm201A pm EE 59 61496} 5960926233 5726051502 672699179 716,500
imbom 6014829} 99608.79032) 57260 68804 97269 66791 716.51448)
Imee 6074621 99606 26115, 97269.39015 9726939002 71653057
lHT201 T () fos 6072621 99808 26115, 6726939015 6726939002 71653087
Imec 6174621 99607.37614) 97268.92538 67268 92525 71655748
aq &2 50662} 9960670315 5726857196 9726857183 7i6.57794
lHa201A 3060 joau 62 50662} 99606.70315 67268 57196 9726857183 7i6.57794
jma: 65 00662} 99601.49060 67267 41003 97267.40989 71664524
lHab201A joau 65 00662} 99604 49060 5726741003 97267.40989 74664524
aa 7 50661 9960227808 67266 24810 9726624796 7i6.71253)
imat03 71 25660} 9598 95923 9726450520 97264 50505 7i6.81347]
imbom 73 90660} 959661393 6726327355 9726327340 71688481
lpm2018 Bom cone sew 73 90660} 9596.61393 6726327355 9726327340 71688481
fmbom 74 43093} 9596.14192 6726302567 9726302552 716.89917]
aq 75 00660} 99595 64041 6726276230 726276214 7i6.91442)
iHapzo1s 3060 joau 75 00660} 99595 64041 6726276230 726276214 7i6.91442)
Imad201 77 50659} 9593 42788, 6726160037 9726160021 7i6.98171

Target Hall
(not shown)

Main Injector

22 6/23/16

Magnet installation access tunnel (ground level)

Shield wall (not shown)

Start of Primary Beam enclosure
LBNF exits MI enclosure

Recycler
LBNF Lambertson magnets ,

- —

-

3

LBNF kicker magnets are further upstream and not shown in this view.
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The end. Same photo, different perspective?
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