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-. :On Apnl 29th 1996 the '\Iuclear 'Scxence Advxsory Commlttee was charged by.

; \/Ia.rtha A, Krebs Drrector Oﬂice of Energy Research Department of Energy,.
and' by Dr Wllha.m C Harrls, Assrstant Dxrector Dxrectorate for Mathernat:ca,l and_
P_hys1cal Sc1ences, Natlonal Sc1ence Foundatlon, to recommend the appropnate level'

- of stea.dy-state operatmg costs for the Relatlwstlc Heavy Ion Colhder at’ Brookhaven

".':Natlona.l La.boratory The Nucle_ ':'Sc1ence Advrsory Commrttee (NSAC) appomted

__5_'a Subcomrmttee under Dr J R Orr (chmr) and Professor Robert P Redwme (

chmr) to carry out the re\new W}uch took place at: Brookhaven on JuIy 17—19 199'
At its meetmg on August 9 1996 NSAC accepted the Subcornmlttee S report whlch':
s ettached Included wrth the report is‘a copy of the charge and a full list. of the'

| '-'_Subcomm1ttee membershrp NSAC’s recommendatmn and a few.cla.rrfyxng'commentsf

':"'concermng the report Tollow. -

: The Relatlwstlc Heavy—Ion Colhder (RHIC) the newest accelerator for conduct-_'

';nuclear physxcs research As descnbed m the recent Long Range Plan for Nuclear
Scrence RHIC provrdes a capa.bllxty unmatched 1n the world It w111 a.lIow very heavyf
':'j_:-- nuclel to be brought 1nto colhsron a.t very hrgh energ1es to create condxtmns much 11ke: =
. f_'_égthose a.t a tlme ‘when the universe. was only mxcroseconds old Under these COIldlthIlS
S _quarks and gluons may be freed from nuclel to; form a new state of: ma.tter RHIC’s con—;.
o }structron is expected to. be completed in the thrrd quarter of FY1999 and steady-state"
: .'i-.-.opera.tron achleved w1th.m the followmg yea.r PR S SESEHDON
The RHIC prOJect from 1ts begmmngs m 1986 has ca.rned w1th 1t an estlma,ted




- COSE Of approx1mately $88M (FYQQ dollars) to _perate denved from the Conceptual De-
i l"fSlﬁfn Report ‘The: current reyxew is the first 1n—depth analyms by a comrmttee charged to._-_'
__: ; '_'__"::33_'--evaluate the operatmg Costs The recommended operatmg budget startlng in FY2000
G is.$12M hrvher than’ the estlmate in use: unt1l now by the DOE Prograxn Office, The e

' high' pnorrty assrgned to RHIC by NSAC 1n formulatrng its 1996 Long—Range Plan;'__ﬁ:"'f e

e .:'.'-."LRP} for the ﬁeld remams unchanfred PR R - S

S No‘i;wn:hst:fl.ndmnr its. size and ground breakmg capab1ht1es, RHIC remalns 1n"_:' :
S 3"'NSAC’s view, a remarkably cost—effectwe facrhty Sltuated at a.n exlstmg natxonal_f:

"_'_f:.'labora.tory, RHIC is supplxed w1th ions from a fully developed lnjectlon charn culnu-"_".

" nating in. the Alternatmg Gradlent Synchrotron (AGS) and rnal\es use of an. exxstlng'f"

:'::-_"tunnel an exrstrng helllIm hqueﬁer (the: largest in. the world) and a superconductmg
""-magnet factory W1th an. experlenced staff. _' S e
- As construction of RHIC nears .¢6rl;1p1etion-,-_-B'roakhairénjhss :t_i_i_r'ﬁéa:i'tspa;ee_ﬁti‘sn,-_ L
s “to re—eva.luatmg in detall and reducmg the costs of operatmg the fac1l1ty Lab-wrde': e i
:_BNL bas made substantxal progress in: cost reductron and efﬁcrency xmprovement Ex-
tensive reorgamzatlon has strearnlmed the ma.nagement structure. ‘Brookhaven has._:.:_ G
'3:51gned a new contract w1th the New York Power Authonty that allows the demand_’"-__'.'i.___'.-'-i_'_'
_'_'level to ulcrease to 77. MVV as needed for the full operatlon of RHIC at the very favor—_'_' 3 »
:.'able rate of $60/MWH - v it el S
g As a: result NSAC 1s conﬁdent in’ the analysm of 1ts Subcomnnttee that thlsf_ i
;-:_extra,ordmary new. fa.c111ty can be operated econormcally, and that it will dehver the'--'
:'_:.__'excrtrng sclence we have been eagerly antlc1pat1ng for .more’ than a’ decade T
& NSAC expresses 1ts gratxtude to its Subcornn:uttee under Dr Orr and Professor
_ ._Redwme for therr dlhgent a.nd expert work and extends 1ts thanlcs also to Brookhavenf.’_.
Tt -'-'_r:-_Natlonal Laboratory for the ca.re w1th whlch 1ts proposal was prepared and for hostmg &
e _;'.the Subcommlttee dehberatrons and the subsequent NSAC meetmg__ v -

- _Reé()mmendation |

_j._.___f_.jNSAC enthusmstlcally supports the exc1tmg physxcs opportu-:_._ G
"’f’_"mtles at RHIC. RHIC will create unique conditions of matter .
Cab very hlgh energ‘y den51ty Reallzmg the scxentlﬁc promxse:'_-'
- requires . full utlllzatlon of ‘this facrhty Consequently, NSAC_
:-"recommends apprmﬂmateiy 37 weeks of runmng time per year
" and $99.8M per year (in FY99- dollars) as the minimum steadyu'-_" o
';';-state operatmg budget for thlS aCthIty Conbii i




i | _-F ollowmg thelr revxew of the Subcomrmttee s recommendatrons Brookhaven re—eva,luated "

_therr ontunal est1rnates and concluded that a total operatmg budget of $103 3M would

S | :_.'-'be needed for 37 weeks operatron NSAC welghed the 1nformat10n provrded by Brookha,ven

i .'.:--:._’_and the Subcomrmttee ] analysrs and voted to endorse the Subcommittee report with
. the clarrﬁcatlon that the $99.8M recommended by the Subcommlttee represents the -

-'_'-;.__:-'mmlmum level at Wthh Brookhaven can be expected to operate RHIC _NSAC rnore-
' 'over concludes that et T R RIS

_: 1 Th1s actmty wxll requlre startrng in’ FY2000 a $12M increase over the level.::_ o
o _:'lpro_]ected heretofore by the DOE Nuclear Phys1cs Program Ofﬁce o '

e .._II:The optlmal utlhzatlon of RHIC for 1ts hlgh—prlonty research program is’ approx—..ﬁ.

: -;_:1mately 37 weeks per year wrth the remamder bemg devoted to accelerator and'}"
_-"detector mamtenance and upgrades S L I '

.-_'.:Brookhaven Na.t1onal Laboratory has desrgned'a techmcally advanced and cost-' e
_effectlve accelerator system but nevertheless, contmues to 1nvest1gate further de—
' srgn 1mprovements NSAC encourages that approach concurrlng w1th Brookhaven :
: _:_:'_that srgmﬁcant gams in efﬁcwncy and rehablhty, coupled W1th reduced manpower '
5_'costs mrght accrue from 1mplementat10n of a new low-energy 1n3ector and con :
"':: = :_Improvement PrOJect) funds The level of AIP fundmg; may need to be adjusted'f:’:'
% 1n the knowledge of more deta1led plans for upgrades the 1mpact on long—term'
S operatron and the 1mpact on other programs in nuclea.r physrcs '

: '-Issues
nl'lformulatmrr 1ts advrce to the Agenc1es NSAC 1dent1ﬁed a number of 1ssues that bear ;

on. the future operatron of the RHIC famhty Some of those 1ssues are. also dlscussed_l_
~in the Subcomrmttee report ' L e S

o 1 Estrmatmg the operatmg COS__ts___of such.a large and complex fac1l1ty as: RHIC is
: '___mevxtably accornpamed by some uncertamtles that are: magnlﬁed by the 3-yearf L
interval between the present rev1ew and the expected comrmssromng date of the' o

"'accelerator

.' ".:'::Brookhaven hes developed and tested and DOE has endorsed the use of an oo
_-_econometnc model that was, usecl m the forecasts Personnel costs are predrcted._.;'-ﬁ__[ 3




N to escalate'at'3 7% per. 'year and equlpment costs at 3 O% |
~ - June 30, 2000, are defined in ‘the agreement negotiated between BNL and the NY -
S _"Power Authorltv The Subcomnnttee s evaluatlon of the stafﬁng levels requ1red
" ':"3"_7: -.:":gto operate RHIC and its detectors are consrdered by '\ISAC to’ be suﬂ'lcrently L
o accurate but the costs of that level of effort should be re evaluated closer to the_'j;-_ S

-"":'-":-date of commrssmnmﬂ i o T Lo = : i

: '.:-_:-'_Uncertamty surrounds nuclear scrence budgets and federal science pohcy at the" .
i _--:-t1me RHIC w111 come into operatron In the event that fundlng for the field does i
.not! keep pace w1th mﬂatlon NSAC reiterates the vlew expressed in’ the LRP -

_. that malntalnlng the balance in the ﬁeld is of major 1mportance The operatlon_:_"-'ﬂ
f'of the large fac111t1es at opt1mum beam avarlablhty should not come “off the top” s
: -:'-_but should if budget cond1t1ons force it, be reexarmned by NSAC at a later trme 3 E

e .'-:from the vxewpomt of balance of the complete U S nuclear sc1ence program i)

.:"_-It is: enpected that further program optunrzatlon may be p0551ble as RHIC oper--
}--atlons get under Way W1th1n the overall fundlng proﬁle outhned m the Subcom _:_
_".mrttee report some adjustment of the ratlo of personnel to materrals supphes .
: “and. servrces costs or of equlpment to operatmg costs for example may be ap—f'
5 '::f:-'ﬁ_'propnate S o s L :

._-Brookhaven staff scrent1sts part1c1pate in research both at Brookhaven and._else-;_'._ﬁ
where, that is: not spemﬁcally COn51dered 1n this rev1ew but is the SubJect .
' "_-'_separate, peer-revered Proposals SR = i

'-:'--A substant1al ﬁxed»target (proton) prograrn__- presently exlsts at the AGS The_:--___-
":;'_.'.recent “AGS 2000” Workshop, attended by both nuclear and part1cle physwrsts
was' a1rned at 1dent1fy1ng the. best opportumt1es for future use of the AGS in. the -
'_Ii;RHIC era Recogmzmg the new possxb1llt1es made avallable by the enormous Hi
'__.galns in: AGS beam 1ntensrt1es proponents 1dent1ﬁed spe01ﬁc experlments w1th:5 .
compellmg physms motwatrons It is expected that HEPAP w1ll examlne and
- comment on the merits of the proposed experlments within the next year. Since -
. . the HEP dlrectorate 1s currently sponsormg AGS ﬁxed—target research and smce__'_f
o :_'NSAC dld not, give, the program srgmﬁcant pnonty in the 1996 LRP, it is ‘the hope
o _i.?’f."-of \ISAC that responsrbrhty for the support of AGS ﬁxed—target proton research"_';_--_:_ o
'_-_ﬁw1ll remaln w1th1n HEP. Here support 1mplres the 1ncremental c05ts of runnmg_'_--.ﬁ e
©  the external beam lme( ). during normal RHIC runmng, ‘the costs of any: new_f-' E
_f-_:detector( ) and the freneral-use test beam that 1s presently used by a vanety of .

- Power costs through




ewzperxmentah _s frorn both commun1t1es : However, dedlcated test beam runrnng'_@f
in drrect support of the heavy—ron.:program is consrdered part of the RHIC base'_;-
".prooram .' . AR :

""',:"5’.'T11e' uRHIC Spln program was 1dent1ﬁed m the LRP asa potent1a11y exCltln g___'.::.'-

. area of research, but was a531gned a role subordinate to the primary mission
of relatmstrc heavy-xon research Smce ‘then, substantlal Support for the de-?_
i :'-'__:3._,:tector and accelerator mod1ﬁcatlons has been provrded by Japan and has been_ﬁ'
i :accepted by DOE Brookhaven regards the routrne provxsron of poiarrzed protons
._-::-:.'_:-_(mstead of unpolarxzed) as a minor addltlonal effort, a view: with Wthh NSAC :
- largely agrees, 'NSAC expects that RHIC Spm research wﬂl be carrled out by the.
o __‘_two large detector collaboratlons from the same. base program as the relatmstrc_:f_ _
: heavy—ron research w1th bearn tnne and resources awarded cornpetrtlvely by scr--'-

entrﬁc peer Teview.’ “As noted by the Subcomm1ttee, operatron at. \/— =500 GeV-'
'--'_may not be greatly dlfferent 1n cost from 200 GeV operatlon, but is not requ1red ;
;"for the purposes of heavy-lon expenrnents Runmng at that energy would requrre :
addltlonal funds or _redlrectlon of resources wrthln the b e_'-program

;;"';The powerful cornputatron capablhty needed to support the RHIC experlments'fﬁ_-
_is the. sub_]ect of a: separate caprtal eqlnpment proposal now under review.. Op-_: _
-.j'_ieratmg costs for this faczhty are: 1nc1uded in the base program (augmented by
"user group Support) but ‘may naturally need further revrew once a decrsxon w1th

respect to the cap1ta1 component has been rnade

8 r’_'.__':Operatlng the massrve RHIC detectors w111 requxre substantlal 1nvolvement by

: '_'umvermty and laboratory users, in'a fashron ‘that i is now. routlne 1n high‘energ}

physws but’ Wthh w111 be a change for many nuclear physwrsts NSAC hopes

.':_that in: thls trans1t10n many of the aspects of tralnlng and research that are

: ;"-_.'_-hrghly valued 1n nuclear Physxcs can be preserved NSAC urges the detectori’-’
:-__-_'_'groups BNL, and the agencies’ to. monltor and if 1 necessary adjust the balance'“'_‘
--'Fbetween collaboratxon and BNL support of detector operatlons ST




Report of NSAC Subcomm1ttee on RHIC Operatlons Costs

:1_2']NTRODUCTION

Ry The Nuclear Sc1ence Adv1sory Comm1ttee (NSAC) was asked on Apnl 29
1996 by William Harris, NSF Associate Director for Mathematical’ and. Physxcal
_.--gScxences ‘and . by Martha Krebs ‘DOE Director of Energy Research, to recommend
- an appropriate level of funding for RHIC. operatxons after turnon and _
- commissioning of this new facility for nuclear. science. The letter from' DOE and

-NSF to Hamish Robertson, the Chairman of NSAC, requesting this review is

- given in Appendix A. A Subcommittee of NSAC was then: appomted by Hamzsh
‘" Robertson to: evaluate the costs assaciated: with baseline runmng of RHIC, as well_'_};' Sy

_as those associated with additional options. The membership of the NSAC

- Subcommittee is given in Appendix B. The’ Subcommxttee ﬁndmgs and

_recommendations are expected to be used in formulatmg an NSAC - :

. recommendation to DOE and to NSF regardmg the appropnate level of steady
5 --';3:'state operatmg ﬁmdmg for RHIC . e e

S The Subcomnuttee v151ted Brookhaven Natlonal Laboratory July 17 19 1996 :

' 3_.'_'for detailed discussions with BNL management and staff on the range of i 1ssues '
mVolved in making such an evaluation. The ‘agenda for these discussions is

. givenin Appendlx C. We thank the BNL staff for their excellent preparation. for

- this review as well as for their gracious hospltahty The open discussion of .

. various RHIC operating budget scenarios and i issues was cntxcal in arnvmg at a
.- useful estunate of eventual RHIC operatmg costs ST e

i .It. was. assumed that RHIC operatmn, w1th four expenments 1nstal_led and
i ready to take data, wxll begm in 1999' -C‘_ost est1mates are therefore reported in
"'FY99 dollars ' L - R R it :

o The Subcomrmttee focused on two areas: the accelerator complex
mcludmg the mjectors and the operation of the experiments, including a . -
- proposed dedicated computmg facility and test: beams. . The polanzed-proton and 3
5 AGS ﬁxed—target optlons were also analyzed at a less-detalled level :




: _' A Subcomm1ttee was appomted by the Chan'man of NSAC and charged

. -_'_;'_-_';.mth evaluating the required operating costs for the Relativistic HeavyIon =~ e

" Collider and its associated detectors. The recommendations of the Subcomm1ttee

- will help in_ formulating NSAC recommendations concerning the appropnate

-+ level of steady-state operating: funding for RHIC. The Subcommittee held: : S
- ‘extensive discussions with BNL management and staff; including a 2 l./2 day v151t ST
' to Brookhaven. The Subcommittee findings and recommendatmns are S
.-L_summanzed below All costs and fundmg are. in. FY99$

_..f;-_-Fmdmgs and Recommendatlons e

1. .The levels of accelerator operatmns personnel and fundmg proposed by BN'L for'_'-. 5

- 2 37 weeks/year scenario (346 FTE'’s and $65. 7M) are very plausible. - However, the i

~ Subcommittee believes that there are ways to ‘improve efficiencies which will - '
~allow the accelerator to run'in an acceptable way for 37 weeks a year and wluch g
G would reqmre fewer personnel and resources We recommend levels eof 295 FTE’ L
"-;:.--i-:and$590M S e i Lo

i .2. The levels of detector operatmns personnel and fundmg proposed by BNL for a

37 weeks/year scenario (114 FTE’s and $25. GM) are also very plausible. However e

- the Subcommittee believes that, largely by maintaining responsibility for e

. operation of the large detector components with the user groups that bu11t them 1t it
-+ will be possible for the BNL part of the detector operations funding to be -

: :isagmﬁcantly less than proposed We recommend levels of 101 FTE’s and $23 7M

3 The levels of Department Ofﬁce personnel and fund.lng proposed by BNL for a {
87 weeks/year scenario are 29 FTE'’s and $10.5M. The Subcommittee believes that, =
 with the efficiencies and reductions discussed above in ‘place, it ' will be possible to S
- support and adm:mster the project with significantly fewer personnel and w1th
& somewhat less Tesources.. We recommend levels of 23 F’I‘E’s and $9 2M

e '._jj4. The Subcomnnttee agrees that some test beam tl.me w:u]l hkely‘li‘—ﬁecessary S
_-after RHIC is in full operatlon, to understand and analyze acquired dataand to -
_-upgrade detector performance in the long term. The required test beams. could be i
. provided by the AGS, albeit somewhat expenswely Indeed one can trade off . - 3
- “heavy-ion running w1th RHIC for test-beam running with the AGS. The. pnonty
" for such test-beam running will best be determined when data—takmg has: begun '
. and we recommend that additional funding for test-beam running not be E
identified now.. '1‘1ns~ act1v1ty, when needed should be supported out of the base o
_--ﬁprogram T S :

_. 5 Although not proposed by BNL at tlns tnne the Subcomm1ttee beheves that a
% significant ongoing detector R&D effort will be necessary. This will. hkely be at sl
e . about the $1M/year level and should compete for usual DOE R&D resou.rces | ey :'::.__.




6 Polanzed proton colhsmns, whﬂe not part of the base heavy 1011 progra.m are
_ '_ S expected to be an important part of the physics program at RHIC. BNL. estlmates,_ 5
. and the Subcommittee agrees, that the cost per week of runmng polanzed protons B
e :wﬁl be very close to that of runmng heavy ions. : SR R

o 7 As BNL pomts out 1t should be poss1ble to run a sagmﬁcant ﬁxed-target

L ' program at the AGS in parallel with RHIC heavy ion running, by using the tlme

- between the expected two RHIC fills per day. The annual cost (up to about $17TM) e
- of such a program is not small and the ultimate interest is uncertain at present P

o but this option can be. kept ¢ open for the next few yeai‘s vnthout senous negatwe S

Co ___'u:npacts on the RHIC pro_]ect

o j'_':_8 Comb1mng the baselme categones above (1tems 1 2 and 3) as we]l as Capxtal
- Equipment and AIP, BNL proposes 489 FTE’s and $109 2M for a 37-weeks/year
-scenario. The- Subcommxttee recommends 419 FTE’s and $99 8M for the basehne
S 387 weeks/year scenario. BNL estimates that, if they are staﬁ'ed fora 37 weeks/year
. operation and then run some weeks: less, the total savings in ‘power and other -
.~ expendables will be about: $0 47M/week. The Subcommittee agrees with’ t}us
. estimate. However, if BNL is staffed for a 27 weeks/year operation, some =
- ./ additional savings are possible. The Subcommittee recommends total base oosts
o of $94.1IM for a steady~state 27 weeks/year operatxon ‘These costs are prowded to
.. NSAC to. allow an mformed recommendatlon on the appropnate operatmg level
St for RHIC S e i




| 3 ACCELERATOR OPERAﬂ0N§

The Subcommxttee exammed the operatmns est1mates prowded by BNL in

o ';-.'_'ﬁthe context of a rather bleak funding picture in which most of the major DOE LabS . e

- _j:'-.(mclud.lng BNL) have recently been forced to lay off personnel and the prOJected

 DOE ‘budget for the next several years is not. expected to provide relief. Increased sl

. efficiency is now demanded; ‘basing estimates on previous experience is not

- sufficient and the. Subcomm1ttee probably Judged the estlmates more harshly than

G i '_.they would have three, or even two years ago

T We therefore looked at t:he d1&‘erent areas searchmg for orgamzatlonal
o .-changes that would improve. efficiency. It was immediately clear that the BN'L

" Divisions, notably in insisting on running the two machines from the same
--_control room However, the Subcornxmttee beheves that over the next. few years

_-f:::'and somet1mes also for. only a few ‘weeks per year Operatxons personnel should_
_received. broad—based tranung to reduce the reqmred number of 1nd.1v1dual
Z':.speclahsts G i Lo :

Lookmg at SpEClﬁc numbers of personnel the Subcomnnttee found that

management has already made. -great strides in consolidating the AGS' and RHIC ;:'fﬁ_f :::

o .".":_."i"Management (5), Operations (25), and Controls (41) were about right. For steadjr'-. : :

“state operation of the machines, when construction and initial commxssmmng
are complete, we believe that 20 accelerator physicists are too ‘many and

_integration should lead to major reductions.” The proposed Source group of 6,

- reduction of 13. The combined number of staff in Cryogemcs (proposed 29),

- Electrical (proposed 54), Mechanical (proposed: 75) and magnet repair (proposed
- 30) for a proposed total of 188 should be reduced to 160, a reduction of 28. This

" 'by encouraging cross-training where feasible. In the same spirit of exchange of

'proposed Instrumentatlon group should be reduced by 1 to 18..

These cuts Iead to a total reductmn from the proposed staﬁng levels of the

e _ﬁ R The Subcomnnttee made no cuts to the R&D Cap1tal and Accelerator
R "’;i-’.Improvement budgets as we strongly believe that the personnel cuts that we
. recommend can only be achieved if AIP funds are devoted not only to i 1mprovmg
. performance, but also to improving efﬁc1ency This aggressive program of

S -':_.'_'1mprov1ng efﬁc1ency needs to be pursued now in. order to reahze the personnel

~recommend a reduction to 13, The combined injector areas was one arena where e

. Tandem group of 11 and Linac group of 9 fora total of 26 should be reduced to 13 a

- could be achieved by exchange of staff between groups to cover peak demand, and
~ staff, the proposed RF group of 22 should be reduced to 20, a reductmn of 2 and thef'

o - ; :Accelerator Facnhtles 'B1v1s1on and Magnet Sect1on of 346 (316 + 30) to a level of 295.'_'




| 'savmgs 1n the steady»state cond1t1on o

The Present mJectmn schemes used to ﬁll the Booster feature some. SYstems e
. ':wh.xch are antiquated, manpower intensive, and expensive to maintain if they are
L to satisfy only the needs of RHIC. The Subcommittee recommends that high
~ .. priority be given early in the operatlng phase to identify alternate schemes wh.xch
. could be implemented with ATP or other capxtal funds and which would be overall_.';i_'
i '_-‘cost-eﬁ'ectwe when amortzzed over the many years Of PTOPosed °Perat1°n |

i One key dnver in. the Magnet Sectlon costs is: the rate of fallure of the _' s
'-_-‘:superconductmg magnets, which is of course unknown at present. BNL's =~
. proposal seems. appropnately conservative on this score, but experience may show._:i: G
" ‘a failure rate less than what is Planned for Tlns 1ssue should be rews1ted aﬁ:er a

':f'few years of RHIC operat;on SR S :

SR The 1mtxa1 RHIC heavy-lon program w1ll be carned out usmg two large
{ "__':_-detectors PHENIX and STAR, and two smaller detectors PHOBOS and.
. BRAHMS, The costs which were presented and. analyZed in detail are for a yearlygr_'_l
- program of 37 weeks of. heavy ion. operatxon xl\xlmludmg on and off-line. computmg)
. after the expected period of - comm1ss1on1ng 0 research FTE s, detector e
’f;upgrades or detector R&D are mcluded in these costs G

e RHIC detector operatmns at BNL are expected to con31st of three
'---_--‘-'_'-'-'__'components an experimental facility support division (47.5 FTE's proposed by
. BNL) which will provide basic. infrastructure support, centrally managed pooled i
- resources, and which will be closely tied to accelerator operations; a number of - -
‘detector operations groups (56.5 FTE's proposed by BNL) which:will provide - _' e
'_':i:'j.___.'detector-specxfic technical support and maintenance and which will be. closely tled_.':_ e
- to the experimental research program; and a RHIC computing facility wh1ch wﬂl et
. bea centrally-managed pooled resource dedicated to the data. recordingand
‘analysis requirements of RHIC experiments. For this last component BNL
_proposes 34 FTE’s, of whom 18 FTE’s would be funded by expenmental operatxons S
The proposed total budget for detector operation mcludmg power is $23 5M SR T
'.f_a.nnually plus $2 2M annually of cap1tal eqmpment _

i _...The Subcommlttee cons1ders the sta.ﬁing levels for the computer center (at i
“least as currently envisioned) to be appropriate. The professmnal/techmcal
" support requested is very close to the appropriate level, as detailed below. We
. believe that the proposed total size of the resident core operations groups for the
- large detectors is appropnate ‘but recommend that a smaller fraction of this
- group be supported by operations funds at BNL. 'Having BNL staff responsible. for-" :
~ operational support may provide modestly 1ncreased ava11ab111ty to the nuclear
- physics community, but will necessarily dJrect resources to the Laboratory from
e the nuclear physxcs commumty at large S SR




Lot The Subcomnnttee recommends a reductlon in the number of proposed

;--_f_-personnel devoted to. experimental operations of 13 FTE's. ‘Specific areas that

" . -should be looked at are the numbers of mechanical technicians assigned

- exclusively to shift technical support and the number of Ph D F‘I‘E s supported by g
L '.f-the RHIC operatlng budget s _ ST S i

s The Subcomm1ttee supports the expressed need for sh1ft techmcal support o
_ to prowde continuous monitoring of experimental areas, quick response to G
-alarms, fast repairs, and routine maintenance chores. ‘However, we beheve that i
 these functions could be provided dunng the day shift by some of the other '
'_.-;'-'_tech.mcrans ass1gned as expenmental area techmcal support thus savmg 3

L :'-;-"The Subcomnnttee further recommends that BNL personnel not take on_
_'_techmcal responsibilities for systems they did not build. User groups should
“retain responsibility for their subsystems and provide operational support for.
‘those subsystems throughout the period of operations.. The MOU’s of these groups
.. should be modified to reflect these responszblhtres University groups should s
. realize that if BNL personnel take major. respon51b1hty for these functions, = =
- resources will not be available to fund ‘university manpower. The Subcomm1ttee
“believes that the responsibilities and manpower should remain with the groups
that constructed the subsystems. The recommended number of expenmental
- group FTE’s supported by the RHIC operating budget represents a. m1mmum to
5 _?mamtam adequate detector eﬂic:lency to effect1ve1y use the colhde:r e -1

= 'I‘he requested annual cap1ta1 equlpment fundlng is. $2 2M of WhICh $1 2M f'
“"'-;-'ennuaily is for the RHIC computmg facility. This is a’ minimal amount: for an '

- experimental program ~of this scope. The detectors can’ probably live with a o
-scenario which has every upgrade specxﬁcally requesting new funding. However
‘it is questionable whether the computing facility can function with this level: of
_capital. fund.mg once the computers start to be obsolete An addxtmnal $0 5M

'_'_annually is expected to be necessary il _

i No contmumg R&D funds were requested for future detector upgrades
'-'-.-andlor replacement. ‘An R&D program with annual funding of at least $1M . can
“be expected to be needed. This should come through the usual competltlon for
_,;_R&D funds from the DOE Program Ofﬁce L e _ i

EPARTMENT OFFICE

The RHIC Department Oﬁice wﬁl be respon51ble for ad.m:tmstrahon and e
- ?f_ -over51ght of the RHIC facility.  Certain overall costs for RHIC operation, such as L
- space charges, are assigned to this office. BNL proposed a total of 29 FTE s for the
Department Office. With the reductions of personnel in the Accelerator ' =
'Operatmns and Detector Operatlons Sectxons d15cussed above, _we beheve 1t W111 be L




;.posmble to admlmster and support RHIC operatlons w1th mgnlﬁcantly fewer
o ;:-personnel We recommend 23 FTE’s for th.:s oﬁice f S

.';BNL proposed AGS test beam operatlon of 10 weeks annually In th1s _

i '-;s_cenano ‘2 beamlines would: operate pnmanly for STAR and PHENIX, with TR e
. smaller: expenments moving in and out as needed. The available beams Would be ST

. -protons, heavy ions, and secondary beams of electrons ‘pions, and kaons Slow

extraction from the AGS would be required. ‘This test beam' ‘program was -

-_estxmated by BNL to cost an addxtmnal $2 9M and requxre an. addltlonal 10 FTE s

- The Subcomzmttee questloned the expenmental groups and d.ld not ﬁnd a
S '-"strong need for an annual test ‘beam program of 10 weeks. ‘The expenmental L
- groups stressed the need for: some ava11ab111ty of test beams; and'the = .
- Subcommittee strongly concurs. Test beam avazlablhty for detector performance

. studies following first data analyses and. test beams in support of detector
"_.-'_:;'_upgrades and eventual new. ‘experiments are crucial, Proton; heavy ion, and
* meson beams will be used, so slow extraction from the AGS will be required.
- However, a need driven’ epxsodxc program, scheduled on'an annual basis was et
~ found to be more. appropnate than the proposed annual 10 weeks Estu:nates of the_'j_'
'needed run lengths are: in the range of 4 6 wbeks S i

e 'The Subcommttee beheves that a s1gmﬁcant need for test beam capab1hty _
will exist. ‘However, it should be on an as-needed basis. No additional fundmg or :
dedicated. manpower is recommended at this time spec1ﬁcally for test beam =
'o_peratlon Thls acthty, When needed should be supported out of the base i

1 Pommzsn PR N OPERATION

o The spm physms program at RHIC w111 use polanzed protons and both the

':PHEN]X and STAR detectors. In order to retain polarization throughout the ..
. acceleration process a partial Siberian snake has been installed in the AGS. and
" two full snakes will be installed in each RHIC ring. Spin rotators will also be -
required to obtain longxtudmal spin. direction at the collision’ pomts Vanous-'--
; __:polanmeters are requn'ed to measure. the beam polanzatmn o

The lunnnosxty expected for proton-proton colhsmns decreases from about
'. _21*:1032 cm?s? at +/s=500 GeV to 3x10” cm?s? at +/5=200 GeV. Itis ‘proposed to use L
"'-"_.polanzed beam for all p p running at- \/— -200 GeV such p-p colhsmns will be i
_required in any case as part of the heavy ion program This polanzed proton S
" running will provide information on the parton spin structure using the. Dreli- :
'?__Yan process and du'ect photon productlon However, to get reasonable count ratesf i




o0 " and Zpraducton s necesary toaperte at 45500 GV this ol energy

~ operation would be supplementary to requirements of the heavy ion program. = .

. The construction and installation of the Siberian snakes, spin rotator, =~ =~
- polarimeter and spin flippers in RHIC are funded by RIKEN (Japan) as part of an'
- . agreement between RIKEN and BNL. This also provides for a second muon arm =~
- for the PHENIX detector. It is also expected that RIKEN will provide about =~ .
- 0.BM$/year as a maintenance contribution.- The Subcommittee estimates that the' =~
- cost of operating the RHIC facility per unit of time for the spin physics program =
. differs little from that for the heavy ion program. There is some small increase in

- power consumption, an increment of 0.5 MW, for Vs=200 GeV operation. To =
 retain the polarization option some additional expertise will have to be retainedto

- maintain the polarized source, polarized targets and polarimeters. The . . = .

- Subcommittee estimates that these specialized requirements would add about 4

_ FTE's. Other requirements for power supplies, controls and cryogenic support .
_ ereseentobe within the scope of the base program.  ~ ©

- . The Subcommittee has estimated the optimum average yearly operation of
- the facility to occur somewhere close to 37 weeks per year. Ifthe p-p collision.
- running at /s=200 GeV required for comparison running by the heavyion =~

~ Program s carried out with polarized beam, this will cover some fraction of the

~ spin physics program. Running at Vs=5001GeV would require additional funds =~

. or a redirection of resources from within the base program.

. Insteady-state operation of RHIC it will be possible in principle to havea

. significant amount of fixed target running at the AGS, as the time required for

. filling RHIC is expected to be only several hours a day. The incremental costs will

. come from increased power consumption by the AGS plus an amount which =~

- depends fairly directly on the number of beam lines operated. Full operation of
- external beam lines is estimated to cost $17.4M. At this time it is uncertain how

-much scientific priority will be placed on such a future fixed-target program, and”

by which communities, so this is clearly not part of the RHIC base program.
- option of AGS fixed-target running after the turn-on of RHIC. This shouldof - =~ '
- course be done without negatively impacting either the RHIC schedule or costs.

- taken in the future. At this time the Subcommittee believes that BNL = =~ = -

... managementis at least roughly correct in its estimates of the cost of such a fixed-
.. target program. The Subcommittee does point out that the effective running time

- for fixed target experiments will likely be significantly less than 2 RHIC fills/day =
. would indicate, as experience with colliders shows that many fills do not last the ~




A Table 1 contams the Subcommxttee recommendatmns for personnel and S
o fund.mg levels for baseline RHIC operations. In addition, our recommendatmns i
. for test beam operation and Detector R&D are shown. It should be. emphas1zed

that these recommendatmns are for 37 Weeks of operat:on in FY99$ S :

o It is nnportant to understand what the correspondlng numbers would be SR
e 'j-for other levels of operatlon .BNL management estimates (and the. Subcomrmttee.; e

~ dgrees) that the derivative in’ power and other expendables around a. 37-week oo
- 'scenario is about $0. 47M/week of operation. Therefore, for example, if one staﬁ'ed L
 for a 37-week operation and then ran only 27 weeks, about $4.7M would besaved, - : -~
: _=I_-Iowever it is clear that if one plans on a 27-week operatmn for a number of years_'j-" e e
-the size and organization of the staff may be different and additional savings. may B e
“be possible.. BNL has evaluated a long term 27-week scenario and estimatesthat =~ .
- this would require total operating costs of $160.5M. This is to be compared to. the :

" BNL estimate of $109.2M for a_ steady-state 37-week scenario. BNL believes that
. the cost difference between a 37-week scenario and a 27-week scenario will be o
o '.'jjcons1derably less if one accepts the Subcom: ittee’s estimate of $99.8M for 37
. weeks.  The argument for this is that the sif:;!f size will be sufﬁmently reduced

. already for 37-weeks such that mg‘mﬁcant additional cuts in staff would 1mply
*+ 7 unacceptable risk of fallure BNL suggests only savmgs of power and expendables_
o (84 7M) Would be poss1ble S : . B

S 5' ;The Subcomm1ttee accepts the bas1c arg‘ument put forward by BNL but L

7 believes that some modest additional personnel savings would be poss1ble We S
'-{’-’recommend a level of $94 1M for a steady-state 27-week scenano

The 37-week and 27-week recommendatlons along w1th the power and L

e f'-".:fexpendables component alone, should be sufﬁment for: NSAC to understand the Hetes

operatmg costs of RHIC in a range of runmng scenanos '




' SummaryofPersonneland o
Flmdmg Recommendatlons for 37-Week Operatxon o

f' f'-_Accelerator and
i Magnets

_':_.-'Detectors and
- Computmg

_'."'::'Accelerator R&D
S Equxpment S

_J{._Detector Cap1ta1
s ?-;_ Equlpment

'. b____"i-_?'I‘est beams :

| ':.;._Detector R&D




+ - The RHIC program of heavy ion collisions represents an extraordinary = =
~opportunity for nuclear science and for the nation. It is critical that RHIC have
_operating resources sufficient to perform the high priority physies program =~
- which we all await with great anticipation. However, it is also true thatthe =~~~
- ' community and the funding agencies must be very careful not to unnecessarily |

~ crowd out other high-quality efforts in nuclear science in these stringent funding =~
- steadystate funding costs for the RHIC base program and additional options, The *
~ Subcommittee found that the budgets proposed by BNL were well planned and .~
- clearly presented. It is also the case that BNL has made significant progressin = -

.+ reduding certain costs, such as power.  To evaluate the BNL budgetsthe =
. - Subcommittee looked in detail at the personnel and resources proposed for the
- various tasks. To arrive at the best estimate of future operating costs it was
.7 ‘necessary to work at this level of detail. However, it should be clear thatthe =
~ optimal number and organization of personnel will be determined in the future by

o ‘those who have to operate the accelerators and detectors with fixed resources. . -

- The Subcommittee understands that the roughly 10% reduction we -
. recommend from the BNL proposal will entail some additional risk for overall
~ RHIC operations. We believe that this lével of risk is appropriate and acceptable.
 but it does assume that sufficient capital and improvement funds will be avallable
- to allow BNL to make efficient use of the reduced manpower recommended, We =

also assume that the RHIC user community can and will provide dedicated and
. trained people to assist in the operation of the experimental program.

. Byproviding a detailed evaluation of costs for a steady-state 37 weeks/year

_ operation and a solid estimate of the cost-savings involved in a steady-state 27 - -

. weekslyear operation, the Subcommittee believes that this will allow NSACto = i
. understand the base costs of operating RHIC for the amount of time/year deemed . - -




"-73; APPENDIX ATT

. Department of Energy_
Washmglon DC 20585 _:

._;ijProfessor R G Ham1sh Robertson i _
f;ﬁ;DOE/NSF Nuc1ear Science Adv1sory Comm1ttee'”

.. University of Washington -

'7*IQT_;Seatt1e, Hash1ngton 98195 }FT

;fDear Professor Robertson

f;The Relat1v1st1c Heavy Ton Collioer (RPIC) eonstructio 'pro1ert ds
~scheduled to be completed in June 1999. At that time the initial =
“‘complement of detectors: funded within the proJect, as ‘well as ‘some
“-components of RHIC additional ‘experimental ‘equipment, as reV1ewed Bk
and recommended. by the Nuclear Science. AdV1sory Commlttee (NSAC), S
“.should ‘be ready to begln data acquisition.  RHIC will therefore be*j,,.;_gj,r
“~available for commencing its research program soon after the - S
“construction project is: comp]ete The expanded capability of
“colliding polarized protons, funded by the Japanese Science. and
“Technology Agency, with the opportunity to pursue a RHIC sp1n
phys1cs program shou]d fo11ow shortly thereafter. : :

ﬁf;;lt is therefore t1me1y, for its planh1ng. that the Department of -
. Energy (DOE) revisit and update its assessment of RHIC's operat1ng“yt;
. funding requ1rements.; Yo assist in this important task, NSAC is =
-~ requested.to arrange for a review and analysis of RHIC's operatlng,._v{
oo funding requ1rements, and to. provide a ‘recommendation to DOE and =
"= the National Science Foundation on the approprxate 1eve] of steadyajgg_
‘”glstate operating fundtng for RHIC i IR gy R

;iBrookhaven Nattonal Laboratory is propos1ng a RHIC operatin
* funding level which includes all funding required for faC1lity _
~ operations; including accelerator operations, ‘operations support

- for experimental areas and off-line computing, and Accelerator -~
- Improvement Project and Caplta] Equipment funding required for thefgﬁi_
maintenance of the facility. It is important to examine the: . .- .= =
~operating funding requirements in detail to understand what wtllifrfewﬁ'“-
“be required to take’ full advantage of the new research e
opportunities at RHIC.. At the same time, the actual RHIC L
. operating level must be’ determined in. the: context of the: fundingig
. Jimitations -that are foreseen in. the next few years with1n the e
;}Nuclear Phys1cs program e R e

R '@'-.Pm;-_m_w'-iniwﬂ_onceﬁdgqo;péé_-_-;-;_ '




a;Proposed funding for in—house research Capitai Equipment.for :
-upgrades of the initial complement of detectors and off-line - G

sl {computer system, and. maaor accelerator upgrades ‘may be- presented
“‘in addition to the base program. - The RHIC facility complex will

" {n addition to its primary mission of nucleus-nucleus colliding -

w7 ion beams: for fixed. target: programs and colliding. polarized proton.
- beams in RHIC. . These other research capabilities and their costs;j
- "should be considered as additions to the base RHIC program and =
" each should be commented on separately within your report. - *.i-;

Results of previous reviews and the. priorities of the Long Range

Q;Plan should be taken into account in your deiiberations...,.-:,“__ﬁ::

" In order to properiy prepare for. RHIC cperuting funding needs,f;;gfﬁV

- '5'§Zi.-.j'b.v August 15, 1995»&'5-

;-Martha A Krebs + :
Director b s
~Office of Energy Research:;y*_ .
HUS. Department of Energy i

Iifinlliam C. arrist

- Assistant irector R
-?aJDirectorate for. Mathematical
o and Phy51cal Sciences :
=?“1Nationa1 Science Foundation

" have the flexibility to provide various capabilities for: research ﬁffﬁﬁz'"

" beams; notably, Alternating Gradient Synchrotron proton and: heavy i

" 'the DOE requests NSAC's recommendation on. this important issue;},{:z:fnh'




Rlch Orr (Chan'man) f'?;: o
Ferm1lab Renred

"_fll_:'Robert P. Redwme (Vlce-Chaxrman)
- '-Massachusetts Instltute of: Technology

S :'3.'.'J0h11 M Cameron N S
e :_"_:_-'_Indlana Umversxty Cyclotron Facxhty

s _':'-Thomas Jefferson Natmnal Accelerator Fac1hty Lo

"._.:_'::Barbara Jacak S
. Physics Dlwsmn R :
3_,_Los Alamos Natmnal Laboratory
é._-z‘Jerry Nolen . G _
n f_.:;'-:Argonne Natmnal Léb.oratory

.":'i'Denms Thenot S .‘__
'._Fermllab Retu'ed L
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-"'-NSAC bub l’am.l Rwu.w

B ol' the _ SH
S '}f-l{lllC l‘auhly Opcl alwns Cust

L Collldcr C'cnler, Bldg 10058
e DNL _: Ll

Jul) :7-19 1996

R -:.; Wednesday,.luly 17, 1996 _ S
A (er Floor Conf‘erence Room Colhder Centcr)

_ 830 -’-_‘_“ Welwme : N P S:muos
8 45 am .':__;_:."._‘.:-;-Qverwcw and Melhodoluby ;'- :.: ’I‘ Klrk IR :
F -' ;'."9 30 am..:._:':"_;';._ff._Acceleralor I'auhly Operauons Mudc _.5.: :_.'__M,_I-I_arrinspn : ::_'.;___'3:';.' o
: 10 30 am. Break | : S e |

"j:f ll 00 am . ;_Tour uf llle 1 ac:luy

i 12 30 pm'_:.-;".'.':'-.'-_3Execuuve Lunch = - SR L i
L - (4th Floor Conf‘erence Room Comder Center) S

| -'-'_'.:1;3_0_3pm_:'-"' -'-;'f""-"'f'Acceleralor l*amluy Operalmns Cosl e D Lowenstem
=

: _Experuuenlal Operauons 0vemew T Ludlam

R T .:::-Infrastruclure& Small ].‘.xpeumenls
_:,:_ 4 00 pm - '._'--Pm:le Operatlons s S Aronson | .
 430pm  STARO Operations T Halman _?f-j .f: i

; 500|Jln ..:_'I_:lUllC Compulmg l auhly Operauuns:f?f:':.ig :...":"IZI_B Glbbard

530pm Summary oI' lhe Baselme Operauon s Ozak:

:i':.':'l'llursday, July 18 1996 BRI L
i (3rd Floor Conference Room Colllder Center)

8 00 am l.‘.xecuuve Sesslon

o .':"_3‘5-1_Polanzed Prolon Operahons :‘ T Roser ' L

F' xed Target Physncs Usmg AGS Beams } . __'.D Lowenslem

(Cont’d):__: : foni




_'-:ff-:_:?_-_mursday, July 18 1996 (cont’d) o

""3::_'1__0 OOam S Small Group Dlscussmns.____. SR :

i U Accelerator Operauons 4lh Floor Conference Room -

- Detector. Operations - 3rd Floor Conference Room . ¢ i e

_ T TCSt Beam& leed-Target Ops - AGS Small Conference Room G

.' ;_121.'.(."0?."'.‘...'-.-'__E.IExecullve Lunch S : e SR B
o s o .:(4th Floor Conferenc.e Room, Colhder Center)

R : Acceleralor Operauons 4th Floor Conference Room e

_ Detector Operations - 3rd Floor Conference Room e

R e RHIC Compuler Cenler Operallons 3rd Floor Small Conference Room.'. L

- leay, July 19, 1996 SECL e
o (3rd Floor Conl'erence Room Coll:der Cenler)

I_ '_ 8 00 am Execuuve Sess:oanePon‘. Orgamzatson e
12 00 pm i .:_Workmg Lunch oo
..-.':3._':':.2 30 pm | ":'_'Closeout o

' '3}:-_3 30 pm |

Adjoum :: :




