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* Brief overview of fsPHENIX

* Performance of forward tracking

* Forward calorimetry performance

* Simulated performance for Drell-Yan

e A few other comments:

* Forward upsilons
« Z°/W statistics
* Prior forward jet simulations

* Conclusions



f & ”“F\\\f— Pb/Sc sandwich hadronic
N IPHH?/\'\/ENIX calorimeter (NEW)

10 x 10 x 100 cm?3 towers
(1.2 <1 <4.0)

GEM Tracking Stations (z = 120, 165, 275cm,
50um position) =5

20x20 array of
2.2x2.2x18cm3
PbW (PHENIX MPC)
crystals with 10x10
square hole

(300 crystals total)
3.0-3.3<1n<4.0

Flux return door
between FEMC and
FHCAL (10.2 cm)

PHENIX PbSc modules (5.5 x 5.5 x 33 cm3) organized in
groups of four modules (3152 modules or 788 groups of 4)
(1.4 <n < 3.0-3.3), energy resolution 8%/\/E
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Forward Magnetic Field

HIPERCO-50 high permeability
piston around beam pipe, tungsten

n _I ribs reduce backgrounds around
——. calorimeter hole.

B field magnitude (T)

tungsten

beam pipe

Piston enhances transverse
component of magnetic
field, improving

momentum resolution.
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plug door

o
o
\\IllII\I|I\\I|III\|II\\|IIII

200 300 400

z (cm)

3/9/2017 RHIC Spin Collaboration Meeting 4



Forward Tracking

* G4 Simulation and (PH)GenFit to extract (Pgeco = Prrue)/Prue VS Prre (right plot)

* For each slice of p;,., fit with Gaussian, extract mean as offset ( ), sigma as
momentum resolution (o, Black dots), left plot.

* We also calculated <o, /Sagitta> as a reference (Blue circles): Sagitta is calculated
using vertex, station at 120cm and station at 275 cm.

PHGenFit: o,/p A plp
hp_residual_vs p 2 hp_residual vs_p
S o % Entries 30 g - = Enties 85521
* i a [ i
©0.12 o = | 0.033983" + (0.002205*p)* Mean 1711 9o G G
RMS  8.488 ' = = B Mean y 0.001678
0.1 Momentum offset: -0.000726 0.6 B = - — RMSx 8142
E - . RMSy 0.06276
Osagitta
a1, = 0.000027 + 0.002570* 0.4 =
Tracking 0.08| Sagitta P = | 150
simulations by 028 —m
Haiwang Yu 006f—m——————— s ——— B -
-0.2 30
0.04—
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0.02 Py
b | -0.8
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Performance vs. Pseudorapidity
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Forward HCAL Simulations

Studies by D. Kapukchyan

Studied the effect of the sSPHENIX flux return on the FHCAL
energy resolution (examples below are 30GeV pions).
Plug door could be replaced by magnetic FHCAL.

Mumber of Events vs. Reco Pi- Enargy

000

Caunts

4000 —+
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1000

= | ¢ R

35 40
Reco Pi- E(GeV)

Plug door decreases response and
generates a non-Gaussian tail.

o (GeV) of Gaussian fit to FHCAL response

Nominal plug door thickness is 10.2 cm

s
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Sigma vs. Thickness of Flux Return
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Jets from 510 GeV Pythia8,

.J et E n e rgy RESO I UtIO n using jet trigger, jet energy is

correlated with pseudorapidity.
Required E>20GeV, p>5GeV.
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Energy Resolution /E
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0.05

Energy Resolution

—+— 7 Energy Resolution
—+— Pythia Jet (R=0.5} Energy Resolution
—E*El— Pythia Jet (R=0.3} Energy Resolution

Jet resolution worsens at high
as the tower size gets
comparable to the cone size.

(A 10cm x 10cm FHCAL tower is
An ~ 0.5 at n=3.5.)

01
%] Overall, jet energy resolution
comparable to sPHENIX barrel.

~14% constant term

o
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Phi Resolution (radians)

Jet Eta,Phi Resolution

0.1 c 0.1
E :g E Eta Resolution
0.09 E_ Phi Resolution % 0.09 -
0.08:— E:CU 0.083— + Pythia Jet {R=0.5) Eta Resolution
- A(I) + Pythia Jet (R=0.5) Phi Resolution i C AT‘
0.07:— 0.07F 45*37 Pythia Jet (R=0.3) Eta Resolution
O.UGi —%3— Pythia Jet (R=0.3) Phi Resolution 0 065—
005F- 005 " . ;
0.04:— ¢ = ® s . e e 4 8 * 2
- o t‘.......gii 0-045 DDDDDDDDDDI:‘Dg%
0.03 . Loo8 g 0.03
- O ogppgodQ( =
0.02 0.02—
:I 1 | L1 | | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | | | L1 | ‘ L1 1 | L1 1 E
% 20 40 60 80 100 120 140 160 180 200 220 0520408050500 T20 40 e Te0 500 220
Energy (GeV) Energy (GeV)
Jet eta, phi resolution approximately 0.04 x 0.03 for R=0.3
Prior studies in p+A show similar performance in p-going direction.
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* Full G4 simulation of both signal and backgrounds

* Pythia events are generated using electron trigger

* Requires at least one e*/e” in 1.4<n<4.0 with p;>0.5 GeV
* Consistent with a scaled EMCal energy trigger

This is an energy of 1.1 GeV @ n=1.4 and
13.7 GeV @ n=4.0

DY events generated using COMPASS tuning

MinBias, J/Psi and Upsilon generated and scaled using
Pythia tuned to PHENIX data

* Tracks fit using (PH)GenFit
* “Perfect” tracking algorithm with FGEM efficiencies 0.95
* Tracks projected into FEMC, FHCAL



25000

20000

* A candidate DY pair requires:

* Track Cuts:
e 1.4<n<4.0

* One of the two tracks consistent
with firing the electron trigger

e >=4 FGEM hits
* abs(E/p—-1.0)<3c
 FHCAL energy fraction < 0.04

* Pair Cuts:
* Tracks have opposite charge sign
* Mass > 1.0 GeV
* Only one pair in an event o

* Event Cuts: il SO TP TP I [ TR
* Pair forward energy fraction >0.44 S ( E]
» SPHENIX barrel energy < 5 GeV Bt B

* 97% of pairs in DY events are true DY pairs
(3% contamination)
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FHCAL energy fraction for DY pair tracks
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DY pair events
MB Bkgnd. pair events
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Event Charcterization Cuts

Forward Calorimeters
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Sum Pair FEMC E33/(FEMC+FHCAL) > 0.44

Event topology cuts are effective in
eliminating background processes that
generate false DY pairs.
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MinBias Backgrounds

B All MB Background
10 - _
= One electron (dashed primary)
o - Two electrons (dashed primary)
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59.035M Pythia events saved
(32.08B events sampled)
Corresponds to 1.16pb!
integrated lumi

Observations:

* One-electron background is
dominated by primary electrons

¢ One electron and two-electron
backgrounds comparable

* Two-electron background
dominated by secondary electrons

* Hadron-Hadron background is
negligible

Results shown scaled
to 50 pb?
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MB Background Sources

e Original MB run did not have parent ID for primaries. Ran a short MB run
(0.05pb1) with this information included.

One Electron Bkgd.- Electron Parent

parent_two_e

Eniries 78
3439
141.4

0

Mean
RMS

Underflow
Ovarflow 0

E photon

I —— primary + secondary

C primary

r 70 (Dalitz)

C D D*

C . |\ FHR R T AN SN R N EVERY R T R R || |
400 200 0 200 400

PDG PID

One Electron Bkgd.- Electron Partner

0
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partner_one_e

— Entries 28
- Mean 26.6
- T RMS 216.2
- Tt
- K*
B IR T TR S N S T T T | B | T

-400 -200 200 400

Also removed event level cuts to get more statistics

Two Electron Bkgd. — Electron Parents

o e
= Entries 3
— 51.79

22: hﬁnﬁi?; 77.02
[ Underflow 0

205 photon Overliow 0

18—

1gE= — primary + secondary
E —— primar

14 P v

12—

10—

8
o 70 (Dalitz)
4= D+
2
ot | NI NV VUNY S R,

~400 200 0 200 400

One electron background dominated by
conversions, t° Dalitz, and open charm.

One electron partners are mostly charged pions.
Two electron has the same sources.

Event cuts preferentially suppress conversions, r°
Dalitz becomes relatively more important
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Scaling the Quarkonia Contributions

* In principle, the onia contributions should account
for directly produced onia + feed down — scale the
pythia results to match the PHENIX measurements:

)/¥:

PRL 98, 232002 (2007)

60

B
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Bdo/dy (nb)
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I
Global scale uncertainty: 10.1%
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Upsilon:

PHYSICAL REVIEW C 87, 044900 (2013)

TABLEV. 7T invariant yvields and cross sections of p + pandd +
Au data sets are shown. The first uncertainty shown is the statistical
uncertainty, and the second is the systematic uncertainty.

o
N -

Scale results by:

3/9/2017

Data set Ny~ Bye,-dNy/dy

By +,-dogfdy

[

(=101 (% 1017)
p + psouth 5.1 38+ 11405 |16.0+46+22pb
p+ p north 5.2 36+1.0+04 [154+43+18pb
d + Au south 13 1784+£55+29 404+12+06nb
d + Au north 13 252456433 574+13+07nb

Scale results by:

Sonenix/ Sy (1.2<y<2.2) = 1.46

RHIC Spin Collaboration Meeting

15




Combined 1.4< ypor < 4.0
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S/B~ 1 above 5 GeV
~1900 DY pairs 5.0<m < 8.0 GeV
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In Different Rapidity Slices

L 1.4 < ypp < 2.0 -
- 10°
i -
i AL i 107

2.0 < Yppp < 3.0

Lo| iy

3 : | |

S~ =

5 s il ﬁwﬂoﬁﬂ 1
E Invariant Mass (GeV)
8 B All Pairs

MB Backgrounds

J/¥Y and ¥’ Pairs
Upsilon Pairs

— DY Pairs
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Q2 (GeV?)

Q2 (GeV?)

DY Kinematic Acceptance/Resolution |
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DY pairs with 5.0 <m < 8.0 GeV
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P e AR EEA e

Measurements with A = 56 (Fe)
W Z% pPb Vs = 5 TeV
- LHCb == CMS/ATLAS == ALICE
= VA DIS (CCFR. CDHSW, CHORUS, NuTeV)
o DY (E772. E866) == E906
» ¢A DIS (E-139. E-665. EMC, NMC)

starting up: - JLab-12

“% STAR-ADY Vs =200 GeV
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.
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DY Kinematic Acceptance/Resolution |

DY pairs with 5.0 <m < 8.0 GeV = ¢/ o 1173159
70— Constant 58.47 £ 3.11
C Mean 0.01524 + 0.00115
Suf_ Sigma  0.03245 + 0.00128
= 2/ ndf 115.6/90 50— X1
e Constant 24.17 +1.28 sk
35— C
E QZ Mlean 0.00286 + 0.00183 s
30~ Sigma 0.04861+ 0.00186 F
253_ 20—
20%— mf—
155_ %: Lo oo oenendy [T T N T N R0 T R
E -0.3 -0.2 -0.1 ] 0.1 0.2 0.3
10;— (XlRECO _ X;—RUE)/XlTRUE
5
= 70— 2 { ndf 20.32/19
L T R BT SRR XT3 |-IJ-|F|J]JQ B Constant 60.49 £2.95
- Mean -0.01902 + 0.00228
(Qieco = Qaue) / Qie S0 X5 Sigma  0.03003 + 0.00174
50—
Fractional error in Q2 about 5%. sof-
Fractional error in x1, x2 about 3%. a0f
X, shows a ~1.5% systematic shift up. 2ol
X, shows a ~2% systematic shift down, oF
with asymmetric tail. S T
-%.3 -0.2 -0.1 0 0.1 0.2 0.3
(X;ECO _ X;'RUE)/X;'RUE
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Q7 Resolution

gT_X resolution vs. gT (True DY Pairs)

0.5 - — - gTXres_DY_2D
Entries 23418
0.4 . " - = = T - Mean x 0.8411
. -- o= - ot . "= Meany 0.0001471
N P Fa ! RMSx  0.6049
> - RMSy  0.08689
O o2EX -_ | —30
s - - - =
5 i
() el —20
| -0.1 n I ot
ra» —15
§ -0.2
,é -03
04 )
_050 L1 I[).|5 L1 !‘ L1 1'.|5 L1 2| L1 | L1
Q; (GGV)
The resolution has a Gaussian
core with o ~ 34 MeV, and non-
Gaussian tails, as expected from
multiple scattering.

3/9/2017

The resolution on the x

component of the virtual photon
momentum is critical for DY AN —
this sets a limit on your ability to

define “left” and “right”.

qTXres
2400 — Entries 23418
e Mean -0.000242
2200~ RMS 0.08641
2000— xzfndf 1751/9
- Constant 2022+ 226
1800 Mean 0.00022 + 0.00033
= Sigma 0.03431+ 0.00040
1600
1400
1200—
1000
800
600
400
200
:J L1l i Ll
S5 0 03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5
X X
Qr (reco)— Q7 (true) GeV
20
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What about the Upsilon?

- 72/ ndf 77.85/ 89 _ 2 | nf 72.79/77
L po 2367+ 8.6 250 p0 2242 +6.4
i p1 0.7579 + 0.0668 i pi 0.8726 + 0.0605
i p2 3.43 £ 0.38 ~———  Combined p2 3.241+ 0.349
200 p3 9.45 + 0.01 - p3 9.447 + 0.005
B 200——— 15
R p4 (0137 + 0.008 - P4 0.1552+0.0050
- i 2s p5 57.73 £ 3.43
i L 3s pé 35.33 + 2.47
150_— 150/—
i Single Crystal - Triple Crystal
100~ Ball fit to 1s 100~ Ball fit
50— | 50—
— i_ —
- j -
D_I 1 I-.I.l Lol ol ll 111 | 111 |-#+hﬂr|4|;| | 1111 | 1111 | 1111 | 1111 D_ 3 *olH .,l.-_:lli'li. il L AT Y (it
5 6 7 8 9 10 11 12 13 14 15 5 6 7 8 9 10 11 12 13 14 15
Invariant Mass (GeV) Invariant Mass (GeV)
2s/1s ratio = 0.261 from 3CB fit (truth 0.260)
3s/1s ratio = 0.160 from 3CB fit (truth 0.145)
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What about the Z° (510 GeV)?

400; 90;—
350§— 80;
woE- One electron
y Of 250?—
- p;>5.0 GeV
produced | ot 1.4<n<4.0
ZO . 1502_ 30
100;— »20:—
soi— 10;—
[):—Ie.l 2 = o 1 B 3 obii
80
One electron o0 -
pr>5.0 GeV . f+sPHENIX acceptance well-positioned

o

for Z° Ay measurement that samples
large x in the proton.

1-4<n<4-0» ‘

Where does the |2

=]

=]

second electron
go?

o
#-:li\\I‘I\\Il\ll\l\ll\ll\\I‘II\I‘II\IlHI\lHI\lI

e

n of second e
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Z° Yield and x, Coverage

Cold QCD Plan suggests a

20

possible 510 GeV run could 240/
deliver as much 1.1 fb! 220 Barrel-Fwd
Assume integrated lumi. is 600 2nn§— Barrel-Barrel
pb, this yields: 180

150;_ x, for 2%s
1300 Z° with one electron in | & produced with
the forward acceptance 120 fle;tl_'lr:m;”
(1.4<n<4.0) and 1:;; acsceptance
one in the barrel (-1.1<n<1.1), sol (both e~ with
both with p;>5GeV. w0k P>5.0 GeV)

IIII|IIII|IIII -l_I_II I-|_II-|I_I_II|IIII

4100 Z° with both electrons in 0

] 0.1 0.2 0.3 0.4 0. 0.6 0.7 0.8 0.9 1
the sPHENIX barrel X4
(1.1<n<1.1), both with
pr>>GeV. Barrel-Fwd correlations reach high x

in the polarized nucleon!

W similar, but x10 higher cross
section.
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Prior Forward Jet Studies (200 GeV)

_\ 1T | T T | T T | T 1T ‘ T TT | T TT | T T | T T ‘ I \_ _I T ‘ T T | T T | T T ‘ T T | T T | T T | T T | T I_
~ Pythia Anti-k_R=0.7 p_>4 GeV/c,n = 1.7-3.3, P=60%, 97 pb™' - Pythia Antik_R=0.7 p_>4 GeVlc, n = 1.7-3.3, P=60%, 97 pb™ -
0.01— « A, | 0.01 o Agalljets ]
T e AY ] T e Al:jets w/z> 0.5 leading h” i
0.005— ® A" | 0.005 ® Awetswiz>0.5leading h ]
_ f\ | : : . + :
<z 0_ ’—‘\\ . E 0— : . . | _
i . 1 & L . . ! i
[ n = [ [ —
i ¢ ] B ¢ ]
-0.005— — .0.005_ t |
i Gamberg, Kang, Prokudin: n=2.5 + i B |
L — Ay | - i
-0.01— —A; — _0_01__ _]
: _Aﬂown : : :
_\ 111 | 1111 | 1111 | 1111 ‘ [ | 1111 | 1111 | 1111 ‘ | \_ 7| Ll ‘ Ll | L1 | Ll ‘ Ll | Ll | Ll | Ll | | T
0 01 02 03 04 i 05 06 07 0.8 0 01 02 03 04 05 0.6 07 08
xF - pz pbeam Xg=Pp / P
F z beam
Gamberg, Kang and Prokudin: Phys Rev. Lett. 110:232301 (2013)
Projected fsPHENIX data points (97pb™) compared to theoretical model.
Currently repeating these simulations using new fsPHENIX design at 510 GeV.
3/9/2017 RHIC Spin Collaboration Meeting 24



* The fsPHENIX design has excellent momentum
resolution and calorimetry

* Homogeneous acceptance complementary to sPHENIX barrel

* Possible to improve calorimetry design with magnetic FHCAL
replacing plug door.

* Some physics simulation studies available
(representative, not exhaustive)

e A DY measurement between the J/¥ and the Upsilon looks
very possible in 200 GeV p+p/p+A in fsSPHENIX

e Sidelines:

» Separation of the Upsilon 2s/3s by fitting also seems reasonable at
first glance

» Reasonable Z°/W yields would be available in a long 510 GeV run
* Prior forward jet simulations still relevant

* Detailed jet simulations (200 and 510 GeV) are underway
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Tracking Comparison

* Resolution is about x2 of BeAST: BeAST
has a x2 stronger magnetic field + silicon
tracker, fsSPHENIX uses a much longer
tracking arm.

* High momentum resolution could be
improved by switching from GEM to high
precision silicon tracker.

LI o B B e O L e
=] T o=
0.12 —— n=1.5: 0.8% @ 0.08% p
—— 1=2.0: 1.3% @ 0.14% p
n=2.5: 22% ®021%p
—— n=3.0: 34% @022% p
n=3.5: 5.6% @ 0.36% p
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Y
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Ikllllllllllllllll
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Pseudo-rapidity
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e Using PHPythia6 with Pythia version 6.421
compiled with LHAPDF 5.4.1

e Center of mass energy is 200GeV
* Consistent with planned sPHENIX reference running for
p+p and p+A
* Events are generated using single electron triggers
(as configured with PHPy6ForwardElectronTrig)

* Requires at least one e*/e in 1.4<n<4.0 with p;:>0.5 GeV
* Consistent with a scaled EMCal energy trigger

* Thisis an energy of 1.1 GeV @ n=1.4 and
13.7 GeV @ n=4.0

* This trigger is probably a little loose, but | wanted to start with
something loose and cut harder (if necessary) later on.



roots 200

* Events were generated according

targ p

to this configuration file: frame s

msel 0
msub 11 // ggbar->gamma*/Z

* Note no IS/FS parton showers, mdme 17410

mdme 17510

purely a LO calculation mdme 17610

* LO PDF set used (CTEQ6m) mime 175 10
mdme 18010

e K-factors are known for LO DY to mdme 18110

mdme 182 1 1 # Only allow Z0 decays to electrons

be ~2‘2.5 (I USEd 2.5 |n What fO”OWS) 2:2212218#0nlyallow20decaystomuons

mdme 18510

* Trigger eff 0.348 mdme 186 10

Kenyon, 1982 mdme 18710

mdme 18810
M d section
o — — mdme 18910
Beam Momentum/v Naive Dreli-Y4
F ro m a Group a:d target |GeT'€;r:-]jI\rée\-j" praediec\iuT: « mStp 52 2 // use LHAPDF
NA3 (Bp): Pt 150 23£04 mstp 51 10000 // CTEQ6m
(Badier er al 1980b) P
CO M PASS ta | k NA3 p: Pt 200 22=04 mStp 610 // initial PS Off
(Badier et al 1979b) -
. cre e Pt 2007400 17727 mstp 71 0 // final PS off
(Ito er al 1981} H
by C Qu | nta ns Ches o . L6=02 parp 111 1.0 // min mass of remnant
(Antreasyan er al 1981b) H
(hntreass - 200 L6e0s parp 91 0.9 // width of Gaus k_perp
(Smith er al 1981) i i
S e - 1ra0n ckin 1 0.5 // min parton sqrt(s)
(Lefrangois 1980)
NA3 7 Pt 200 24=04
Lefrangois 1980,
NA3 (" -w"): Pt 200 24204
Lefrangois 1980
Omega T W 40 2.45=042
(Corden et al 1980
Omega W 49 2.52£049
(Corden et af 1980a)
Omega (m -7 kW 40 2.22£0.41

(Corden e al 1980a)




DY Track Cuts (DY e*/e’)

Tracks cuts were selected to
be efficient for true electron
tracks from DY pairs.

10° hits_DY
C Entries 512850
300— . Mean 5.059
- # FGEM hItS RMS 0.676
250(—
200(—
150~
100~
50—
0 L | | i P T i P
1 2 3 4 7
Ep DY
B Enfries 458927
— Mean 0.9406
25000— AMS 0.2307
C 1 nalf 1957 /12
- Consiant 2.5428+04 = 6.440e-01
- Mean 1.003 = 0.000
20000— Sigma 0.05376 +0.00021
15000
10000 ;
5000{—
) m PR I T TR R I S A E M
0 0.2 0.4 0.6 . 1.2 1.4
3/9/2017
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DY Pair Mass and P

Invariant Mass (GeV) True DY Pairs pT for true DY tracks
_ 10° pT_DY
2 F 140— Entries 2111797
2 B B Mean 1.118
= L N RMS 06374
s 120{—
g10° = -
-E B After a” CUtS 100[— True DY pairs
102 = 80:_
- 80—
10= 40:
E 20
==
[ I|III|I I|III|III|II\ O\III‘Illllllll IIIIII|IIII|III\|II\I
0 2 4 6 8 10 12 0 1 2 3 4 5 6 7 8

Invariant Mass (GeV)

pr (GeV)

Counts scaled to 50pb! sampled
p+p luminosity (simulated events
sampled 74.2 pb?)
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MB Simulations

* Events were generated according
to this configuration file:
e Standard Pythia MB
 CTEQG6LL PDF’s
* Trigger eff: 0.00184

* 59.035M events saved
(32.08B events sampled)

* Corresponds to 1.16pb! integrated lumi

* Note that compared to the DY signal
simulation, this is the Pythia
equivalent of an NLO calculation

3/9/2017
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roots 200

proj p

targp

frame cms

msel 1

mstp 52 2 // use LHAPDF
mstp 51 10041 // CTEQ6LL
mstp 91 1

parp 91 2.5

pmas411.5
pmas514.8

32



Quarkonia Simulations

* J/¥ events were generated according
to this configuration file:
* Trigger eff: 0.263

* 991k events saved
(3.8B events sampled)

e Corresponds to 15.9pb! integrated lumi
(using Pythia cross section)

e Upsilon(1S) events were generated
according to the configuration on the
next page

* Trigger eff: 0.0784

* 498k events saved
(6.4B events sampled)

e Corresponds to 101.3pb integrated lumi
(using Pythia cross section)
* The ¥’ and Upsilon (2s), (3s) were
included by scaling the yield and mass
of the 1s state.

3/9/2017 RHIC Spin Collaboration Meeting

roots 200

proj p

targ p

frame cms

msel 0

msub 86 1 // g+g -> J/Psi

mdme 858 11 //J/Psi -> ee
mdme 85910 // J/Psi -> mumu
mdme 860 1 0 // J/Psi -> random
mstp 517

Y’ Fraction from :
arXiv:1609.06550 (PPG188)

Upsilon fractions from:

D. Acosta et al.,

Upsilon production and polarization in p+p
collisions at vs=1.8 TeV.

Phys. Rev. Lett., 88:161802, (2002)
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Upsilon (1s)
Pythia
Configuration

3/9/2017

roots 200

proj p

targ p

frame cms

msel 0 //turn on all prod. mechanisms manually
msub 461 1 //gg->QQ[35(1)1]¢g

msub 462 1 //gg->QQ[35(8)1]¢g

msub 463 1 // 88 ->QQ[15(8)0] g

msub 464 1 //8g->QQ[3P(8)J]g

msub 465 1 // 8q->qQQ[35(8) 1]

msub 466 1 // 8q->qQQ[1S(8) 0]

msub 467 1 // 8a->qQQ[3P(8)J ]

msub 468 1 // aq->gQQ[35(8) 1]

msub 469 1 // aq->gQQ[15(8) 0]

msub 470 1 // aq->gQQ[3P(8)J]

msub 471 1 //gg->QQ[3P(1)01]¢g

msub 472 1 //gg->QQ3P(1)1]¢g

msub 473 1 //gg->QQ[3P(1)2]¢g

msub 474 1 // 8a->9QQ[3P(1) 0]

msub 475 1 // 8a->9QQ[3P(1) 1]

msub 476 1 // 8a->9QQ[3P(1) 2]

msub 477 1 // aq->gQQ[3P(1) 0]

msub 478 1 // aq->gQQ[3P(1) 1]

msub 479 1 // aq->gQQ[3P(1) 2 ]

mdme 1034 11 // upsilon -> ee turned on

mdme 1035 1 0 // upsilon -> mumu turned off
mdme 1036 1 0 // upsilon -> tautau turned off
mdme 1037 1 0 // upsilon -> dd™ turned off

mdme 1038 1 0 // upsilon -> uu™ turned off

mdme 1039 1 0 // upsilon -> ss™ turned off

mdme 1040 1 0 // upsilon -> cc™ turned off

mdme 1041 1 0 // upsilon -> g g g turned off
mdme 1042 1 0 // upsilon -> gamma g g turned off
mstp 514 //structure function for GRV94 L
parp 3815.73 // GeVA3; from Upsilon(1S) Width, (from babar parameterisation)
parp 390.0035 // tuned to fit upsilon production from chi_b in ppbar collisions @ 1.8 TeV
parp 312.5 //kfactor

ckin 3 2.0 // min parton pt of 2.0
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Jet Sources

Jets with negative hadron z>0.5 Jets with positive hadron z>0.5

1_I rrrrrrT T T T T T T T T T T T rrrT T T T T 17\ LN I O B L I B T T 1 rTrorrq
 Pythia Anti-k_ R=0.7 p_ > 4 GeV/c,n =1.7-3.3 _ = Pythia Anti-k_ R=0.7 p_ > 4 GeV/c,n1=1.7-3.3 .
0.9__ T T ] 0 9__ T T =
- = up quark . " = up quark .
0.8 — down quark — 0_3; = down quark 4
= - = other partons 1 = - = other partons 3
2 0.7 _ peam M 207> peam E
A = A - .
N - 4 N = -
— 0.67 - 0-6_ -
2 C 1 = o 3
N C 7 N C ]
_"u_'.;‘ 0.5_— —_] "q',; 0 55 ]
5 S ]
w 0.4 — g 04— -
Q C J ] C _
e r 1 € 7
3 0.3 - 3 0_3; -
w C A n C ]
0.2 - 0.2~ —
0.1 ; 0.1 a
0:| L1 [ | Ll ‘ [ ‘ Ll | [ | [ | 1AL 0:\ - L1 11 ‘ L1 11 ‘ I I ‘ L1 11 ‘ I I | I I ‘ 1 X

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0 0.1

Xg = F'z‘r pbeam Xp = pZI pbeam

Jets from standard PYTHIA Tune A, beam remnants from Tune A with k;=0.36.

A cut on the charge of the leading hadron changes the composition of the jet sample.
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Forward Magnetic Field

HIPERCO-50 high permeability
piston around beam pipe, tungsten
ribs reduce backgrounds around
calorimeter hole.

tungsten

beam pipe

L

Magnetic Piston

1.857e+000 : >1.954e+(
1.759e+000 : 1.857e+0Q!
1.661e+000 : 1.759e+00!
1.564e+000 : 1.661e+00Q!
1.466e+000 : 1.564e+00!
1.368e+000 : 1.466e+00Q
1.270e+000 : 1.368e+00!

1.173e+000 : 1.270e+00!
1.075e+000 : 1.173e+0(
9.772a-001 : 1.075e+00p0
8.795e-001 : 9.772e-00]
7.818e-001 : 8.795e-001
6.841e-001 : 7.818e-001
5.864e-001 : 6.841e-001
4.887e-001 : 5.864e-00]
3.910e-001 : 4.887e-001
2.933e-001 : 3.910e-001
1.955e-001 : 2.933e-001
9.783e-002 : 1.955e-001
<1.140e-004 : 9.783e-00

Density Plot: |B|, Tesla

Piston enhances transverse
component of magnetic
field for n>3.0, improving
momentum resolution.

Passive Piston helping flux return at
small angle

Hiperco-50: 49%Co+49%Fe alloy
provide high field saturation (<2.25T)
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