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...... midpoint-cone algorithm™

*Search over “all” possible seeds for
stable groupings

detector

*Check midpoints between jet-jet pairs
for stable groupings

*Split/merge jets based on E

overlap
+Add track/tower 4-momenta

ptp —>di-jet + X

particle
AL

pT (particle) [GeV/c]

1
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Mike Miller, for the STAR collaboration
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D midpoint-cone algorithm*

*Search over “all” possible seeds for
stable groupings

Jet direction

*Check midpoints between jet-jet pairs
for stable groupings

detector

*Split/merge jets based on E

overlap

*Add track/tower 4-momenta

ptp —>di-jet + X

particle

(particle) [GeV/c]
ORI IR

pT
L

5 02
H %‘a‘gy -3 1 08 eta (paticte)

C
O -
Fg_ 4.9 : Correction philosophy

*Use Pythia+GEANT to quantify detector
o ' f ‘ o response

*Estimate corrections to go from
“detector” to the “particle” level

Mike Miller, for the STAR collaboration *(hep-ex/0005012)
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Sampled luminosity: ~0.16 pb-
1.4 M High tower (HT) events
0.8 M highly pre-scaled minimum bias (MB)

events
v > ~220k p>5 GeV jets in HT sample before A
cuts Coils Magnet e

+ Commissioned 1x1 jet patch trigger— main
jet trigger in 2005+

E-M
Calorimeter

Time Projection
\ — Chamber

Electronics
Platforms

High Tower Trigger

BBC coincidence + one tower above Forward Time Projection Chamber
threshold (not the best jet trigger!)

€1ig(N=0.0)=1:  Er e~ 2.5 GeV
E1ig(N=0.8)=1:  Er e~ 3.3 GeV
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Mike Miller, for the STAR collaboration



No test-beam calibration p+p statistics insufficient Use TPC tracks

—>in situ calibration of 2400 - use Au+Au events from —->MIPs: relative gain
channels earlier in 2004 run (same HV) —>Electrons: energy scale
TEICTEUPLI ), Set E-scale using 1.8<p<8 GeV/c electrons
500 . selaq: 16 Patch: 41
w0 Seed mip: 403 Prraci/ETower (R=0.015, 0<n<1)
db_ga_ln: 0.0064
newgain: 0.0060 350—
300 | i B }
( 5 _
200 ! |I||'| 300 :_ ﬁ R=0.01 5, 0<‘T‘|<1
y N .
100 "'""""...n.-,_.' . 250F- ; l n: 1.009 +- 0.006
L '|'|.I.w.".|.. -
095640 &0 B0 106" 156140 186186 " 500 N f :
ABCRED 2000 1 c:0.166 +- 0.009
a8 0.24__' L L '__ E H :
S M N b
§ o= Ef3 ® Oy = 16%
. 02 = F | t Otpc ¥ Opme ®4070
E 0.8 — 100(— ++
% 016F = - ++ H
0.14 — I l l I 1 % = 50— t +++++++++ ‘
01 = 0 1 2 3 4 5
0.08 2_ PDG ° mass: 134.98 MeV _2 Preaci/E rover
0.06— A T R B B B AT B
2 3 4 5 6 7 8 9 10

p, [GeVic]

Mike Miller, for the STAR collaboration
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Nj,a.ts measured

: £ —————
Event SeleCtlon: § ESTAR Preliminary (2004)
|vertex-z|<60 cm Ews USRS S — — —k— L"I'”r'jmTum B'aDS ?ata
E-trig>3.5 GeV/c for HT e : ;T MohTowerDaa
@ : : : _ _ :
m104 :‘k**'*, ______ e A ,\/_—ZOOGGV,I’—O4_, _______

Clustering Parameters:
p- (track/tower) > 0.2 GeV

p+(seed) = 0.5 GeV
r =04

cone

f =0.5

merge

Jet Selection: L T R SR (-
0.2<n, <0.8

Neutral/total <0.9 - ~55K jets after all cuts

40 45 50
P, (jet) [GeV/c]

Mike Miller, for the STAR collaboration
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17 < pthrown) < 21 GeV/c _ ptfue _ pmeas
- resolution: ——=

0:25 Simulation Pr

0.3

o Simulation: ~25% * 5% for

i T 10<p,<50 GeV/c

.0_1 Consistent number derived from
005 (modest) sample of di-jet events

N T TS I A - Choose bin width = resolution

pr (measured)

+Consider detector response
(measured) to known input (frue)

|

“‘geant jets” “‘pythia jets”

reco Bin = thrown bin: 235-40%
reco Bin = thrown = 1: 2> ~80%

- Motivates use of bin-by-bin
correction factor

H .
IIIII MASSACHUSETTS IMNSTITUTE OF TECHMHOLOGY Mlke Mlller’ for the STAR Co”aboratlon



Simulation

“‘measured”

«Q

15}

QD

=}

=

I~

®)

—
D
QD

. =}
—+

N —
T

-:%

T e
'\ SPPTLINNUY ISNNS. NP =AU SV NN SN NV S
‘true” N S I B

E Lo n
162 T 19O 11 ISTAR Preliminary (2004)
E t) —O— Pythia+Geant (MB)
: I G : : ! .
decreases c(p;) increases c(p;) F @ fteop 0 TS PyhasGeant(Hl)

T
pT .®® p, (jet) [GeV/c

+MB data statistics limited

+More advanced unfolding

~0.01 at pry; = 5 GeV techniques currently under study
~1 at pr e = 50 GeV

Mike Miller, for the STAR collaboration
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l1de 1 1 1 1 dN

1 O-BBC g ~600/0

ve rt

dQ dp,  27-06 Ap; [L-dt c(p,) dp;

1/dQ do/dp _ [mb/GeV]

j L- dt N Iache?avents

STAR Preliminary (2004)

—h
<

Under study

Fortran code from hep-
ph/0404057 (Jager et al.)
one_o 4

102 —+— STAR Minimum Bias Data
- —— STAR High Tower Data
L — NLOQCD <
10" Vs =200GeV,r=0.4
107 T

" =
10 o

7 — —
10 P

: p——
10° | | _

MB/HT overlap for 3 bins ,,A/

10”
10—10IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 5 10 15 20 25 30 35 40 0
p, liet) [Gev/c]

«Only data-statistical errors shown
«Systematics and ratios on next slides

MASSACHUSETTS IMNSTITUTE OF TECHMHOLOGY

CTEQ 6.1

HF= Hr =Pt
Agrees with EKS NLO to

better than 1%

+30% but invisible on
this scale

Mike Miller, for the STAR collaboration



Normalization
s, I: ' M . H . .

10 15 20 25

Fractional Change in x-section

Energy Scale

fieradeasrbesrsbarestiicadiansfanaaherasteaas

Ffralainng:l CIBnge

| )

+be * Under Study -

5 10 15 20 25 30 3 10

15 20 25 35 40 45

3:T (jot) [GeVic] 5p (jot) [Govic] P, (iet [Gevie]
Pythia slope atistics of c(pt) Background
gﬂ»; * I E_;; D R ;;B T
O g Under Srtudyr . s Sos
2 : : H H : H : : .2 2
Fi OOCHB0aC DOCE OO 00A ECOC 0000000 i 24
%oz %02 o2 . Peeraeand .

15 20 25 30

35 40 45 50
P, (iet) [GeVic]

35 40 45 50
P, (iet) [GeVic]

*Dominant uncertainty: 10% change in ECal - ~40% change in yield
*More under long term study (see last slide)

Mike Miller, for the STAR collaboration
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p.[mb/GeV]
a—l

STAR Preliminary (2004)

—— STAR Minimum Bias Data

Issues that won’t go away for 2004:

1. HT trigger: fragmentation bias, slow
turn on with p-jet

2. Jet energy scale (need integrated
luminosity for photon-jet!)

*50% systematic uncertainty from E-
scale shown

«Agreement (within systematics)
over 7 orders of magnitude

107
3 —~— STAR High Tower Data
210 — NLO QCD (Voalesana)
g - T
go* /s =200GeV,r=0.4
=10°
10°
107
10°
10° )
10-1uullII5[IIII1IOIIII115IIIIzlolllI2I51l113Iullll3l5!lll4llllllllll0
p. tiet) {Gevic]
> 1F ? X y T Y
E 0.8F=----i STAR Preliminary (2004) @ & ..
%06: —+— STAR Minimum Bias Data
S E —+— STAR High Tower Data
i Dt g = 2w s el
o = Sys from Jet energy scale
€ 0,2 ........................................ SR :
g I = zoo GeV ;
u e (i I S
- ‘. *
-0.2 :_....:;*_%_ | . | B
ool SR
_0_55.......,.. PRREEEE e
] T P TTTEr SRS L—
:I L1 1 i L 1 1 i Ll 1 1 i i i i i
b 5 10 15 20 25 30 35 40 45 50
P, (jet) [GeV/c]

MASSACHUSETTS IMNSTITUTE OF TECHMHOLOGY

Mike Miller, for the STAR collaboration



« Much work to develop methods and techniques for jet triggering,
reconstruction, and analyses
* First look:
— Significant p, reach (~50 GeV/c)
— Agreement within large systematics with NLO calculations
« A few primary issues under study:
— Refining in situ EMC calibrations (AuAu vs. CuCu vs. pp)
— OQverall scale corrections for no-vertex events
— Improved unfolding methods
— Fragmentation bias (e.g., Pythia vs. Herwig)
— NLO clustering scheme
* Goal:
— Bring 2004 (and 2003) analyses to efficient closure
— Large 2005 data set produced, thesis analyses underway
* Long term cross section goals
— Jet shapes, NLO comparisons
— High stats - possible improvement of large-x pdf’s

Mike Miller, for the STAR collaboration
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Mike Miller, for the STAR collaboration
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raw per -event yield:

1 . dN
N I?/Icg?eefsgts de

Allows data/MC comparison
before luminosity

For HT, include trigger pre-
scale:

1 1
—> ,
N accepted N accepted Strlg
MB-events MB-events p MB

I I I H .
II MASSACHUSETTS IMNSTITUTE OF TECHMHOLOGY

1/Nwents dN/de (No Corrections)

©10"

“-; STAR Preliminary (2004)

—_ 02

510 —*— Minimum Bias Data

> @

21 0° @® —— High Tower Data

(7]

o s :

510.4 - —g&— Pythia+Geant (MB)

e &= —6— Pythia+Geant (HT)
10 . Js=200GeV,r=0.4

5 10 15 20 25 30 35

40 45 50
P, (jet) [GeV/c]

+Reasonable agreement between data/MC
10 weighted pythia samples
«Slope difference:

»Short term: incorporated into sys. uncertainty
»Long term: iterative re-weighting of MC sample

Mike Miller, for the STAR collaboration



|17.3 <p™ <213 |

0.35

Simulation

0.3

0.25

o
]
LR RS RN AR LR RARAN RN RN LR

~Consider detector response
(measured) to known input (frue)

“geant jets” “‘pythia jets”

I I I H .
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P (jet) [GeVic]

Of all accepted jets

.. N
pU rlty : measured

generated

mulation

20

10

|IIII|IIII|IIII|IIII|IIII IIIIIIIIIIIIIIIIIII CD

5 10 15 20 25

Mike Miller, for the STAR collaboration

0.4

0.35

—0.3

30 35 40 45 50

p'T"‘e (jet) [GeV/c]

0.25

0.2

0.15

0.1

0.05

0



|17.3 <p,*<213 |

0.35

Simulation

0.3

0.25

o
]
LR RS RN AR LR RARAN RN RN LR

L e p:'"' %%t) [GeVic]

~Consider detector response
(measured) to known input (frue)

“‘geant jets” “pythia jets”

+«Bins of width 1-sigma - “purity” of
~35% over range on the diagonal.
+Motivates application of bin-by-bin
correction factors.
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(jet) [GeV/c]

meas

-

Of all accepted jets

measured

purity :

generated

_Simulation

10

0

RN NN FEENE TSNS NS NN RN NN N
(b 5 10 15 20 25 30 35 40 45 50

p'T’”e (jet) [GeV/c]

Mike Miller, for the STAR collaboration



ongoing

Charged Track Momentum | Ap/p TPC 1%
Charged Track Inefficiency | 10% x 60% jet 6%
Neutral Tower Energy AG, /G, = 10% 40% in
yield
Neutral Energy Inefficiency | Y E;from n+K° c+n+Q+v 6-10%"
MIP Subtraction 10% Correction to Jet E; 1%
Fiducial Detector Effects Edges/Dead regions 2%
Jet n calculation 1 tower = An=0.05 3%
Background Trigger Background trigger +MINBIAS | 5% in
event yield
Background Energy Jet + underlying Background 0
Underlying Event Work in Progress NA
Fragmentation Comparison to HERWIG NA

* Included in Correction Factor

I III MASSACHUSETTS IMNSTITUTE OF TECHMHOLOGY

Mike Miller, for the STAR collaboration




Nuetral energy fraction (pT > 21.3 GeV/c)

neutral energy fraction :

10°
- EMC
: T f— 25
| (R jet
_ 1 E
101 :
- Data
I : Systematic uncertainty on yield
| - thia+geant
i Py 9 m from background less than ~5%
1pr-
i P R SR N TN T T NN TR TR TN N S S 9748 N : [| I P
0 0.2 04 0.6 0.8 1 . 1.2
E((EMC) / E (jet)

Cut to remove background

Mike Miller, for the STAR collaboration
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[tower_1, Integral(10,200)=0|

Relative gain: G e 00201 Tvpical tower
tower-by-tower MIP response ~ ** B il reyspponse 0
«~250 +- 50 MeV/mi 400 i g 0,00 .
P - MIP candidate
300
. [ \ in 2004 AuAu
Absolute gain: 2o |
. i
-Eta ring TPC-electrons . M
® ||||'H ||
2<peleCtr0n<6 GeV/C ofo.. .. T L TR T T “""".W..,
20 40 60 80 100 120 140 16%D’}:8_%E2DUD
|pTrack Tower (R 0. 015 0<n<1) | as0f T T T T T E
350__ 400; ;
300;_ ;ﬁ R=0_01 5, 0<n<1 :::;_ PDG 7" mass: 134.98 MeV ;
- i u: 1.009 +- 0.006 2007 E
250E f { m_HJ E
200;_ i_ } G:0.166 +- 0.009 ot | ‘lm, Mwwm
150 - % 0.2 0.4 0.6 0.8 1 1.2
E + invariant mass [GeWt:]
100 t t R ETI SR st 3
E + ‘} E 022 =
C t # Y 0zf =
20 = t +++ H+++" + E 018 i_ _i
C H 1ty +++++++¢+Ht+h+ s +++*ﬂ+“* T ] % 016 =
oLl ».-’r‘ [T R T I T LTI e e 014 I l 1 I I L =
0 1 2 3 4 5 s | A N ’ E
pTrank/ETower 04 %_ _%
All towers, p;.. > 1.8 GeV M motmaawr
IIIII MASSACHUSETTS IMNSTITUTE OF TECHMHOLOGY Mlke Mlller’ for the STAR C‘ P, 1Gevic] Y]



Changing the pdf

Changing the scale

1.4F ; : ; : : 1.4F . ; ; ;

1 3:_., I'=CI.4; j..l.=p_|_, D.?-ﬁﬂ-ﬂtﬂ.a - + ........... ; ........... 1 3:_.,CTEdEM’ r=(],4,lﬂ.2::r|{0.ﬂ- .............. : ........... ]
F —— CTEQeM/CTEQsM F —— u=p fu=p, §

12— —— CTEQBEM / CTEQEM e CREREEEREEEE 1_2:_ o “=pf.'2,.f“=pT .............. ETREPRRLPRD 1

. 4f-.. —— CTEQa3/CTEQ6 : 5 1 15 —— u=2p, /p=p; :

1= 1

0.9 u.sf—

D-Bf— : u.sf—

0.7 u_ff_.. '.‘ ' cmeeeaat . .: e

0.8 10 20 30 30 0.8 10 20 30 20
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50 60
P, (jet) [GeV/c]

Mike Miller, for the STAR collaboration
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vid’



|phi (pT >21.3 GeV/d) | Nuetral energy fraction (pT > 21.3 GeV/c) |

: 0%
C 2 “*-
i :

10 E_ 10
: -
- | -4 -

11 SE 1
i PR TN T (NN T S TN N SN SN SN SN NN NT'Y SN SO AN SN TN ST T [N T S AN N | 1 || I
-3 -2 -1 0 1 3 0 0.2 0.4 0.6 0.8 M} 1.2
phi [rad] E(EMC) / E_(jet)

Clear background for ratio>0.9
Data/MC agreement improves at higher pt

Mike Miller, for the STAR collaboration
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|»=ET (EMC)> vs. P, (jet) (error bar:std-deviaﬁonq |<E,r (EMC)> vs. P, (jet) (error bar:std-deviation‘

= 301 . . . = 301 : - .
2 [ |-=MBData : : : 2 [ [©HTData : : :
(&) o 5 : 5 [&] - = M M
= 25[-- LT T TR = 25[. i
ATF — MB Geant : ; AT — HT Geant ;
= [ , : : : = :
LT e et B Rt SRRt : SRR W a0 ¥
- = i H 1= - .
w | 0 : ] : w :
v o : : v - :
10— ednni 10
51 51— =
0 ot
10 20 30 30 0
Pr pTFhet) [GeVic]
|-:ET (TPC)> vs. p_(jet) (error bar:std-deviation]l |<ET (TPC)> vs. p_ (jet) (error bar:sid-deviation)l
T 30r ; : ; < 30r : ;
2 [ |- MBData : : : % [ |©HT Data : g
& »F'|— MB Geant a B 1—HT Geant
e [ i i i e r
= 20— Teeee P = 20— -
(T ] u [
Vv L . v L
15:_ : ............ 15:_ A
10f- foemneeneies 10 e
s R st o -
5 AN BN SN I B obte i NP BN B
10 20 30 . Tet) [Geviel 10 20 30 40 Prfffet) [GeVic]

Mike Miller, for the STAR collaboration
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Red - pythia + gstar
Black = data
All error bars statistical

High tower trigger
pt (jet) >10 GeV/c

Mike Miller, for the STAR collaboration



Red - pythia + gstar
Black = data
All error bars statistical

High tower trigger
pt (jet) >10 GeV/c

phi (jet) [rad]

Mike Miller, for the STAR collaboration
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Mike Miller, for the STAR collaboration
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