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Neutron and gamma fluxes (update) 

Yuri Fisyak 

The reasons to update of the calculated neutron and gamma fluxes are 
the following: 

•rather pure statistics (40 DTU events) which had been used for TDR, 
at least it is needed to check the result stability; 

• new version of GCALOR 1.01/03 930610 11.10 with set of bugs has 
been fixed 

The results presented are based on statistics 238 DTU events. There 
is a fz-file with hits which will be used to simulate neutron background. 

This report contains the following information: 

• comparison TDR and "NEW" calculation for neutron and gamma 
fluxes, their ratio; 

• new neutron fluxes in muon chambers; 

• neutron and gamma kinetic energy spectra in "volume" and on the 
"surface" · 

' 
• minimum bias event hit distributions. 

25 
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----····--··-·-i-------···-----···f-·-------····-----:·-·--··----·-···---:····----·---------;--·····----···--·-i--··--··----··-···t···-----

7523 7259 : 8941 8687 : 8753 9186: 8822 9246 : 8664 8712 : 5636 3971 : 3136 4076: 3682 . . . . ' . ' 

8376 10228' 8477 10202!10749 8799: 8433 9461 : 8243 8647: 5800 4011: 3295 2948: 2741 
-- ... -.. ------ -: -. -. -- --.. ---- ----~ --- .... ·- -- ... -. -~- ------ .. -. -- -- -.. ~-- -- ---. ·-. -.... --;- .. -- . -----. ----.. ; .. --.. ·- .. --------~ .. -.. ·- -

9034 9417: 8936 10561 :12349 10094: 7955 8901 : 9830 7738: 5702 2497: 3509 2847: 2573 
. . 

-· _ ..... ~'.. ~ ~ .: ~.o'..3_4_ .~~~ ~ 1.'..~~2_4 ___ 9.2~~l .'.~o_s. __ 6.2~. ;. ~~~ ~. _. 7_66_5. ). 5.~.8'. ... _":43_9 _ j ·2-~~~ ... 2.~.3~ _j _2_69.6. 

2294 11176:12486 14238: 8195 7702: 8714 8882: 7455 5731: 6255 4259: 2974 4830: 2486 

2688 11200: 13922 14700! 9721 8748: 7959 9683: 8246 6859 : 4756 6238: 4312 4495 : 2963 

;~;;;· ·; ;;~;:; ·~~~~· ·; ;·;~;f ;-; ~~;;· ;· ~~~~T ~~~·; · · ;·~;;;~ :-;;;~~ .. ·~-,-~·;· r ~~·;; · · ~; ~ ·: ·~·; ;·;· · · ~ ;-;·1· ·r ·; ~;~ -
7822 14796:13196 12570)12127 10849:12812 9655: 6476 8778: 6555 4649: 2393 1878: 649 

6;;~~· ·; ~~~ ;· r ;-~;~~· ·;;~;;;r; ;;;~~ -;· ;·~;; T ;·;~~~ --~~~~· r ~;~~ -· ·~~;~ · r ;~~~· .. ;;~~ --:- -~-,-~· · .. ·; ;; ~ -~ -; ~~·; · 
600 620 640 660 680 700 720 740 

Z (cm) 

27 



200 

190 
0::: 

180 

170 

160 

150 

..-- 200 

E 
(.) 

190 

180 

170 

160 

150 

Neutron flux (Hz/ cm 2
) New 

2716 3055 2964 3200: 3615 3068: 3295 3637: 3104 2728: 2333 2419 2117 1791 : 1822 

3774 3428 3689 3584: 3033 3610: 3897 3087 : 2703 2866 : 2007 2261 2316 2015 : 2000 
' . . ' . . . . . . --. -.... - ..... - ...... -.... ' -...... --....... -~- .. --..... ---..... ~- ..... -....... --.. ~ ....... --...... -.. ......... ;. ....... . 

4107 3299 3940 3638: 3353 3643: 3519 3760: 2942 2191 : 2405 2291 2241 2124: 2184 

4417 3656 3321 3612: 4041 3565: 2971 3427: 2733 2744: 2570 1962 2479 2191 : 2420 
··············· ······-··········-:-·-·········----···:·······--··········:··········--······;---····· ......... ···---·········· 

4969 3579 3151 3105: 3359 3233: 3555 3689: 3544 3147: 2726 1986 2033 2001 : 2309 

4227 3817 3422 3303 : 4115 3594 ! 4435 3543 : 2983 2986 ! 2463 2580 2398 1988 : 1820 
. --. ---. . . . . . . . --.. --.... ---.... -~. -. -. --.... ----.. -:· ... -----..... -. -. ~- -...... --........ ~. . .. -. --........ - --.......... ----. -· ....... . 

3943 3511 3888 3615: 3421 3078: 3086 3295: 3060 3401 : 2656 2084 1900 2000: 1743 

4187 3730 3816 4704: 4094 3198: 2967 3350: 3297 3496: 2762 2244 2114 2044: 2184 
' . ' . . ············ ............... ············ ...... ······- .................•................................................................ . ' ' ' 

3769 4123 3642 4018: 4284 3677: 3390 3507: 4392 3148: 3352 2380 1836 2043: 1951 

4174 3899 3555 3442 : 3362 3621 : 3870 3978: 3356 3801 : 3085 2627 2344 1843: 2264 
··············· .................. ;. .................. ; ................... : .................. ; .................................... ;. ....... . 

3535 4666 4035 3154 : 3034 3942 : 4055 3996 : 3938 3756 : 2843 2521 2502 1683 : 4443 

600 620 640 660 680 700 720 740 

TDR Z (cm) 
3683 4520: 5681 4667: 3889 4569; 5229 5421 ; 5722 3177 : 3625 3058: 2758 3145 : 2675 

4678 4162 : 4646 5756 : 4655 4623; 5787 4463: 4858 2938; 3427 2986: 2945 3364: 2691 
............... ; .... ·-·· ........ ··}····· ··-··· ······-:----··· .......... --:···· .............. ; ................. ·i··· . ...... ········}· ...... . 

5299 5162: 6198 5831 ! 4171 4959: 4741 4789 ! 3945 3357: 3904 3591 ! 3211 3363: 3893 
: : : . . . . . 

4521 5053 : 5850 5578 : 5634 3807: 4115 4933: 5240 4281 : 3288 3370 : 3775 3962 : 4051 . . . .............. -~ ................. -~. -............. -. -:- .......... ·- ..... ~-- ................ ~- ................. : ................ ··~· ...... . 
6231 5953: 6955 5206; 5314 3705; 3938 5458: 4669 6186: 4919 3200: 3470 3313: 3492 

5263 5963 ; 5657 5229 [ 5840 5285: 7043 5273: 5029 5180: 5661 3698 [ 3660 3953 : 3202 
............... : ............ -- ... -~ ............... -. -:- .......... ·-. -... ~-· .... -- .......... ~- .... -- ........... : .. -- ............. -~- -· .... . 

6062 6062: 7007 6063: 6117 6242: 6238 5087: 6711 5209: 5695 2463 ! 2555 3282: 4350 

67~5-· __ 1~6~ _ [ _6~7. 4 ___ ~9-~~ -~ -~7.1 _1 ___ 5.3~7. ~ _5 7.9~ ___ ~-6~3- j_ ~775. __ -3~~2 '._ ~9~3-- _ ~9_6!! _ [ _2~~~- __ ~7-8~ _[ _~_1_ 6-~ _ 

8333 6708 : 7343 8527: 5979 6161 : 5378 5415: 7147 7835 : 4923 2066: 3426 3600 : 2735 

7465 6997 : 8262 7901 [ 8311 7570: 4896 5752 : 6948 6498: 6134 2901 : 3433 4084: 3702 
······ ......... , .................. , .................. , ...................................... , .................. , .................. , ....... . 

9250 9844 : 6812 6662: 6561 7215: 4915 6357: 5642 5601 : 6758 4132: 5260 3602: 4474 

600 620 640 660 680 700 720 740 

Z (cm) 

28 



250 

240 

230 

220 

210 

200 

250 

240 

230 

220 

210 

200 

Neutron flux (Hz/cm2
) New 

3319 2958 2689 2889: 2794 3356: 3640 2644: 2825 3074: 2648 2100 2020 2092: 2395 

895 3068 2419 3151 : 2616 3298: 3375 3197: 2816 2752: 2652 2248 2064 2078: 2355 
-- .. -- -- --- ...... ·- .. -- -- .... ·- .. ;. .... --- ...... -· -- -:- ................ -~-- .... -- -- .... -- ··•··. ·- ..... -- -- ... -- .... -- .......... ;. ... -. -· -

2794 3191 2788 3326 :, 3123 3375: 3079 3561 : 2902 2676: 2504 2172 2303 2066: 1806 

2830 3407 3069 2680: 3404 3306: 2910 3249: 2951 2535: 2272 2386 2162 2256: 2144 
----··········· ........ ·······--·------·· ··········>··-----·· -------~------------······l·················· ·················-~---····· 

3296 3476 3632 2604: 2518 2649: 3043 3361 : 3099 2780: 2469 2107 2166 2477 : 2464 

3121 2832 2946: 2605 2764: 2897 3382 : 3292 2872 : 2864 2588 1906 2080 ': 2730 
.......... -- ................... --~- .. -- -- ·- .. -- -· ···:· ................ -~---- ·- -- . -- -· ............ -· -- -· ........... -- ... -- ............ . 

2617 2592 2643: 2767 2415: 2879 3411: 3548 3491 : 2669 2915 2005 2357: 2502 

........ ~:.~.:. -~~~---~6.:~.l-~:.~.: ... ~~:.~.: .. ~~5-~ ... :3.:?.~.L~~-~~---~-'.~.L~~-'.?. ... ::.:~. -~-~:.~---~~-:?..[.~?.~.:. 
2951 2983 2687 \ 2960 3361 \ 2847 2900 \ 3355 3207 \ 2520 2143 2133 2253 \ 1945 

2682 3178 2884 : 3400 2870 : 3466 3040 : 3714 3026 : 2523 2288 2435 1822 : 1661 
..... -. ----... - ............ -.. -. -~ -.... -............ : .................. .,: .................. ; . . . . . . . .. . . . . .. . . . . ................ -~ ....... . 

2716 3055 2964 3200: 3615 3068: 3295 3637: 3104 2728: 2333 2419 2117 1791: 1822 

600 620 640 660 680 700 720 740 

TOR z (cm) 
3858 3155: 3117 3726: 3974 4783: 2954 3245: 4153 2863 \ 2950 2440: 1736 1993: 2170 

3885 3356: 2899 3314: 3480 4276: 4249 3316 : 3280 2399: 3030 2133: 3365 1847'1117 
............... ; ........ ······ .. ··:···· .............. ·:····· ········ ······:······ ·········· ··•··· ········ ....... ; ........................... . 

' . ' . ' 

3302 3151 '2589 3376 '3810 4125: 4270 3501 : 3279 1739 : 2763 2073: 2773 2244 : 2570 
' ' 
' ' 

4099 3388: 2468 4005: 3796 4595' 4750 4106: 3314 2669: 2871 1958: 2136 2844: 2439 
······ .................................................................................................... ······ .............. ····•· ...... . . ' ' . . ' ' 

4463 3314 : 3621 2901 : 4825 3962: 3888 4047: 3702 3259 : 1748 1464: 3112 2821 : 2138 

2499 : 2526 2640 : 2361 5196 4065: 4740 3709: 5593 5581 : 4306 4569: 5222 3425: 2499 

5043 3939: 3894 4666: 4062 4331 : 4816 3994: 5343 4151 : 2839 2639: 1472 2912: 2309 

4418 5641 : 4519 4147: 5048 5979: 4872 4425: 3260 4219: 3614 2273: 2214 2605: 2423 
............... : ................. -~ ................. .: .................. ~-- ................ ; .................. : .................. ~ ....... . 

3659 4756: 3993 4114 '5433 5798: 4310 4119 : 3934 3954 : 3522 2501 : 2944 2353 : 2809 
' ' 

3659 4737 : 4691 3864: 5150 4753: 3882 4816 : 4054 3023: 4050 2570: 2637 2483 : 3333 
···············~··················~··················:-·················~··················~··················:··················~········ 

3683 4520: 5681 4667: 3889 4569: 5229 5421 : 5722 3177 : 3625 3058: 2758 3145 : 2675 

600 620 640 660 680 700 720 740 

Z (cm) 

29 



300 

290 
0::: 

280 

270 

260 

250 
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290 

280 

270 

260 

250 

Neutron flux (Hz/ cm 2
) New 

6379 5463 4695 4368 : 4014 4286: 3563 3359: 2629 2533 : 3151 3083 2635 2246: 2173 

6383 4966 4681 3828 : 4318 4342: 3384 3098 : 2514 2335: 2847 3017 2263 2248: 2280 
······-·--··•••········•••••·····r•••••·· ········-~-----············-~·-········ ....... , .... .. ··-········ ···--·---······--·~---····· 

5893 5151 4284 3728: 3371 3558: 3740 3082 : 2591 2682: 2572 2876 1991 2057 : 3011 

5178 4782 4261 4338: 4220 3468: 3029 3409: 2279 2765: 2806 2514 2389 2402: 1850 
' ' ........ -.. ---. . ....... -. ---..... ~ -.. ---..... ----.. -:· ... -.. -....... -. --:·. ----.. ···i···········----··· ··············--·-:······· 

4041 3499 3934 4231 : 4021 4055: 3006 3073: 2628 2518: 2577 2847 2620 2073: 2079 

3793 3671 3377 3562 : 3728 3798 : 3508 3357 : 3096 2802 : 2787 2560 2498 2409 : 2440 
' ' .......... -- .. -- .......... -· ·- .... -- -- ..................... -- ... ·- -·. ~-- -· -··. -- -- .............. -- -· ....... -- -- ·- ........ -· --·- .. - ... . 
' . . ' ' 

4059 3726 3086 3693: 3436 3902: 3163 3875: 3163 2343: 3105 2818 2547 2023: 2172 

4570 3513 3319 3341: 3845 3556: 3037 2715: 2645 2601: 2485 2648 1956 1883: 2211 . . ' . ' ··············· ···-································--······················································ .......................... . 
' ' ' ' 

3655 3216 3413 2906: 3943 3280: 4219 3124: 2869 2653: 2656 2256 1783 2183: 1846 

3339 2869 3331 2830: 3201 3252: 3692 3039: 2803 2920: 2871 2221 1794 1840: 2195 
................................. ;. .................. : ..... ······ ...... -~·-·· .............. ; .................................. --:-

3319 2958 2689 2889 : 2794 3356: 3640 2644: 2825 3074: 2648 2100 2020 2092 : 2395 

600 620 640 660 680 700 720 740 

TOR z (cm) 
3451 3321 : 2336 3485: 2828 2550: 2587 2529 1588 1500: 1683 2367: 2464 1920 1725 

3890 3198 : 2623 2757: 2836 2626: 3124 2155 2394 1923: 1744 2083: 1557 2476 1071 
···············f··················=··················-:···················:··················i··················l··················:········· 

' ' 
4513 3303: 2875 3096: 2154 2801 : 3151 2232: 1924 1913: 1314 1347: 1293 2032: 5080 

659 2649: 3329 3518: 2276 2618: 3666 2472: 1823 1716: 1395 1611: 1840 2160: 1552 
............... : ................. -~- ................ -:· ................. ~- ................. ~- ................. : .................. ~ ....... . 

2783 2486 : 5443 3476 : 2765 3409: 2530 2057 1879 2124: 1817 1162 1942 1673 3590 

4752 2836 : 2852 4795: 3284 4722: 3281 2615 : 2472 1505: 1923 1352: 1881 1219 1977 
' ' ···············:··················:·················-;-·················-:··················:··················:··················-········ 

2356 3262 : 4-031 3615 : 3122 3468: 2991 1569 : 2798 2016 1714 1882: 1893 2086 : 2194 

3872 3258: 4176 4851 : 3003 3143: 2968 2766: 2259 1958: 1722 2150: 1769 14-00: 1056 
........... -... : ................. ·'.- .............. -.. .: .................. .: .................. ; .................. : .. -.............. -~ ....... . 

3728 2761 : 3198 3583: 3601 3243: 3240 3216: 2786 2347: 2958 2381 : 1717 1390: 1340 
' ' . . ' . 

32~4- _ -~~~: _ [ _3~~3- __ 3.5_2~ _[_4~5_o ___ ~-~~~ _j __ 33.7~ ___ ~3.2_ ;_ ~~-~~ __ -3~2_2_ j _ ~-9_1_ '. ____ 1~o:_:_1 _~3- ___ 1_ 6_1~ _[ _ 1 ~1 _4 _ 

3858 3155: 3117 3726: 3974 4783: 2954 3245: 4153 2863: 2950 2440: 1736 1993: 2170 

600 620 640 660 660 700 720 740 

Z (cm) 

:JO 



Neutron flux (Hz/cm2
) New 

750 ,...-... 

E 1013 1125 1077 1077 1066 1338: 1055 1285 1250 1147,1166 1266: 947 1024: 995 

() 852 1048 982 825 : 1055 1111:1128 1221 1129 1298 : 1123 1285 940 929 832 
'---' 740 ·················-~ . . . . . -· -~ . . . . . . . . . ' . . . . . . ......••••..•.....•.. 

0:::: 1003 1089 1325 899 : 1075 1041 :. 1133 1250: 1229 1429: 1298 1028 1089 940 853 

946 1048 1200 1012: 953 906 : 1150 1449 : 1421 1302: 1322 977 1022 885 958 
730 

. . 
--············· ·············-·---:------··········--·:···················:··················:······· .... -- .. ··:- ...... . 

885 1018 1267 1033: 1069 962 : 1218 1664: 1302 1345: 1165 940 979 907 : 914 

720 
1095 947 1055 1029 '.1118 969: 1203 1426 \ 1325 1300 \ 1245 1166. 1094 885: 1023 

.. -.... -. ---. . . . ................. ~ .. -..... -...... ---:· ... ---. -. ----... -:· ............... --~ -.. --............. ~ ... -. -............ ~ ....... . 
1108 1060 927 1043: 1076 1070: 1233 1592: 1132 1099: 1091 989 : 1079 1060: 969 

710 1 '. ~~-- _ .: ?.~.9 _ --~~~- ____ 1_ ~-~~-l. '. ~~.:. _ .!. ~ ~~ ; __ : ~~-~ ___ ~-~~~-L1_~.:~ ___ ~-: ~~-; _ !. ~~~- ___ :_1_::-: _: __ ~~?. ... _1_ ~-~8..! _ -~8.~ .. 
1042 903 1075 1052 j 961 1140 \ 1233 1288 j 1212 1202 j 1239 1257: 1008 1015 \ 920 

700 
1097 992 1166 1090: 1133 1214: 1326 1335: 1121 1600: 1270 916 : 1021 1038: 961 

•••••• ....•. •• • •• •• •••••••• •••• •• ,. ••• •• •·•· •· ....... , •.• •• •• •••• •• •••· ·~······ .. ---- •. •• •• •••• ••·· ........ •• ., •• •• •· • •·· ...... ··r••• •• ••. 

1314 994 1068 1117: 1089 1490: 1381 1301: 1184 1078: 1017 1041: 946 918 : 1076 

600 620 640 660 680 700 720 740 

TOR Z (cm) 
,...-... 750 

E - 721 651 634 666 925 1146: 842 991 1691 1254: 695 1332 1298 921 : 2053 

() 
r 
,_573 

'---' 740 --··· 
634 599 813 555 1070: 992 849 1138 826 1376 1180 650 1019 887 

' ' . . . ' ' .......... , ................ ··~··· ······ ........ ., ............... ····,·· ................ , .................. , ................ ··;··· ..... . . 
0:::: - 517 816 602 585 766 1698: 753 1043 1056 934 

. . 
619 866 1023 645 765 

-
- 416 832 699 558 744 1276: 1025 740 : 905 815 682 1447: 1424 865 890 

730 -···········----~··················~··················:············-·····-:···················.··················!··················~·-······ 

473 802 : 682 664 : 713 1218: 764 657 : 997 1051 : 674 1366: 1733 896 : 1030 -
611 624: 624 844 826 1217: 624 703 667 445: 904 1186: 933 864: 1086 

720 - .......... ·····i ·········· ...... --~·-··· ............ .;. ................ -~-· ...... ······ ···-~··· ........ ······ ·i .................. ;. ....... . 
811 733 : 669 990 : 701 1365: 710 699 : 650 749 : 969 1333: 977 786 : 873 . . . . - . . 
839 961 : 1011 975 : 975 1339: 844 523 : 785 604 ! 1211 1194 ! 711 610 : 1120 

710 -· ............. -: ................ --~- .............. --~············· ·----~---············· --~·-········-·· .... ·=···· ........ ·····-~- ...... . 
-1005 1502 : 693 743 : 895 968 : 772 709 : 1035 1071 : 1084 1450: 720 742 853 

-1081 887 : 822 1548: 896 1073: 708 1171!1074 1096: 1143 869 : 767 859 : 535 
700 -········ ....... ; ................ --~---········ ....... : ............... ·--~·-·· ........ ···-·· ~--····· ........... ; ................ --~ ....... . 

1145 810; I 1050 1327 I: 1240 1086 I: 807 953 I: 717 1047 I: 932 959 
1
: 992 866 

1
: 654 

' ' 1 ' ' I I I I 

600 620 640 660 680 700 720 740 

Z (cm) 

31 
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. . . . . . , , , , 'N , 
.............. : ................ , ................. : ................ ~ .................................. : . e.w .... ~ ............... . 

. . 
. - .•••.•••• - --~ •............... ·:· .....•.• -...... ·i .. - - ........ -..• -:- -........•....•. i. - ... - .......• - - . : . -- . - ....• - - - ... -:- ............... . . . 

. . . . . . ' .................. ···- -- ·-·· .. -~-- -· ........ ·····: ............ -· ··-:-·· ........ ·- .... ~- ................ ~- ............ ···-:-··· .... ······· .. 

··············•·····-·········-~----·-···········i··············-··:··············---~---··············•·················:--··············· . . . . . . . .. . . .. . . . . -. --~ ----·. -·- ---· .. -~-- .. ---· ---. --... ; .... ----.. -..... -:- ........ ·- -..... ~- .... -........... ~- -.... -......... -~ ............... . 

.......... ·---~ ............. -.. ·1· ............... -~ ............... ·+ ................ ~- ................ ~ ......... -· .... ·+· .............. . 
. . . . . . ' . ' 

••••••• • 1· ••••• ~---. :: •••••• :· ••• ! ................ + ................ ~- ................ f ................ -~-- .............. . 
.. : : : 

500 1000 1500 2000 2500 3000 3500 4000 

Z (cm) 

. . . ' . ' . 
··············:················:··············•••!••···············:·················:·················:·················: .. ·············-· 

' ' ' ' ' 1· DR ' : : . : : : : : 
.............. :. ................ ~-- ............... : ................ .:. ................ ~- ............... -~ . . ....... .:.. ............... . . . . . . . . 
........... ·--~----·--········-~-- ............... ; .... ············ .; ............... -·•····· ......... ···•····· ........... .; ................ . 

: : : : : . . . . ' . ' . . . . . ' 

··············7················~-----············-:---···:········-~·-·············-~·-···············:·-··········-···.:. ............... . . . 

. ··········--·~- ...... ········-~-·-··············•·················;.-. ···········---~--- ............ -·•········- .. ···---:---· ··--·· ...... . : : . : 
. . . . . . ...... -...... -~ .. -......... ·_-·,..·:· ................ ~ ................ ·:- ................ ~- ............... -~ ................ ·:·. -............. . 
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( 
Charged particles (11, K, e, p) flux (Hz/cm 2
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Neutron flux in Muon chambers 
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Neutron energy spectra (dN/ d(lgEkln) 
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')'energy spectra (dN/d(lgEk;n) 
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Hit per 208 minimum bias (DTU) event vs particle type 
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-~ - - -n. 
Hit per 208 minimum bias (DTU) event vs particle type 
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Higgs in Four muons channel. 

The acceptance for a single muon 
for the rapidity less 2.46 is 84% 

}'he :result is decreasing Higgs 
1 ~ist.ration efficiency to 43 %-. 

There is two diff. ways . 

.1.. Improve muon system. 
2. To use information from other 
detector subsystem, for muon de~. 

CT, Calorimeter. 

43 
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• • 

For muons with low Pt we can: 
1. Measure Pt in CT. 
2. Identification in CAL. 

150 GeV Higgs in 4 muon channel 
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170 Ge V Higgs to 4 Muons 
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170 Ge V Higgs to 4 Muons 
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And so: 

1. We have to look for 3 muons events. 
2. We can use Pt from CT. 

· What muon/single hadron rejectio:n 

we can get from c~lorimeter? 

Preliminary results. 

Difference in longitudinal 
distributions only. 

48 
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Conclusion 

1. Using CT and CAL is helpful 

for muon system for detection 

Higgs to 4 muon$ channel .. 

Questions: 

Muons/Hadrons rejection: 

What clo we need? 
What can we get? 

"tong 1tudina1, and transferS' distri bvtions. 
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Global fit for muons with Central Tracker 

Yuri Fisyak 

I am trying using SIGEM philosophy which implies to use both for 
simulation and reconstruction the same GEANT based data base and 
Kalman filter approach to build program for global muon fit with 
information from Central Tracker. 

The global fit includes the following steps: 

• Cluster finding, matching bending and nonbending coordinate mea­
surements, and reconstruction based on digitized GEANT hits (will 
be implemented in SIGEM version 2.2); 

• Finding of track segments in each superchamber by combing the near­
est in </> clusters and fit them by straight line in space. The require­
ment is at least 3 cluster in the track segment; 

• Using Kalman filter and smoother combining track segment in track 
and finding the first approximation for track parameters; 

• Using obtained track parameters selection of hits belonging the track 
and fit them in order to obtain the final parameter estimation from 
muon system; 

• Define the road and pick up hits in Central tracker and afterwards 
make global fit; 

Status: Procedure for barrel does work. In endcap there are problems 
with fit of the track segments and obtaining the first guess for track 
parameters. 
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Single muon with Pr = 100 GeV / c 
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Single muon with PT = 1 00 GeV / c 
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Pattern Recognition in the GE:NI Muon System 

P. Dingus 
Physics Research Department 

Superconducting Super Collider Laboratory 
Dallas, TX 75237 

Abstract: A systematic monte carlo study of the ability of the proposed 
GEM Muon system to find and measure various tj'peS of muon tracks in the 
presence of both correlated and uncorrelated backgrounds is presented. A 
sample of 16000 isolated muon tracks with transverse momentum, lOOGev ::5 
Pt < lllOOGev and 4000 events from ti * lab + µ.µ.1111 * _ X + µµ1111 were 
sinn1Jated in the detector using the srmit mon.te carlo, which was used 
in calcula.ting mr perfimnance fur the GEM TDR. Track reconstruction. 
efficiencies and momentum r:esolution are calcalated with respect to a given set 
of cOt?Straints that include the most basic performance assumptions underlying 
the architecture and techology choices made for the GEM muon system. 

1 Introduction 

There are two basic !imitations that prevent the GEM mIWD. system from reaching the 
quantitative limits of track reconstruction efficiency and track measurement resolution that 

one would naively calculate from just geometric acceptance and cham~ resolution and 
chamber and superlayer alignment errors. The first problem is that of correlated and 
non-correlated track backgrounds such as punchthrough from the calorimeter, S rays, 
7 conversions and random hits from ambient neutrons and 7's comming from neutron­
nucleus interactions. The second, which only limits the momentum resolution are the 
fluctuations in energy loss for relatively low momentum µ. 's passing through the calorime­
ter and the multiple scattering of muons in the material of the muon system. We will 
describe the nature of the correlated background associated with three files of isolated 
µ.'s of constant P, distributed uniformly throughout the detector am! then with µ.'s in. b 
jets coming from tf events .. Fmally we will, in the presence of these vmous- correlated 
backgrounds, give track finding efficiencies and track recoustt action resolutions. 

1Y.Fisyak GEM TN-162 
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Figure 10) Comparison of the track finding efficiency using the "three good hits" method 
and the cluster search-merge algorithm discribed in the text. The comparison is made 
by using a preselected data set where three "good,. hits had already been found, thus 
showing .the mefliciency of the cluster-algorithm: The cltISter algorithm is shown to he 
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as a condition for merging the tracks. vVe find an increase in efficiency of about 13 to 
3%, the results are tabulated below. Senario 1 refers to (3,3,3), senario 2 refers to (2,2,4), 
and T .F. refers to track finding algorithm. 

100 GeV P, Isolated muons. 

11 3 good T.F. (senario 1) T.F. {sena.rio 1+2) 
0.08-0.5 0.9836 0.9779 0.9866 
0.5-0.92 0.978 0.974 0.9846 
0.92-1.34 0.965 0.959 0.9714 
1.38-1.86 0.952 0.925 0.9598 
1.86-2.46 0.9412 0.915 0.9594 

500 GeV P, Isolated muons. 

11 3 good T.F. (sena.rio 1) T.F. (senario 1+2) 
0.08-0.5 0.9757 0.971 0.9807 
0.5-0.92 0.966 0.9598 0.9683 
0.92-1.34 0.9488 0.941 0.9547 
1.38-1.86 0.9148 0.898 0.9415 
1.86-2.46 0.89 0.874 0.9215 

1000 Ge V P, Isolated muons. 

11 3 good T.F. (senario 1) T.F. (senario 1+2) 
0.08-0.5 0.9581 0.948 0.9714 
0.5-0.92 0.9643 0.956 0.9tH8 
0.92-1.34 0.9212 0.909 0.9488 
1.38-1.86 0.8764 0.845 0.8935 
1.86-2.46 0.8367 0.81 0.8475 

Examples of found clusters and merged tTacla are shown in figure 11, 

3.1 Muons in b Jets 

In order to understand the differences in track reconstruction efficiency in quite and noisy 
enviroments we prepared a sample of 4000 events of muons coming from b jets. Thes 
events were generated via Pythi& as follows: 

tt => bb+X (2) 

=> b-µ-ii+X (3) 

=> /,_.µ+v+X (4) 

' 
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using the Kalman FUter. 
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Figure 18) Tra4 resolution plot as a fundion of 1J for the 1 TeV P, muon sample using 
the Kalman Filter . · 



Presentation by: 

Torre Wenaus 



ttuo ,J R.E co 1'S"1 I. c,<.-i-t• ,J S TJWU ~ 

-fo,IGS: 

M'l(E:N'10" llfSo\..ll,.to,J 

M \SS t A)<;c- SL 's. StCrt M 
.I 

2. • ' • 7 

Ace fl-'tA~c E-
s '6 EM " 'Z • < f>c£. EPr A/+JC.£ Cenf A flF:o 
'""f o f JL\J co v.S 616L Lf NE-. ; 

'Z. ~MW. ; DOul{,E,- Accf/A"f A.Nc.L 

I 
'Z. -> ,_.. r. -

Vf.lt-r'U' l.oJJSi ~Im' 

H _, 'fr 
(. '1" \/'fCc...U J(OA) · 

/ 
~ovf.ll..MzC (~ vl. l · 

I 

M H 1£.soL U'Tl ~ (.AJ ' ~ v <> /rl'iJb v z . t . 
/ 

'\J'1Y U;JJ S1 J..A <rtf 

77 



• Sl<rE. M Z.. I Rf.SoL<.TtloN 

WfiH ~ wcTH.o\J1" &AC.~ C..17::> • 

• vu:rE>c C.OAl ~• tt At ,J-r 

z.oo f4M 

Sbo ,...,..... 

2.o o f"'-IV. ~ NI) S L. \ 

78 



dp/p 
0.25 

• D 

• 
0.2 

0 

; 
... 
t::.. 

0.15 

0.1 • 
0 D 

• 

0.05 'l - -
~ 

* * .. ... 
~ 

00 

T. Wenaus 5193 

Momentum Resolution 

1000 GeV 

500 GeV 

100 GeV 

10GeV 

-
·"l 

• ... 
0.5 

Filled: GEMFAST parametric 
Open: reconstruction 

* .. 
1 

'"'Q { ,, 

! 

i 
.± 

"' 

' 

* l ~ .. 
~ 

1.5 

• 
0 

~ .. 

* 
..3 

2 

• 
0 

:~ 
~ -· 

• .. 
2.5 

1771 



dp/p Momentum Resolution, SL 1 not used 
0.25 ........ --.--.--.....-........ --.-"""T"""...--,.......,......,.."""T"""..,......,......_,_,... _____ _ 

0.2 

0.15 

0.1 

0.05 

00 

* 

~ 100 GeV 
* 50 GeV 
o 25 GeV 
o 10 GeV 

* 

0 0 0 

0 0 0 

0.5 

T.-.,.5193 

0 

0 

0 

0 
0 0 

0 

0 

0 

0 
0 

1 1.5 2 2.5 
1171 

oO 



dp/p Momentum Resolution, SL2 not used 

0 .2 5 .......,......,...-T"""...--......... """'T"'""T"'""'T"""""....,..'"'"T'"""'T""-T'"'""T---.--T"""-i--......... --.-...,......,.......,--, 

0.2 

0.15 

0.1 . fl. 

fl. 100 GeV 

* 50 GeV 

o 25 GeV 

o 10 GeV 

T. Wenaus 5193 

0 

0 

81 



dp/p Momentum Resolution, SL3 not used 

0.25 r--r---r-"""'T'""""T"""...,......,.......,.....,.---.-.............. .,....... ........ -.... ....... -.--.....-.................. ----.......... 

0.2 

0.15 

0.1 

0.05 

00 

* 

0 

t:,. 100 GeV 
* 50 GeV 
o 25 GeV 
o 10 GeV 
/::,. 

* 

0 0 

D D 0 

0.5 

0 

0 

0 

D 
0 

D 
0 

0 
D 

D 
D 

D 

1 1.5 2 2.5 
1771 

Br, 
c.,, . 



dp/p Momentum Resolution, SIGEM V2.1, mu hits 
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· Pattern recognition performance for muons from Higgs 
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43% efficiency for Higgs; ITJl4µ < 2.46; 3 superlayers 
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99% efficiency for good track segments in > 2 superlayers 
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GEM PAC Review, May 25, 1993 
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Muon system acceptance, including doublets 
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