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http://www.fnal.gov/directorate/program_planning/schedule/

2010-2011 Fermilab Accelerator Experiments Schedule

This schedule will be updated regularly, as plans change.

Calendar Year 2010 2011
CDF CDF OPEN
Tevatron
Collider
DZero DZera OPEN
B MiniBooNE MiniBooNE #
Neutrino MINERvA MINERVA
Program | MI | ArgoNeuT
MINOS MINOS
MT Test Beam Test Beam
SY 120 |MC OPEN OPEN
NM4 E-906/SeaCluest E-906/Sealuest

Draft 2010-13 Fermilab Accelerator Experiments' Run Schedule

Typically Revised Annually - This Version from June, 2010

January 21, 2011

Calendar
len 2010 2011 2012 2013
Tevatren | one g prero CDF & DZero OPEN OPEN
Collider
B MiniBooNE MiniBooNE # MicroBooNE
R — MINOS MINOS OPEN
Program | MI MINERvA MINERVA MINERvA
ArgoMNeuT
NCwA NOvA
MT |Test Beam Test Beam Test Beam
SY 120 |MC OPEN OPEN OPEN
nm4 | E-906/SeaCuest E-906/Sealuest

E-906/Seauest




Fermilab E906/SeaQuest timeline
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NM4 hall (ex KTeV hall) & magnets

January 21, 2011
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Vacuum vessel

January 21, 2011
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Introduction

Transverse-spin asymmetry measurement
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— Theoretical development to understand the
transverse structure of the nucleon
 Sivers effect, Collins effect, higher-twist effect, ...
e Relation to orbital angular momentum inside the nucleon



Introduction

e Transverse structure of the proton

— Transversity distribution function
— Correlation between nucleon transverse spin and

transverse spin

— TMD distribution functions

e Sivers function

— Correlation betwee
transverse moment

e Boer-Mulders function

— Correlation betwee
transverse moment

1 nucleon transverse spin and
um (k)

unppolarized

longitudinally-

arton

arton

N parton transverse spin and pgrtpn
um (k)

tiajsversely-

parton polarized parton | polhrized parton
: T
unpolarized nucleon fi hy
longitudinally-polarized nucleon 7 g1 v hit
transversely-polarized nucleon fim a1 hi,|hir

Leadin(gztwist transverse momentum dependent (TMD) distribution functions y
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sin (q)h - q)s)

ut

Sivers function

Single-spin asymmetry (SSA)
measurement

— < 1% level multi-points

M. Anselmino, et al.
EPJA 39, 89 (2009)
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- :

= U-quark Ko

v // . “.“ “

Z(] 002 A\ s

x e .

= 0
measurements have been done for RN
SSA of DIS process RN

0.6
e Valence quark region: x=0.005-0.3 S os o 0s 0s
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Single transverse-spin asymmetry

e Sijvers function

— Correlation between nucleon transverse spin and parton
transverse momentum (Sivers distribution function)

— Related to the orbital angular momentum in the proton
(and the shape of the proton)

 “Non-universality” of Sivers function

— Sign of Sivers function determined by SSA measurement of
DIS and Drell-Yan processes should be opposite each other

JcSi-ue;*“S(I' '[fJ_)‘DY _ _f.‘:?-f.-t.re-rs(._I_.‘ }(].,_ )‘DIS‘

e final-state interaction with remnant partons in DIS process
* Initial-state interaction with remnant partons in Drell-Yan process

— Fundamental QCD prediction
— One of the next milestones for the field of hadron physics



Future polarized Drell-Yan experiments

wperimens | parides | arery s o2 aminosty

COMPASS

COMPASS
(low mass)

PAX

PANDA
(low mass)

J-PARC

NICA

RHIC PHENIX
Muon

RHIC Internal
Target phase-1

RHIC Internal
Target phase-2

January 21, 2011

mt+pT
i+ pT
pT + pbar
pbar + pT
pT+p
pT+p
pT+p
pT+p

pT +p

160 GeV
Vs = 17.4 GeV

160 GeV
\s = 17.4 GeV

collider
\s = 14 GeV

15 GeV
\s = 5.5 GeV

50 GeV
Vs = 10 GeV

collider
Vs = 20 GeV

collider
Vs = 500 GeV

250 GeV
\s = 22 GeV

250 GeV
\s = 22 GeV

x2=0.2-0.3

x2 ~ 0.05

x1=0.1-0.9

x2=0.2-04

x1=0.5-0.9

x1=0.1-0.8

x1=0.05-0.1

x1=0.2-0.5

x1=0.2-0.5

2 X 103 cm2s?

2 X 1033 cm2st

2 X 1039 cm2s1

2 X 1032 cm2st

1035 cm2st

1030 cm2st

2 X 1032 cm2s1

2 X 1033 cm2st

3 X 103* cm2s1
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Polarized Drell-Yan experiments at RHIC

“Transverse-Spin Drell-Yan Physics at RHIC”
— http://spin.riken.bnl.gov/rsc/write-up/dy_final. pd;f _______________________________________________________________
— Les Bland, et al., May 1, 2007 2L ¥ - E?Jﬁi'an?vﬁfm
— s =200 GeV q

— PHENIX muon arm s T AV

— STAR FMS (Forward Muon Spectrometer) S i

e PHENIX
= STAR

0 05 1 15 2 25 3 35 4

photon rapidity y

Discussions at PHENIX and STAR underway in their decadal
plan discussion with their upgrade plan

Two new Letter-of-Intent submitted to BNL PAC
— Collider experiment dedicated to the polarized Drell-Yan experiment
* “Feasibility Test of Large Rapidity Drell-Yan Production at RHIC”

— Fixed-target experiment

e “Measurement of Dimuons from Drell-Yan Process with Polarized Proton
Beams and an Internal Target at RHIC”



Collider experiment Lol

e http://www.bnl.gov/npp/docs/pac0610/Crawford_Lol.100524.v1.pdf
Letter Of Intent

Feasibility Test of Large Rapidity Drell Yan Production at RHIC

E.C_Aschenauer, A. Bazilevsky, L.C. Bland, A. Gordon, Y. Makdisi, A. Ogawa, P. Pile, T.C.
Throwe
Brookhaven National Laboratory, Upten, NT

H.]. Crawford, J.M. Engelage, E.G. Judd. C.W. Perkins
University of. California, Berkeley/Space Sciences Laboraiory, Berkeley, CA

A. Derevshchikov, N. Minaev, D. Morozov, L.V. Nogach
Institute for High Energy Physics, Profvino, Russia

G. Igo. 5. Trentalange
University of California, Los Angeles, Los Angeles, CA

M. Grosse Perdekamp, A. Vossen
University of Illinois, Urbana-Champaign, IL

M.X. Liu
Los Alamos National Laboratory, Los dlames, NM

H. Avakian
Thomas Jefferson National Acceleraior Facility, Newport News, I'A

January 21, 20 24 May 2010
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Collider experiment Lol

IP2/DY—Run13

Pb Converter

PFE—ShDWEFﬁg

MWPC —>

Znd Pre—5Shower

X
FiberTrackers
/N
PhobosMagnet
100 cm

ELN /

—

i di
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Fixed-target experiment Lol

e Measurement of Dimuons from Drell-Yan Process with
Polarized Proton Beams and an Internal Target at RHIC
— http://www.bnl.gov/npp/docs/pac0610/Goto_rhic-drell-yan.pdf
— Academia Sinica (Taiwan): W.C. Chang
— ANL (USA): D.F. Geesaman, P.E. Reimer, J. Rubin
— UC Riverside (USA): K.N. Barish
— UIUC (USA): M. Groose Perdekamp, J.-C. Peng
— KEK (Japan): N. Saito, S. Sawada

— LANL (USA): M.L. Brooks, X. Jiang, G.L. Kunde, M.J. Leitch, M.X. Liu,
P.L. McGaughey

— RIKEN/RBRC (Japan/USA): Y. Fukao, Y. Goto, |I. Nakagawa, K. Okada,
R. Seidl, A. Taketani

— Seoul National Univ. (Korea): K. Tanida

— Stony Brook Univ. (USA): A. Deshpande

— Tokyo Tech. (Japan): K. Nakano, T.-A. Shibata

— Yamagata Univ. (Japan): N. Doshita, T. Iwata, K. Kondo, Y. Miyachi

January 21, 2011 23
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Experimental sensitivities

PYTHIA simulation

— s =22 GeV (E,, = 250 GeV)

— luminosity assumption 10,000 pb-1
* Phase-1 (parasitic operation) 10,000 pb-
e Phase-2 (dedicated operation) 30,000 pb-!

—45GeV<M  <8GeV
— acceptance for Drell-Yan dimuon signal is studied

- all generated
- dumuon from—>»
12000 Drell-Yan

14000

10000{
8000 [
6000
4000
2000 [

y

llI"I‘\Illlllllll\\llll“ﬁJ_l_ll_lJI_lJJ

ol
25 2 15 1 05 0 05 1 15 2 25
rapidity




Experimental sensitivities
e About 50K events for 10,000pb-1 luminosity

Mass
(GeV/c?) Total

Rapidity 45-50 50-60 60-80 45-80
-04-0 3.1K 3.1K 1.4K 7.6 K
0-0.4 6.2 K 6.1K 3.0K 15.3K
04-08 7.6K 6.4 K 2.3K 16.3 K

0.8-1.2 44K 2.5K 0.4 K 7.3 K
X,: X of beam proton (polarized)

° - .
X Cq“\){erage. 0.2<x<0.5 X,: X of target proton
: ® 15 22
1200; 0_95_ .-2("
- 0.8¢- st
1000: ok on 12
800| o_ei— i 141
i 0.5 =12/
600| - —101
B 0.4
- - —80
400 — 0.3 — ..
i 0.2 o
207 o »
gLim 03 03 04 05 0607 08 b8 ©

J Ll ‘ Ll I I ' | Ll : 111l ‘ Ll { L1l | L1 | | L L
0 01 0.2 03 04 05 06 0.7 08 09 1 x1
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Experimental sensitivities

Phase-1 (parasitic operation)

— L=2X%X1033 cm3s1

— 10,000 pb? with 5 X 10° s ~ 8 weeks, or 3 years (10 weeks X 3) of
beam time by considering efficiency and live time

Phase-2 (dedicated operation)

— L=3X%X10%* cm3s1

— 30,000 pb! with 10° s ~ 2 weeks, or 8 weeks of beam time by
considering efficiency and live time

Measure not only the sign of
the Sivers function but also
the shape of the funcion

zb.14 —Theory calculation:
0_12:_U. D’Alesio and S. Melis, private communication;
- M. Anselmino, et al., Phys. Rev. D79, 054010 (2009
0.1
008 e
0.06:_ lllllllllllllllllllll
: | I l
0.04—
: o
0.02 | e
- [ [, { gt YT l
(I S S B S i Sl
-0.02;— e 10,000 pb! (phase-1)
0.04F ® 40,000 pb! (phase-1 + phase-2)
L 1 L I | L L | L | L I L L L | L | L I L L L | L | L I L L L
04 0.2 0 0.2 04 06 0.8 1 1.2

rapidity



Summary

Polarized Drell-Yan measurement
— The simplest process in hadron-hadron reaction
— But, not yet done because of technical difficulties so far

Sivers function measurement in the valence-quark
region from the SSA of Drell-Yan process

— Test of the QCD prediction “Sivers function in the Drell-Yan
process has an opposite sign to that in the DIS process”

— Milestone for the field of hadron physics

RHIC
— Existing collider experiments (PHENIX/STAR)
— Two new Lol’s — collider exp. and fixed-target exp.

— Internal-target polarized Drell-Yan experiment at RHIC
e 250 GeV transversely polarized proton beam, s =22 GeV
* Dimuon spectrometer based on FNAL-E906 spectrometer

Measurement not only the sign of the Sivers
function, but also the shape of the function feasible
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Snipping St.3+ Chamber from Japan
to Fermilab

e Concerns

— Heat expansion of the metal parts
e Requirement on the specification document: 10 deg. to 40 deg. in celcius.

e The package was covered by “PROTECT SHEET” to prevent heat and
humidity indide.

— Gas expansion due to pressure drop in the air
* May cause breaking of the window sheets.

* |Inner volume of the chamber can be ventilated through the gas
inlets/outlets.

— Shock
e The chamber was laid down on a flat base with shock-absorbing forms.

* “Shock wathch” and “Tilt watch” were on the surface of the package to
warn workers to handle it carefully.

— Threshhold of the “Shock watch” was 80G/50msec (Morimatsu L-47).



Shipping document (RIKEN, July 2, 2010)




Shipping document (Fermilab, July 20, 2010)




Shipping: Result

RIKEN to Narita  Narita to ORD

(truck) (air freighter)
140 l_*ﬁ/_\_/\/x/_\_/\/ﬂ/\_/ﬂ/‘\/_\_)/\,/\_,_\L 280
120 | - -, ff’;\ - &
100 e 4 oY

WYZEMG)

ORD to

Fermilab (truck)

G-MEN BIESERAE 7 - GMENT —A202 20100721 085427 etr

Stored near Narita
"1 with air conditioning
60

4n

Stored near ORD without air conditioning

320
40
r 200
160

120

774
00:00:00
/6
00:00:00
/8
00:00:00
il
00:00:00
7412
00:00:00
1414
00:00:00
1716
00:00:00

*  No wire breaking, no damage on the windows.
*  Temperature: stable, 19.6 (in aircraft) — 29.4 (near ORD) deg. (C)

118
00:00:00

el
00:00:00

fid

s}

42

40

2

24

RECC) DE

e Humidity: low around 20%. Spikes in the aircraft may be due to gas flows caused by pressure change.

e  Shocks: 4.080G on the way from RIKEN to Narita, 4.821G at Narita, 5.770G at O’Hare. Acceleration was

detected mainly for the vertical direction.
January 21, 2011
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Projected Ready Comments/Issues

ogrets — [wianne |

Absorber wall Needed before Support Structure for 3 and 4




Fermilab E906/SeaQuest timeline

e Commissioning with beam from October 2010
— Understand Beam

— Check detector gains and thresholds with minimum
ionizing particles

— Set detector timing
— Set trigger timing
— Measure rates in a systematic way — multiple KMAG fields

— Take data to align spectrometer — KMAG magnet on and
magnet off

— Take data to study trigger matrices
— Exercise DAQ and analysis chain

e Phsics run will start in 2010 for 2-year data collection
until 2013
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