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Fundamental Questions in QCD sty )

= What are the properties of the medium created in HI collisions at RHIC?

= How is the spin of the proton made up?
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RHIC: A Tool to study QCD 1755 2007 @
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RHIC: Relativistic Heavy Ion Collider
= Heavy Ion Collisions with a variety of species at up to 200 GeV/N

= Polarized Proton Collisions at up to 500 GeV
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Heavy Flavor in Heavy Ion Collisions HEP 2007 @

= Mesons and baryons containing light quarks )
(u,d,s) show strong elliptic flow e

= Heavy quark mass dominated by intrinsic mass: . / K*
c and b quarks are also heavy in a QGP \/
= Heavy quark flow needs frequent interactions
among all quarks \/)
= If ¢, b quarks flow light quarks very likely to be &
thermalized ’1 ss38Rgy,
= Heavy flavor a good probe of the medium C/
created at RHIC s
= Energy loss in the medium l*‘”%
= Spectra 3
. 0o/ \

= Direct observation of mesons containing heavy

quarks crucial K s \

K+
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Heavy Flavor in Spin Physics HEP2007 @

Use polarized p+p collisions to access the helicity distribution > o <8
of the gluons in the proton o Versus
= Measure double spin asymmetries for a variety of channels F’( J

(Currently jets, neutral and charged pions)

Heavy flavor production in p+p collisions: gluon-gluon fusion
= one partonic subprocess dominates = contributions from quark helicities negligible

005 TInclusive electrons from charm;

Ag 55— ceX, bbX J ~100 pbt, 70% pol.

Ag 0F e ¢ .............. #, ...................... (% .....................................
clean theoretical connection from the sl GRSV-std
experimentally accessible spin asymmetry to Ag - \/
the challenge: ol Srevmn
directly identify charm & bottom mesons |

« RO o GRSV-max
D" ct ~ 123 um = Precision vertexing needed! 015 | ! | |
= BV ct ~ 460 um 2 3 4 5 6
pr (GeV/c)
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Accessing Quark Helicities with W Bosons 11172007 &

= Maximal Party-Violation in Weak Interaction: Inherent spin sensitivity of W
production

—_—

= Charge of the Boson provides flavor tagging:

d+u =W~ RHIC: 500 GeV CME in p+p collisions
d+u —W* = the quark is usually a valence quark (large x)
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Accessing Quark Helicities with W Bosons ~ #i72007 &

= Maximal Party-Violation in Weak Interaction: Inherent spin sensitivity of W
production

= Charge of the Boson provides flavor tagging:

d+u =W~ RHIC: 500 GeV CME in p+p collisions
d+u —W* = the quark is usually a valence quark (large x)
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Accessing Quark Helicities with W Bosons 11172007 &

= Maximal Party-Violation in Weak Interaction: Inherent spin sensitivity of W
production

—  —

= Charge of the Boson provides flavor tagging:

d+u =W~ RHIC: 500 GeV CME in p+p collisions
d+u —W* = the quark is usually a valence quark (large x)
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W Bosons: Making the Measurement HEP2007 &

= Identification of W in STAR via
W™ —e +v,
.\ N (BR 10.7%) = Signature: High p- lepton
W"—e +v,

W* for CTEQ5M W’ for CTEQ5M
S 10 - 1 | S 10 | |
o) 9 ;,,,,Total,cro,s}.,s,—,section:,,13,;4.,7p,b,,,,,,, ) 9 ;,,,,T,otal,cro,sr,s:section:,AZ;,Opb ,,,,,,,,,
g 8 iNocuts ,,,,,,,,,,,,,,,, g 8 iNoculs
& 7 % """""""""" N 3 7 %
_g_— 6 positrons -?','_ 6 electrons
B 5 3 5 e
L s e ottt S 8 A e
3- 3 e
2 2 e i
1 T S
0 | | | | 0 = | | | |
20 40 0 20 40
p; (GeV) p; (GeV)

= identification of high p; electrons (including charge sign) at forward rapidity!
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STAR: Current Capabilities HEP2007 @

Tracking
= Large-volume TPC
Solenoid Magnet TAR
" |T]| < 13 Barrel _
= particle ID via dE/dx El%‘”‘;g:n?g;t'c—)_ *
. SVT/ SSD Ve ‘ Tlme I
= Silicon trackers: improved eon 2
vertex reconstruction, ~ ‘ ‘ (TPC) ‘ ‘ _ -
displaced vertices for East DX Forward 0 . - | nnnnn = “rmrmn  Beam:Beam West DX
Strange partide decays Magnet D:eét‘ector - |‘ : I Counters '= Magnet
= Forward TPC 3:‘,‘;22
= 25< <4.0 et Tragker End
|T]| ?caal?a?ip_> ‘. ForwardTPC E;v?gp
Calorimetry
= Barrel EMC / Endcap EMC
= -1.0<n <20

= Forward Meson Spectrometer FMS
= 2.5< |n| <4.0
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Requirements on Forward Tracking HEP 2007 @

High resolution tracking needed to
cover the acceptance of the Endcap
EMC

Solenoid Magnet TAR

-
‘ I Requirements:

Time . .
Projection = Spatial resolution ~ 80 uym or
Chamber z better

(TPC) 190 em = High rate capability

FreTITY
T
| |

Fast detectors to reject pileup from

1111 £ T  Beam:Beam earlier and later bunch crossings
11111 g T w M | Counters g = Lowcost for large areas and low
| Silicon ) material budget
Vertex
Trapker Endcap = GEM Technology
Forward TPC EMC
=Y
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Planned Upgrades: Overview e @

Forward Tracking

= charge sign identification
for high momentum
electrons from W* decay
(energy determined with
endcap EMC)

= GEM technology

Inner Tracking
= precision vertexing for charm & bottom reconstruction
= Silicon pixel and strip technology
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The Heavy Flavor Tracker

EP 5007 @

SSD at r=23cm
\ PIXEL at r=2. 5cm and r-7cm
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Outer IST at r=17cm

= existing SSD will be re-used (double sided Si-strips)

= overall pointing precision to vertex ~ 40 um
= direct reconstruction of open charm

A new inner vertex detector:

= 30 ym active Si pixels

= total thickness of ladders
(incl. cables & support):
0.28% X,

= 100 M pixels

Intermediate pointing

detector:

= 2 layers of conventional
Si-strip technology

= strips in z and r-¢ direction

= ~200 um pointing precision
to PIXEL
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PIXEL Technology Test in STAR HEP 2007 @

= Active Pixel Sensors developed at
Strasbourg by M. Winter et al.

= A small prototype of the Active Pixels
was installed in STAR for the 2007

, Au+Au run
- = ~ 5 cm distance from the beam, ~145
cm from IP, looking at IP

| hft_star_frame | . t'hframissgs
MTee:Lei 65.58
) o Mean y 63.98
1207~ -] RMS x 37.96
B |RMSy 36.7

100—: o i :

Nl

= Hits on a 4 x 4 mm wafer 807

= it worked! o {lifly
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The Forward GEM Tracker HEP 2007 @

= 6 triple GEM disks,
~ 40 cm radius

= each disk consists of 4
detectors

= 3 GEM foils to reach high Ll 2
gain with high stability ~— —_  “Gees —
= 2D readout board: each GEM2 D
detector layer provides a re‘z'fz\
space point S
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Prototype Test at FNAL

Ewopean Physical Socety

HEP 2007
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= Test triple GEMs using Tech-Etch GEM foils in beam conditions
= Detector readout with APV25S1 front-end chip
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Fermilab Test: First Results HEP 2007 @

1400 AT AV Deaee 1 o T T
1200;_ Sigma 64.63:_;.44 1400:_ ()_ — 86 IJm
1000 Preliminary - 12000 Preliminary = resolution ~ 61 ym
800 E 1000 - =
500;_ _; 800 |- =
400;— _; eoof— —f
200 = 400 - =
-;- j oy "p.':u'i'f:'.w.. i s I‘-:f ﬁj 200;. é
g E E 07 55 0 55 T
82000 — residual Det1 X [mm]
5 ;
1500 -4 = Test detectors have 635 pm readout pitch, final
'?;1 AR : design will use 400 um, leading to better spatial
510001~ ] resolution
sool 4 = Nice charge sharing between readout
| ] coordinates of 2D readout board
ettt 1w Efficiencies well above 90% reached

500 1000 1500 2000
amplitude horizontal [a.u] ™ Spatial resolution as good as ~ 60 pm reached
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Summary & Outlook HEP 2007 @@

= STAR has a rich physics program both in heavy ion collisions and in polarized
p+p collisions
= Several key measurements require upgrades of the STAR tracking system

= Investigation of heavy flavor properties in the medium created in Au+Au collisions
= Accessing Ag via heavy quark production

= Flavor separation of proton spin structure via forward W* production
= Plans for an integrated STAR tracker:
= High resolution Heavy Flavor Tracker HFT (silicon pixel & strips)
= completion projected for 2011

= Charge-sign resolution for high-p; electrons in the forward direction: Forward GEM
Tracker FGT

» Total Project Cost below $2M, allows accelerated construction and installation in
Summer 2009
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