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Jets in p+p
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A measurement of full jets

In p+p IS in good agreement TR
] ] p+p = jet+
with NLO QCD model 10 o200 Gev
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Midpoint cone algorithm
used (R=0.4)
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0’ —&— Combined MB

Both TPC tracks and EMC —e— Combined HT o
towers used in the 1 —OQC<99> T
measurement g L wmmimn, b
Higher-statistics " 02 DS
measurement (with greater pr [GeV/c]
coverage in n), is underway STAR: Phys. Rev. Lett. 97 (2006) 252001
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Jets in p+p vs Au+Au
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Jets in p+p vs Au+Au
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Heavy-ion collisions have much greater multiplicity than in p+p

- Jet-finding in heavy-ions at RHIC is a very difficult task!
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Jets in p+p vs Au+Au

-+ Heavy-ion collisions have much greater multiplicity than in p+p

- Jet-finding in heavy-ions at RHIC is a very difficult task!
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High-pt In Au+Au

" 0-5%
Jet physics measurements in Au+Au collisions are 1} E———
motivated by 2 distinct proxy measurements in STAR: e " 1
%; %\ 0.1 -_m“m\IPartlicipantslcalingj ‘ } _“_ . L L
= The measurement of Ry, 2z |20 [ 30-40% |

= Ratio of single particle spectra relative to p+p

= Shows a suppression at high p; in the more
central collisions

. | — pQCD-I, Shadow!ng only . T e pQCD-I, Full calculation
= Can only be described by energy loss 0.1 177 PACD-], Shadowing*Cronin | 1 pACDL .
0 2 4 6 8 10 2 4 6 (SGeV}é))
Py
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High-pt In Au+Au

r 0-5%

Jet physics measurements in Au+Au collisions are
motivated by 2 distinct proxy measurements in STAR:

= The measurement of Rx,
= Ratio of single particle spectra relative to p+p

= Shows a suppression at high p; in the more
central collisions

= Can only be described by energy loss
= Back-to-back correlations of high-p hadrons

= Show a loss on the away-side in central Au+Au
collisions.

= Correlation persists in d+Au collisions
Final-state effect

In order to quantify the energy loss on a partonic level,
need to measure the jet quenching with real jets

. §+"}' ,,,,,,,,,,,,,,

:E:, 01 _-‘mmm‘-‘\IPalzrtlicipantslcaling | | . L
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| — pQCD-Il, Shadowing only T e pQCD-I, Full calculation
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Jets in A+A Collisions

K, R=1

- One of the biggest difficulties in jet
finding in A+A collisions is the
large background - have to
subtract correctly

uone|nwis

9]

- lJeidde

AIXJe

- Use the Fastjet reconstruction
algorithms (Eur. Phys.J C72 1896
2012

86ST1°9060

KT algorithm starts clustering from low-pr particles

- Jet reconstruction uses the anti-kT
algorithm

Correction for background energy:

y
= density: — med{p ke

PT,corr = PT - Ajet X

anti-kT algorithm starts clustering from high-pr particles
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Existing Preliminary Results

STAR has existing results for Full-
Jet RAA

= Large systematic uncertainties
make it difficult to make a
conclusion

Higher statistics have since been
recorded

= Smaller uncertainties

New techniques have since been
developed

= First attempt in the new analysis
uses only TPC charged tracks

Al

Nucl. Phys. A 830, 255c, (2009)

Full jet R
AA

Au+Au and p+p at\[s,,,=200 GeV.

Au+Au: 10% most central

STAR Preliminary

kﬁ— '+ KtR=0.4
" —=—anti-kt R=0.4

—— kt R=0.2
anti-kt R=0.2

10 15 20 25 30 35 40 45 50
pf‘ (GeV/c)
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Inclusive Jet Spectra (|)

1=

Run11 AuAu 200 GeV/c S plesins GeWc

. -0- 10% Central Colllsmns — eai |
10 —N 5_ 42.3M : - = _._ P:a '19>3Gevfc .................................................

evems_ : : _
Epconsi 3" 0.2 GeV/c _—_ é_—“_-_—__‘—— . - : p[:ading>5 GE\"C
A, > 0.4sr - - = | |

reco. jet b : —
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10° — S e

> S STAR Prellmlnary . -f*:
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! LL+ T | | 1 T ! +|P:LL L ]
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charged (GeVIC)

T corr

10
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107

Combinatorial background can be reduced by applying a cut on the
leading hadron py in the jet candidate

= This introduces a bias, although the jet can still contain many soft
particles
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Inclusive Jet Spectra (il

-g'.loi = 102 E
2 - Run 11 Au+Au s, =200 GeV, 60 ub™ '8 - Run 11 Au+Au ys,, =200 GeV, 60 ub™
% 2 [ 0-10% Central Colllsmns 2w [ 0- 10% Central Colllsmns
£ = Anti-k, R=0.2 g =0 :
a 10?3 = ] penst > 0.2 GeVic o103
S ¢ xBTS 5.0 GeVic o F
Z : o reco jet >0.09 sr Z :
T | B T |
— —
S1E *.  STAR Preliminary S1E
bl C ——— E 5
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O g — [} i —
< 105 . R=0.2 <05 L R=0.3
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10-6 E_ -*"_*_ 10—6 — —y—
] -r-
tracking efficiency uncertainty o= I tracking efficiency uncertainty
L] w
L —y— |
107 H unfolding uncertainty - 107 B unfolding uncertainty ||
= = BN
- Uncertainties added linearly || - Uncertainties added linearly
10°° | ||||| ||||| |||| ||||| ||||| ||||| 111 107 LI ||||| ||||| |||| ||||| ||||| ||||| [ 1]
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charged GeV/ charged V
P1 e (GeV/c) PI e (GeV/c)

Measured spectra are corrected using Bayesian unfolding
Different radii contain differing amounts of the jet energy
- |deally, a high radius is wanted but this is determined by the stability of the unfolding
Raa IS @ wWork in progress
= Work ongoing on p+p baseline
- Full systematic uncertainty study is underway
macl@bnl.gov: Moriond QCD 2015
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Semi-inclusive Recoil Jets

Trigger: high-pt hadron
Trigger = selects hard events

hadron

Recoill jet: no further cuts
= unbiased

Recoil
jet

- STAR analysis:
~ Recoill jet azimuth: [A¢-1il < /4

Observable: ~ No rejection of jet candidates on jet-
I : by-jet basis
Recoll jets per trigger

= Collinear safe jet measurement with

1 dNj, 1 do?47htgertX low infra-red cutoff (200 MeV/c)
Nt};“ig deajet B O-AA_”H_X de,jet .
T = Background subtraction:
Measured Calculable in NLO pQCD - Mixed events
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Semi-inclusive Recoll Jets - background estimation

Sample number of tracks Mixed event
from real event distribution

In each centrality, event plane
angle and z-vertex bin

Run jet-finder on mixed
events ...

Pick one random
track per real event
and add to mixed
event

Real events

Event #1 Event #2 Event #3 Event N
macl@bnl.gov: Moriond QCD 2015 10
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Semi-inclusive Recoil Jets: same- and mixed-event

SE/ME

peripheral

o

Charged Jets Au+Au 60-80%

H:* 9.0 < p:ig < 19.0 GeV/c

T [ T T T T [ T T T T
Au+Au @ 200 GeV, 60%-80%

jet >0.15 R=0.3

area

=

— ¥same event (SE) _i
= “mixed event (ME) =
3 0 E
. S S —
- —f 4
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e
PR T e
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recoil jet p T-pA (GeV/c)

Normalisation performed at negative prcor

jets T

trig

(1/N )dN /dp_(GeV/c)™

SE/ME

-
o
)

central O

Charged Jets Au+Au 0-10%

AR - -
Zf}z Preliminary

I ) I 1 | I 1 1
Au+Au @ 200 GeV, 0%-10%
9.0 < pf:*‘ <19.0 GeV/c

jet >0.15,R=0.3

¥rsame event (SE)
-mixed event (ME)

_L_I._I.;
A

N
o

0
recoil jet p T-pA (GeV/c)

~ Mixed event describes the combinatorial background well

- Signal = Same Event (SE) - Mixed Event (ME)
macl@bnl.gov: Moriond QCD 2015
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Semi-inclusive Recoil Jets: same- and mixed-event
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30

PYTHIA reference is smeared by a simulation of detector effects and background fluctuations

= Unfolding is on the way

Central collisions show a strong suppression with respect to the peripheral collisions
macl@bnl.gov: Moriond QCD 2015
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Summary and Conclusions

- Using the high-acceptance of the STAR experiment, it is possible to
measure jets in high-multiplicity Au+Au collisions at Vsyy = 200 GeV

- Inclusive charged-jet spectrum extracted

= Work ongoing to calculate the Raa ratio

- Semi-inclusive recoil charged jets:

=~ New technique using mixed events for the background estimation

= Central Au+Au collisions show a strong suppression compared to
PYTHIA, peripheral collisions are comparable to PYTHIA

+ Also made a measurement of the di-jet asymmetry, A; (not shown due to
lack of time)

- Will extend the analyses to full-jets, including the calorimeter information.
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AJ at the LHC

- (a) CMS det 35.1 pb”’ JLdt 6.7ub” T+ (c)
0.2 ® pp\s=7.0TeV  — ® PbPb\s,=2.76 TeV p; > 120 GeVic
i — PYTHIA —— PYTHIA+DATA T + + Py ,> 50 GeVic
T 2
Anti-k;, R=0.5 lterative Cone, R=0.5 + A01p> 3"

Event Fraction

0.1

30-50% |

Event Fraction

4 02 04 06 08
As= P Pr /(P 401 )  CMS: Phys. Rev. C. 84 (2011) 024906

Significant di-jet momentum imbalance is observed for high-pr
jets in central Pb+Pb collisions
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prcut=2 GeV/c
prtead>20 GeV
pTSubLead>1 0 GeV
A®ead,subLead > 2/3 T

P, [GeV/Cc]

A, In STAR

Calculate A; with constituent pr,cut>2 GeV/c

A _ pT/]- T ple
] p—
pT1+ P12

rec

v =pr —pxXA

macl@bnl.gov: Moriond QCD 2015
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P, [GeV/Cc]

Calculate A; with constituent pr,cut>2 GeV/c

A, In STAR

pt.cut=0.2 GeV/c
prtead>20 GeV (pr,cut=2 GeV/c)
prSubLead>10 GeV (pr,cut=2 GeV/c)

prcut=2 GeV/c
prtead>20 GeV
pTSubLead>1 0 GeV
A®read,SubLead > 2/3 11

Re-run jet-finding algorithm
anti-kr on these events ...

P, [GeV/c]

N

1N
111!1111111!111

Calculate “matched”

|Aj| with constituent
pT1.cut>0.2 GeV/c.

A — P11 — P12 rec

= —px A
P11 T P12 r=Pr P

macl@bnl.gov: Moriond QCD 2015 17
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Event Fraction

Sys. Uncertainties:

- tracking eff. 6%

- tower energy
scale 2%

A; in Au+Au 0-20%, R=0.4

0.22

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

Anti-kt R=0.4, pT1,1>20 GeV & p12>10 GeV with preut>2 GeV/c

'llTll]llTlTIl

llIllIlITl(‘lTll
O

']

TTI[TIT'I

=

O pp HT ® AuAu MB p:“‘>2 GeV

O

ﬁ}ﬂm Au+Au 0-20%
PreIiminaryAnﬂ_K R=0.4
+ h=0.

p;"“(p:“Sz GeV)>20 GeV —
pfmm(p:‘%z GeV)>10 GeV

| - ] J ) I S — l 1 1 i J B I l | I S

| o T s AL

o

0.1 0.2 0.3 0.4 0.5 0.6 0.7

A
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A; in Au+Au 0-20%, R=0.4

Anti-kt R=0.4, pT1,1>20 GeV & p12>10 GeV with preut>2 GeV/c

0.22

O pp HT ® AuAu MB p®'>2 GeV
0.2 T

0.18
® AuAu HT p°'>2 GeV
O ! o p-value<10-°

(stat. error only)

Event Fraction

0.16

0.14

‘ lTlITllTII[lTTITIl
E—

i

+
§!
4

T

{f*

ﬁ“‘ Au+Au 0-20%

Sys. Uncertainties: g 2 Preliminaryanti-K . R=0.4

- tracking eff. 6% = @
- tower energy 0.1 - +
scale 2% E e
0.08}— e
0.06— Al
0.04 - p;“‘"(p:‘">2 GeV)>20 GeV _8_ ’
0.0oF pjmm(p:%z GeV)>10 GeV o
. - " O .
OL_IL oo by e b by Ill_l-‘)l_l—‘:‘k.lli
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

A |
Au+Au di-jets more imbalanced than p+p for preut>2 GeV/c
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A; in Au+Au 0-20%, R=0.4

Anti-kt R=0.4, pT1,1>20 GeV & p12>10 GeV with preut>2 GeV/c

0.22
S - ' pp HT ©® AuAu MB p™'>2 GeV
g 02 | 0 pp HT ® AuAu MB Matched
L 0 %%0.2 GeV
L 018ty ! Py
S ® AuAu HT p’"'>2 GeV
1 0.16 Q p-value<10-5

> (stat. error only)
0.14

+
o
!

t

i}ﬂm Au+Au 0-20%

Sys. Uncertainties: g 2 Preliminaryanti-K . R=0.4

i

- tracking eff. 6% = @
- tower energy 01— —— +
scale 2% E e
0.08[ —0
0.06— —O— A
- J
0.04F- P*(pS>2 GeV)>20 GeV —
- pSublead(ntUs2 GeV)>10 GeV B
0.02—- T T ————
Ob_ll'llJllllllL'lJJllllll‘ Ill_l-sl_t—:‘_’;‘k.lli
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

A |
Au+Au di-jets more imbalanced than p+p for prcut>2 GeV/c
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A; in Au+Au 0-20%, R=0.4

Anti-kt R=0.4, pT1,1>20 GeV & p12>10 GeV with preut>2 GeV/c

0.22
. pp HT ® AuAu MB pj“'>2 GeV

| 0 pp HT ® AuAu MB Matched
p:‘">0.2 GeV
AuAu HT p:“$2 GeV

0.2
0.18

Event Fraction
| | ’ |
—®
o

0.16

? ® AuAu HT Matched p°“>0.2 GeV p-value<10-
- ) ) 5 I (stat. error only)
0.14— — O -
- ; i}i_m Au+Au 0-20% p-value~0.8
Sys. Uncertainties: g 12| —© | Preliminaryy i K R=0.4 (stat. error only)
- tracking eff. 6% L

= .
- tower energy 0.1 - :$: +

scale 2% C o
0.08}— $ &
0.06— +
- Lead cut, . |AJl
0.04— P; (pT 2 GeV)>20 GeV
n ——
0.02F- pf“b"”"(p:"'>2 GeV)>10 GeV s
021 -
- - f » :aF
0'_11 vy o by e e by o by |11—1‘)1_‘—a-‘:'x’ i 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

A |
Au+Au di-jets more imbalanced than p+p for preut>2 GeV/c
Au+Au A, ~ p+p A, for matched di-jets (R=0.4)
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Event Fraction

Sys. Uncertainties:

- tracking eff. 6%
- tower energy
scale 2%

In Au+Au 0-20%, R=0.2

Anti-kt R=0.2, pT1,1>20 GeV & p12>10 GeV with preut>2 GeV/c

0.2
- pp HT ® AuAu MB pj“‘>2 GeV
0.18—
0.16
. —0—
0.1 2 r i AR AU+AU 0‘20°/O
L ﬁ Preliminary‘\“ﬂ_K R=0.2
- T e
01— —O—
0.08|—
0.06—
- {
. ' aads_ OU |AJl
0.04f— pL™(p '>2 GeV)>16 GeV
. ut
0.02- pfmm(p: >2 GeV)>8 GeV —0—
: —{O—
0_11"11111111I 111111111"Jllll—r{}lﬁlileJ
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
A |
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Event Fraction

Sys. Uncertainties:

- tracking eff. 6%
- tower energy
scale 2%

In Au+Au 0-20%, R=0.2

0.2
- . pp HT ® AuAu MB pj“'>2 GeV
0.18—
01 6 — ) cu
- , ::: i ® AuAu HT p°>2 GeV
0.14}— o
012 o + S Au+Au 0-20%
- PreliminaryAnﬂ_KT R=0.2
01, —
" A
0.08} &
0.06—
- O
0.04|— pL**(p7"'>2 GeV)>16 GeV ¢
. Sublead . cut .
0.02]— PP U(PL >2 GeV)>8 GeV ——
N -
0—11-111111111v111111111'|1111'_l*8'1ﬂ—rg1ﬁ1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Al
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A; in Au+Au 0-20%, R=0.2

0.22
O pp HT & AuAu MB Matched

0.2
ke p;">0.2 GeV
5 0.18 cut
UEi " AuAu HT Matched p_">0.2 GeV
c 0.16 & p-value<10-1°
o e (stat. error only)
W 0.14

_+_:?: | ﬁ”ﬁ - Au+Au 0-20% p-value<10-4 |
reliminary _ stat. error on
:5:+ Anti-K R=0.2 ( y)

Sys. Uncertainties: 0.12
- tracking eff. 6%

fll]ll1|l]l|llT’lTl|+ llllTll
+

- tower energy 0.1
scale 2% ’
_D_
0.08 +
—D_
0.06—
~ pleadgcuty :g:
0.04 Py (pT 2 GeV)>16 GeV
- pSublead( U2 GeV)>8 GeV —0—
0.02—- T T .
Ob_llllllllllll’lllllllll'Illlllllr:tg::il
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

A
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A; in Au+Au 0-20%, R=0.2

0.22
- O pp HT ® AuAu MB Matched
c 02—
ke - p;">0.2 GeV
g 0.18 = AuAu HT Matched p°'>0.2 GeV
LIL_ _O__n_ T )
c 016 &) p-value<10-10
0 » h (stat. error only)
= -
0.14 - ’ +:?: | ﬁ}ﬂfm Au+Au 0-20% p-value<104
Sys. U.ncertainties: 0.121— ' Pre"minaryAnti-KT R=0.2 (stat. error only)
- tracking eff. 6% = :15:
- tower energy 01—
scale 2% ' ——
0.08 [ .
[ —0—
0.06—
n Lead cuS g
0.041- pT (pT 2 GeV)p>16 GeV |
0.00F p?”b"“d(p:m>2 GeV)>8 GeV —0—
Ob_111111111111~111111111'11111111:g::11
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
A

Matched Au+Au A, # p+p A, for R=0.2
— (recoil) Jet broadening in 0.2 - 0.4

macl@bnl.gov: Moriond QCD 2015 19


mailto:macl@bnl.gov

