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N Phase Il Design Guidelines

To overcome this limit, new secon

improved jaw material /design sha
existing system (Phase Il)

To achieve the new goal, we need a magic material having:
1. High electrical conductivity to improve RF stability
2. High thermo-mechanical stability and robustness, i.e.:

a. Low Coefficient of Thermal Expansion
b. High Yield Strength

C. Low Young’s Modulus

d. High Thermal Conductivity

e. High Specific Heat

3. High density (high Z) to improve collimation efficiency (i.e.
Intercepted and stop a higher number of particles), possibly
depending on final jaw length ...

4.  Strong resistance to particle radiation ...

A. Bertarelli — A. Dallo



Phase |1 Collimator Materials
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Phase Il Collimator Materials

for a 7 TeV proton impacting on a 92 cm long jaw

A

My strong
Assumption:

Max Integrated
Energy on a cross-
section
independent of
material (assuming
infinite jaw length)

dE/dz [nJ cm®/g]
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N, Phase Il Collimator Materials
-- How Geometrical Stability Parameter is obtained:




"\ Phase Il Collimator Materials

How Thermal Shock Paramete

EaAT
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Phase 1l Collimator Materials

Geometrical stability parameter (2) vs. Transient Shock Parameter

———————————————————— Diamond-based Ag (80%C)
® ®oiamond-based cu (80% C)
********************** Diamond—basedAl(BO%C).Qamwca‘rbon(AClSOK)
Aluminum Nitride @ SiCKyocera
Diamond-based Ag (Plansee) @ @ Graphite (R4550)
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Phase 1l Collimator Materials

Geometrical stability parameter vs. Electrical Conductivity

Diamond-based Al (80% C) Diamond-based Ag (80% C)
Qo lamond-based Cu (80% C)

@ Carbon/Carbon (AC150 K)

@ Graphite (R4550)
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Molybdenum @ CuCrZ”
************************************************************************************* @®  GlidcopAL-15
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Phase 1l Collimator Materials

Mass density [kg/m3]
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Liquid metals compatible with UHV

ABLE 2 Vapor-pressure Data for the Solid and Liquid Elements*

-J, Temperatures (°K) for vapor pressures, torr ": b
Data temp

Semhol [lement range, °IX 104t 10~ 107 . 1073 1077 10-s 107 1074 1073 1072 107t 1 10t 102 109
Ace Actinium 1873, est. 1045 1100 1160 1230 1305 © 1390 1400 1605 1740 1905 2100 2350 2660 3030 3510
Az Silver 155-2200 21 759 800 847 §09 058 1023 1105 1195 © 1300 1435 1605 1813 2100 2490
Al Aluminum 1220~1463 515 L] w06 O 958 1015 1085 1160 1245 1355 1490 1640 1830 2050 2370 2800
Am Americium 1103-14353 12 752 07 548 905 971 1050 © 1140 1245 1375 1540 1745 2020 2400 2970
As; Arsenic's) 323 340 338 3T 400 423 447 477 510 330 590 645 712 793 900
A Astatine Fet. 221 231 241 252 265 280 296 316 338 364 398 434 480 M40 @ 620
Au Gold 1073-1847 913 064 1020 1080 1150 1220 1305 1403 1325 1670 1810 2040 2320 2680 3130
1B Boron 1781-2413 1335 1405 1480 1355 1640 1740 1855 1980 2140 2300 © 2520 2780 3100 3500 4000
Pa Barium 1333-1419 450 450 510 345 583 627 675 735 800 833 @ 98¢ 1125 1310 1570 1930
l3e Bervllium 1103-1552 832 8§78 925 980 1035 1105 1180 1270 1370 1500 © 1650 1830 2080 2390 2810
| ~Bi Bismuth 510 340 O 568 602 640 682 732 790 860 945 1050 1170 1350 1570 1900
=C Tarbon's) 1820-2700 1693 1765 1845 1930 2030 2140 2260 2410 2560 2730 2930 3170 3450 3780 4190
Ca Caleium 730~1546 470 495 524 535 390 630 678 732 795 870 962 1075 © 1230 1475 1800
d Cadmium 411-1040 293 310 328 347 368 392 419 450 490 338 593 © 665 762 885 1060
| Ce Cerium 1611-2038 1050 1110 1175 1245 1325 1420 1525 1630 1795 1970 2180 2440 2780 3220 3830
To Cobalt 1363-1522 1020 1070 1130 1195 1265 1340 1430 1530 1655 © 1790 1960 2180 2440 2790 3220
Cr Chromium 1273-1557 960 1010 1055 1110 1175 1250 1335 1430 1540 1670 1825 2010 © 2240 2550 3000
xCs Cesium 300933 213 226 211 257 274 20T © 322 351 387 428 482 553 643 775 980
Cu Copper 1143-1897 853 895 045 995 1060 1125 1210 1300 1405 1530 1690 1890 2140 2460 2020
Dy Dysprosium 1258-1773 760 801 847 898 935 1020 1090 1170 1270 1390 1535 © 1710 1965 2300 2780
Er Erbium 1773, est. 779 §22 869 922 981 1050 1125 1220 1325 1450 1605 © 1800 2060 2420 2020
Eu Europium 696-900 469 495 523 556 592 634 682 739 805 884 981 © 1100 1260 1500 1800
tr Francium Est. 198 210 225 242 260 280 @ 306 334 368 410 462 528 620 760 080
Fe [ron 1356-1839 1020 1050 1105 1165 1230 1305 1400 1500 1615 1750 © 1920 2130 2390 2740 3200
Gu Gallium/{) 1179-10 503 © T35 706 841 §92 930 1015 1090 1180 1280 1405 1535 1745 1980 2300 2730
T —Gadotinium Est. 880 930 980 1035 1100 1170 1250 1350 1465 © 1600 1760 1955 2220 2580 3100
*Ge Germanium 1510-1885 940 980 1030 1085 1130 © 1220 1310 1410 1520 1670 1830 2050 2320 2680 3180
Hi Halnium 2033-2277 1505 1580 1665 1760 1865 1980 2120 2270 2450 2670 2930 3240 3630 4130 4780
Hs Mercury 103-573 170 180 190 201 214 229 216 266 289 319 353 398 458 535 642
L] Ho Hol:mium 923-2023 779 §22 869 922 981 1050 1125 1220 1325 1450 1605 © 1800 2060 2410 2910
Ia In liumtl) 646-1: 430 © 641 677 716 761 812 870 937 1015 1110 1220 1355 1520 1740 2030 2430
T vt 1986-26w0 1385 1665 1755 1850 1960 2080 2220 2380 2560 © 2770 3040 3360 3750 4250 4900
K Potassium 373-1031 247 260 276 234 35 © 338 364 396 434 481 540 618 720 858 1070
La Lanthanum 1655-2167 1100 1155 @ 1220 1225 1375 1465 1570 1695 1835 2000 2200 2450 2760 3150 3680
L1 Tthiam 735-1333 430 452 @ 480 508 341 379 623 677 740 810 900 1020 1170 1370 1620
Lu Lutetium Fst. 1000 1060 1120 1185 1260 1345 1440 1550 1685 1845 © 2030 2270 2550 20910 3370
Mg Magnesiumn 626-1376 388 110 432 458 487 519 555 600 630 2 | 782 878 © 1000 1170 1400

C indicates melting point,




TABLE 2 Vapor-pressure Data for the Solid and Liquid Elements*

i’ Temperatures (°K) for vapor pressures, torr 'f: b
Data temp
Svahol Element range, °K 10-1 107 0. ] 1073 1077 10-¢ 10— 104 103 1072 107t 1 100 10? 100
Mn Mancanese 1523-1823 660 695 734 778 827 884 948 1020 1110 1210 l 1335 1490 O 1695 1970 2370
Mo Molybdenum 2070-2504 1610 1690 1770 1865 1973 2095 2230 2390 2580 2800 © 3060 3390 3790 4300 5020
Na Sodium 496-1156 294 310 328 347 370 © 3% 428 366 508 562 630 714 825 978 1175
Nb Niobium 2304- 2596 1765 1845 1935 2035 2140 2260 2400 2550 2720 © 2930 3170 3450 3790 4200 4710
Nd Neodymium 1240~1600 816 895 0945 1000 1070 1135 1220 © 1320 1440 | 1575 1770 2000 2300 2740 3130
Ni Nickel 1307-1895 1040 1090 1145 1200 1270 1345 1430 1535 1655 © 1800 1970 2180 2430 2770 3230
O3 Osmium 2300-2300 1875 1965 2060 2170 2200 2430 2580 2760 2960 3190 3460 3800 4200 4710 5340
P, Phosphorusts) 283 297 312 327 342 361 as1 402 430 458 493 | 534 582 642 715
b Lead 1200-2028 516 546 580 © 615 656 702 758 820 898 988 1105 1250 1435 1700 2070
d Palladium 1204-1640 M5 995 1050 1115 1185 1265 1355 1465 1590 1735 © 1920 2150 2450 2840 3380
=Po Puolonium . T11-1286 332 348 365 384 408 432 460 404 537 588 655 743 862 1040 1250
Pr Praseodymium 1423-1693 900 050 1005 1070 1140 © 1220 1315 1420 C]) 1550 1700 1890 2120 2420 2820 3370
Pt Ilatinum 1697-2042 1335 1405 1480 1565 1635 1765 +1885 2020 © 2180 2370 2590 2860 3190 3610 4170
Pu Plutoniumi! 1392-1912 © 931 083 1040 1105 1180 1265 1365 1480 1615 1780 1975 2230 2350 2980 3590
I Radiim Est, 436 | 460 488 520 552 590 638 690 755 830 920 © 1060 1225 1490 1840
Rb Rubidium’ 297 240 254 27l 289 312 0 336 367 402 446 500 568 665 | 802 1000
Re Rhenium 2494-2909 1900 1995 2100 2220 2350 2190 2660 2860 3080 3340 O 3680 4080 4600 5220 6050
Rh Rhodium 1709--2205 1330 1395 1470 1550 1640 1745 1855 1980 2130 © 2310 | 2520 | 2780 3110 3520 4070
Ru Ruthenium 2000-2500 1540 1610 1695 1780 1880 1990 2120 2260 2420 2620 © 2860 3130 3480 3900 4450
xS Sulfur 230 240 252 2 276 290 310 328 353 382 @ 420 462 519 606 739
xb Antimony 693-1110 ° 477 408 526 552 582 618 656 698 748 806 | 885 @ 1030 1250 1560 1960
Se Seandium 1301-1750 881 029 983 1045 1110 1190 1280 1380 1505 1650 © 1835 2070 2370 2780 3360
Xre Selenium 550-950 286 301 317 336 356 380 406 437 472 © 516 a70 636 719 826 972
i Silicon 1640-2054 1090 1145 1200 1265 1340 1420 1510 1610 © 1745 1905 2090 2330 2620 2990 3490
=i Samarium 780-533 542 573 608 644 688 738 790 853 926 1015 1120 1260 © 1450 1715 2120
~n Tin b | 1424-1505© 805 $52 000 | 055 [ 1020 | 1080 [ 1170 [ 1270 [ 1380 | 1520 | 1685 | 1885 G! 2140 [ 2500 | 2960
=T =trontium 433 438 483 514 546 582 626 677 738 810 900 1005 1160 1370 1680
Ta Tantalum 2(24-2048 1930 2020 2120 2230 2370 2510 2680 2860 3080 © 3330 3630 3980 4100 4930 5580
Th Terbium Fst. 900 950 1005 1070 1140 122¢ | 1315 1420 1550 @ 1700 1890 2120 2420 2820 3370
Te Technetium Fst. 1580 1665 1750 1840 1950 | 2060 2200 2350 2530 @ 2760 3030 3370 3790 4300 5000
Tex Tellurium $51-11238 366 385 405 128 454 482 515 553 596 647 06 © V91 905 1065 1300
Th Thoriim 1TaT-1956 1450 1525 1610 1705 1815 1935 © 2080 2250 2440 2650 2960 3310 3750 4340 5130
Ti Titanium 1310-1822 1140 1200 1265 1335 1410 1500 1600 1715 1850 © 2010 2210 2450 2760 3130 3640
T Thallium S10-424 473 409 327 556 @ 392 632 680 736 803 882 979 1100 1255 1460 1750
Tm Thulium SMU-1219 624 653 691 731 76 825 582 953 1030 1120 1235 1370 1540 1760 © 2060
U Uranium 1630-2071 1% 1255 1325 © 105 1495 1600 1720 1855 2010 2200 2430 2720 3080 3540 4180
v Vanadium 1666-1552 1235 1295 1365 1435 1510 1605 1705 1820 1960 2120 © 2320 2560 2830 3220 3720
W Tunzsien 2515-3300 2050 2150 2270 2390 2520 2680 2840 3030 3250 3500 © 3810 4180 4630 5200 5900
Y Yttrium 1774-2103 1045 1100 1160 1230 1305 1390 1490 1605 1740 1905 2105 2355 2670 3085 3650
Yh Ytterbium Yst. 436 460 458 520 552 590 638 600 733 530 920 1060 1225 H90 1840
Zn Zine 422-1089 336 354 37 306 421 450 482 520 565 617 681 760 870 1010 1210
“r Zirconium 1049-2054 1500 1580 1665 1755 1833 1975 2110 2260 2430 2670 l 2930 3230 3650 4170 4830

C indicates melting point.




Candidate liquid metals

Tm (K) [ Tm (°C) DT mto ... (K) z| A p, Density | A%/ p | 1/2Z
10e-10 torr 10e-9 torr 10 torr kg/m3 @ Tm

Bi 544 271 -4 24 806|83] 208.98 10050( 5.90E-04| 0.012

Ga 303 30 493 538 1677|31] 69.72 6095| 6.75E-04| 0.032

In 430 157 247 286  1310]49]| 114.82 7020( 6.92E-04| 0.020

Li 454 181 -2 26 716| 3| 6.94 512| 3.73E-03| 0.333

Sn 505 232 347 395 1635|51]| 118.69 6990( 7.03E-04] 0.020

Interaction | radiation

length length

param. param.
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Phase Il Collimation

Preliminary R&D activity on materials — organization of a
working group

...probably this “magic” material does not exist...we should
focus our attention on a mixed approach:

NEW MATERIAL

|

NEW DESIGN

AL: identification of new suitable material



360° Jaw Concept

Possible Advantages

K\ 1. Increase of collimation efficiency (Particles
\1 are intercepted on 180° to 360°)...
\L 2. Robustness (a new collimation slit can be
‘g used after accidental beam losses)...
! 3. Geometric stability is improved by pressing

the jaws one against the other

Possible Disadvantages

1. Loss of 1 dof (one can play with geometry of
i collimation pipes)...
] 2. Minimum aperture is fixed

Impedance??...
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