Possible Topics for First Year Physics

Ming Liu
Los Alamos National Lab

- Drell-Yan and J/Psi productions @120 NN
- Quark energy loss via DY in p+A
- CNM J/Psi production in p+A

Quark-Gluon Plasma (QGP)
Cold Nuclear Matter Effects (CNM)
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Outline

* Physics Motivations
— Drell-Yan suppression in p+A

* Year-1 E906 statistics
— Drell-Yan production

* J/Psi suppression in p+A
— J/Psi CNM absorption and breakup
e DY cos(2phi) type modulation (B-M type)

— Expect samll asymmetries
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Physics of Heavy lon Collisions .C‘ ® o

@
- Understand the Properties of QGP 0@ 6'

- Explore the QCD phase diagram ® O ® O
- Novel CNM physics & QGP baseline CoeT s

» Before collision * |Initial state <+ QGP * Hadron gas * Hadrons
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Outstanding Questions in Heavy lon Physics
LHC ~ RHIC!

* Parton dE/dx & QGP * QGP color screening & heavy
. 7 . ”
properties quarkonia “melting” v 1oty
(NSAC DM10, 12) (NSAC DM5) s
— Radiation & collisional dE/dX — Color screening & 7949
e Light vs heavy quarks recombination Xb’(ﬁ?
e
— CNM effects — CNM effects Ve
Jet suppression J/Psi suppression
T T T T . <
SPS 17.3 GeV (PbPb) GLV: dNydy = b . .. <t = m ALICE (Pb-Pbm:ZjeTeV), 2.5<y<4, T>0( reliminary)
2r- o = WA98 (0-7%) GLV: dN/dy 140 \ AChIEVEd QGP Densltles w14 o PHENIX (Au-AU\/%:O.ETeV),1.2<<3I/yl<2F.)2, pT>po (arXiv:1y103.6269)
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Topic |

Drell-Yan and Quark Energy Loss in p+A

The first unambiguous determination of quark dE/dx with DY at E906!
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Outstanding Questions in Heavy lon Physics
Jet Quenching and QGP Properties

TTTT | T T T T TTT I|
2 SPS 17.3 GeV (PbPb) GLV: dN /dy = 400

. . I _— GLV: dN/dy = 1400 ]
« Various parton energy loss mechanisms ; o meeT oo ]
i O =° PHENIX (0-10%) ::J;meanp ]
1 ,5 [ ¥ h' STAR (0-5%) — elastic, large P:: ]

. . : SPS LHC 2.76 TeV (PbPb) — YaJEM
— Radiative energy loss -0 L e ]
- n:<( - + h* ALICE (0-5%) PQM: <g> = 30 - 80 GeV*/fm |

+ e.g. DGLV, BDMPS, AMY ...

E ¥ AE
I
| E-AE N

i} O %34 10 20 100200
(medium) P N p, (GeVic)
Rox = 1 #°in AuAu collisions
U . " TYAA T (ngn) 7 inpp collisions
— Collisional energy loss
\&> (quenched) jet
E E-AE
Theoretical quenching factor ~ f X dx
*AE - much model dependent! 'OQGP( ) [ (Q)]

<k2> w 2
<g>=2"L=E = 2~20GeV?/fm
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Determine and Calibrate dE/dx with DY in p+A

g+q —y*—u" +u" (Drell-Yan Process)

 Known initial state nuclear
parton density;

 Minimal final-state
interactions of the detected
particles.

« E906: No shadowing
correction at moderate X, DY O

Energy loss reduces x,, and X in A Deuterium
nuclei versus proton (Xp = X;-X,)

d*o Amo* A @
~ e X. W
dxdx,  9xx,s E 4 b‘ XE

Possible sea-quark shadowing effects
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Sea Quark Shadowing and Nuclear PDFs
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Quark Energy Loss in Cold Nuclear Medium

- Drell-Yan Suppression ~20% in p+W

- <dE/dx> strongly depends on
shadowing correction

- %, ~ 102 @ 800GeV p+A

E
d—=0~2.5 GeV / fm
dx '

d’o dro’ _
——= ——— )e b7
dx dx, 9x1x2SE 4, b

Ratio (W /D)

Drell-Yan @E866
(PRL 86 (2001) 4483)

800GeVp+A
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Xtarget

E906 Acceptance and Dimuon Mass Distributions

1
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Experimental Sensitivity to Quark Energy Loss

dE.E
dx_XO

Shortest radiation length in nature X,
=1 x1083 m

Clearly distinguish between leading
models for L dependence of E-loss

—~AE « A'Y? (or x L)
—~AE o A?2 (or « L?)

Benchmark dE/dx models
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Reality
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ES06 2012 Run: Expected Statistics

Run plan: 4~5 weeks of physics run
— p+Aand p+d ?
— p+Hand p+d?
Beam conditions
— 2.5x10711/ sec for 4 sec per minute
— E906 efficiency 50%

— If lower field for J/Psi, expect higher
rate in detectors, need to reduce
beam intensity to 1x10711/sec

Protons on targets
— (1x10711) x (4 sec) x (4 weeks x 7 x 24

X 60 minutes) x 50% N=Lxo=10%x08x10"°=0.8x10"
=1x10711 x 1.6x1075 x 0.5
= 0.8 x 10716 Oy = 40mb
 Effective Target thickness Js =15.1GeV
— Target: ~¥10% interaction length 5 4
— 0.8 x 10715 p+(p/n) collisions L=0.8+10"/40mb =20 fb
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Expected Detector Performance = |

e Reasonable J/Psi and Drell-Yan
separation

— Drell-Yan: M>4GeV

* Improved tracking to separate
tracks from target and beam dump

Bend plane view
Mass =7.0 GeV X= .0, .2, 4
SM3 -

—
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— - :
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100 inches

[
\
—

b

400 [

300 F

Mass (GeV)

Target
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DY Production p+p

PYTHIA @LO, K= 2.5

1600{—

e DY cross section: M >4 GeV

@120 GeV: (PYTHIA LO)

e 1f+fbar->gamma*/Z0,
— Sigma =5.442D-08 mb, M > 4GeV

e K=2.5,

— sigma =2.5x5.5x10"-8mb

=13.8 x107-11b

e N=20fb"-1%*13.8x10"-11b
=2.8x10"6
* 80K pythia events -> 11,808

dimuons

DY dimuons =

2/20/12

(M>4 GeV), (BR~15%)

2800k/80k*11800
410 k
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. Sy y . y
QCD Correction e NG
+. <
K factors SN SN
donro = K(s, M?)doLo TN }
‘, -ff!j__ ,.-'S;;g;.-{x..\_'{
Group Beamy/target cm Energy K
E288 p/Pt 27.4 1.7
E439 p/W 27.4 1.6+0.3
CHFMNP p/p 44,63 1.6+0.2
AABCSY p/p 44,63 1.7
NA3 p/Pt 27.4 3.1+£0.5+0.3
E537 oW 15:3 2.45+0.12+0.20 K=25@120GeV p+
NA3 (p-p)/Pt 16.8 2.3+0.4 > @120GeV ptp
NA3 n/Pt 16.8 2.49+0.37
22.9 2.22+0.33
E326 A 20.6 2.70+£0.08+0.40
NA10 /W 19.1 2.8+0.1
Goliath n/Be 16.8,18.1 Z2:H
Omega /W 8.7 2.6x£0.5

Table VII..2. K Factors for dilepton experiments (Grosso-Pilcher and Shochet, 1986).
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DY and Muon Kinematics w/o E906 Acceptance
@PYTHIA LO

pz1+pz2
htemp pz1
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C 400
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150 — =
C 200
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- 100~
50— E
C 50—
oL P M I . oE P
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pz1+pz2 pz1
sqrt((px1+px2)**2+(py1+py2)**2)
htemp
300— Entries 11808 sqrt(px1**2+py1**2)
C Mean 2.208 _ htemp
- RMS 1.11 E Entries 11808
B - Mean 2137
2501~ 350 RMS 09644
n 300
200|— E
C DY—pT 250
150 — E Trk pT
C 200f— -
100 __ 150 :—
C 100—
50 E
50—
obs P i, P b
0 1 5 6 b v v b v b b L M0 ol o 00y |
sqri((px1+px2)**2+(py1+py2)**2) 0 1 2 3 4 5

6 7
sqrt(px1"2+py1"?
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ES06 Drell-Yan Dimuon Acceptances

Black: generated
Red: detected

E906 Efficiencies:
DY (M>4) = 6.4%

DY-> dimuons

N =410K x 6.4%
= 26000
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z0: all events
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1 1 2
SAlA=——@®—~— ~
JN, YN, N

5A/A=L=l.2%

/26000

- ® Anticipated E906 statistcal acuracy

* Prefer W target } EKS shadowing

— 20~30% suppression

— but Fe is OK, smaller effect
e p+dand p+W

— 50% split in beams
* DY: Dimuon_mass > 4GeV
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Topics |

J/Psi Production and CNM Effects

Ming Liu @E906 Collab. Mtg.

20



Novel CNM Effects and QGP Baseline

e Parton (anti)shadowing Gluon shadowing

— I I -
e Gluon saturation physics 2 Q=169 GeV? AN
9T A
. il e
e Parton energy loss in CNM e HENOT D O
(NSAC DM10,12) Lk — 7
_ EPS09 <
O __—-"" EPs08
Kopeliovich etal Nucl Phys A696 (2001) 669-714 """ | 1

1.0 107 107 107 107! 1

0.9 L™ E866 J/W data X
2D 0871 ™=\ Quark shadowing and final state absorption +
8 .1 NG \
\g o7 \ Gluon shadowing +
D 061
89 . JAnti-shadowing +

0.5 ; .

dE/dx

0.4

0.3 ;

0.2

01 01 03 05 07 09
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QGP Physics: Quarkonia Suppression — Importance of CNM

CNM effects appear to provide a large fraction of the observed
suppression
* So difficult to conclude much w/o a thorough (fundamental)

understanding of CNM and an informed extrapolation to A+A from d+A

RdAu

1.1

—

.
()

e
N

o
o

o
)

o
F

.
(X

2/

< L L LA UL B B L I
= 1.4 -
E [a'4 = m 2004 Au+Au, |y|<0.35, globalsys. =% 12% 7
- 1.2 ii e 2007 Au+Au, 1.2<|y|<2.2, globalsys. =+9.2% _|
: it
3 b
E_ 0.8Ht u f :A
- 06 ! )
= - 1] —
=l 0.4 [ T ]
= Global Scale Uncertainty+7.8% e | l 8 o : H g -
=  _ 02— —
~ —@9 ando, =4 mb > C El * 7
e A B — 07750100 150 200 250 300 350 400

Y Npar‘f
MJIL & Vogt began these model comparisons years ago, continuing now with
Colorado, FSU working with these in more quantitative and informative ways
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J/Psi Production in p+p @120 GeV

31045—'"1"'l""l"—r'l""l*"'l'*"—r"'-
%i) F 0E789 (This experiment)
<
2 103k .
e J/Psi cross section: J/Psi -> dimuon N ! ﬂ
>
— Data: ~ 50 nb @120GeV p+p R ;
—_ 1 = N_ = - < Alexopoulos (ref. 28)
N—J/PSI - 20 fb 1 X 50nb ;10 i OAnderF;on (ref. 22)
- A 5 M Siskind (ref. 23) E
- 1K X 10 6 i A Antipov (ref. 24)
— Total J/Psi->dimuon = 1K x 1026 x6% I T Domberger (et 29) |
— A ; O Cobb (ref. 26) E
- 60 X 10 6 E A Kourkoumelis (ref. 27)?
o by

— @800 GeV: 442 +/-88 nb Vs (GeV)

FIG. 11. Total cross section for J/v¢ production vs cen-
ter-of-mass energy. The solid curve is a fit to the data using
the functional form Ae™®Y™ where 7 = M2 4/ 8. See text for

details.
. . . .
PYTHIA J/Psi simulations -
350 Mean 0.007836
1400 _htemp = RMS  0.2323
- Entries 1359 E
C Mean 3.072 30—_
1200/— RMS 02337 E
C 25
1000— C
u 20—
800(— E
600— 15:—
400~ 10:_
200~ 5
E E |J|n A R L
o b b b b b W by s b a Ly 0
% 05 1 15 2 25 3 35 4 45 0.6 -0.4 -0.2 0.4 0.6
M X1-X2
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J/Psi and Muon Kinematics
PYTHIA Simulations

pz1+pz2
htemp
- Entries 1359
50__ Mean 31.56
- RMS 12.68
40—
30_—
20—
10—
ol Lhyy
0 10 20 30 40 50 60 70 80
pz1+pz2
sqrt((px1+px2)**2 + (py1+py2)**2 )
50 htemp
Entries 1359
Mean 1.866
RMS 1.012

40

30

20

J/Psi_pT

P N TR
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htemp
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htemp
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- Trk_pT
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o o |
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24
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E906 J/Psi Dimuon Acceptance

Black: generated
Red: detected

E906 Efficiencies:
J/Psi=2.4%

J/Psi->Dimuons
N =60M x 2.4%
=1.4M
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z0: all events h1
Entrles 469509
10 Mean -14.98
E RMS  55.88
104 &
I
10° =
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10 =
e
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- Mean -0.002581
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ol | -
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[ dimuon mass: all events | h2
Eniries 469500
E Mean 3.097
3 RMS 1.683¢-05
10° -
10‘;—
10°
1025—
10
| Bt Lo el sl
0 1 2 4 5 8 9 10
[ dimuon x1: all events | h4
Entries 469509
= Mean 0.3145
105j—LL|_‘_‘_ RMS 02706
g T
10°
1025—
100
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z0: all events h1 di mass: all events | h2
Entries 469509

J/Psi Summary I

1 E
T T | Enanfinanaflaned b
-200 150 100 50 0 50 100 150 200 T2

sl Lo b L L g
4 5 6 7 8 9 10

N, N, <N j
SAJA=——2  _0.17% "‘ T
J14x10° T v

* Prefer W, larger effects :
— but Fe is OK
e p+dand p+W :
— 50% split in beams f"‘)

* J/Psi: Dimuon_mass < 4GeV 100
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Azimuthal cos2® Distribution in m+W and p+d Drell-Yan

E866 Collab., Lingyan Zhu et al.,
PRL 99 (2007) 082301; PRL 102 (2009) 182001

1 F T ] J.C. Peng
- ® g +W at 252 GeV/c 1

bg [ 4 T +Wat194 GeVic e

‘f‘/ Small v 1S observed
' for p+d D-Y

With Boer-Mulders function h;
V(W= i rX)~ [valence h,; ()] * [valence h;(p)]
v(pd->+p-X)~ [valence hy(p)] * [sea h; (p)]

Sea-quark BM functions are much smaller than valence quarks

27
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Backup
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E906 Sensitivity to Quark Energy Loss

Simulated Quark energy loss only

— ] ! | ' | ! | ! | ! | |

T e — — -

For radiation lengths X, =1 x10"3cm 2 sl T T .
. vgr © 038 -]

can achieve sensitivity ~ 20% & ~
0.6 -

: - |=— X, = 5x10"° em . -

;,_ 04| = x, =25x10"cm N .

dE E % ok — X, =1x10"" cm 1841 . _'

S <'U L= X =05x10"em| M =5 GeV |

| I T T N I T N TR ST
dx X 0 03 04 05 05 07 08 09

X, = pquark(GeV/c) / ppmton(GeV/c)
. i . — 1T 1 1 111
Clearly distinguish between leading T Ir from Vitev -
models for L dependence of E-loss (50) ¥ 4.k — A?ﬁ i
< | — 1
1/3 <
—AENA (OI' NL) :\(\0.8— M =5 GeV ]
n x,=06-07 \

0.7 -

~AE ~ 47" (or ~ L) - _

<U 0.6 2D, 120, 27AI, 56Fe’ 184W’ 20751 \ |

1 I 1 I 1 I 1 I L I 1 L 1
0 1 2 3 4 5 6
A" (Atomic weight ")
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Process Dependence of Parton Energy Loss

* E-loss in three cases

Bertsch-Gunion

Academic case
(probably inapplicable)

B3 3 D303 33

Initial-State

Initial-state E loss:
DY process

Final-State

Final-state E loss:
SDIS, QGP

2/20/12
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