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Questions this talk will address

 How are charged particles distributed around
jets?

 What happens to these distributions when we
compare leading and subleading jets?

* How many particles are there around these
jets as a function of p; and centrality ?

 What are effects of the QGP medium created
in PbPb collisions that doesn’t appear in pp?
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Compact Muon Solenoid

EM Calorimeter (ECAL) Hadron Calorimeter (HCAL)

Beam Scintillator Counters (BSC)

Forward
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TRACKER
(Pixels and Strips)
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Jets and tracks

n =-n{an(6/2))

n=2(6~15°)
n=1(6~45° - =
n =0 (6=90°)
Tracks Inclusive Jets
Standard CMS HI track selection Standard CMS HI jet selection
c_Inl<24__ ____ ] - Antik; jets with R=0.3
:_- 1.0 > p; > 2.0 GeV/c | * |n|<1.6
 2.0>p;>3.0GeV/c * Jetp;>120GeV/c
* 3.0>p;>4.0GeV/c * Fully efficient from a triggered
* 4.0>p;>8.0GeV/c dataset corresponding to 166 ub
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Jet-track correlations

n =-n{an(6/2))

----- n =2 (6~15)

n= 1 (9::450) ‘\oe"\“\, .

CMS Preliminary

Signal pair PbPb 166 ub™' (2.76 TeV) Centrality 0-10%
distribution: = Pru120GeVie _IN<pp™<2 GeVie
Event 1
/_é_\ 50
3 40
same 3
event »n @
pairs
-3
1 (iQPJsanme
S(An,A¢) =
Ntrig dAT]dAgb
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Jet-track correlations

= In(tan(6/2))

. . CMS Preliminary .
Signal pair PbPb 166 ub™' (2.76 TeV) Centrality 0-10% Mixed event

distribution:  Pru120 CeVie

CMS Preliminary
PbPb 166 ub'1 (2.76 TeV) Centrality 0-10%

assoc . . . . assoc
Py <2 GeVie pair distribution: P, 7120 GeVie <7<z Gevie

Event 1

= SIS = .
same 2 SRR o 5 mixed
(S .’g:o:'; ‘- N
event 1 . - event
pairs Event 2 pairs

1 dQNsame 1 d2 Nmia:
An, A = ME (An, A =
S ( 779 qﬁ) Ntrz’g dAT]dA¢ ( 777 qb) Ntrig dA??dAgb
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Jet-track correlations

Divide Signal by Mixed Event Associated hqdron yield per trigger:
1 JENwer _ ME(0,0) x S (An, Ag)
Nivig dA7dAG )" ME (An, Ag)

. . CMS Preliminary
Signal pair PbPb 166 ub' (2.76 TeV) Centrality 0-10

distribution:  Pr.>1200eVIe N2 Gey

CMS Preliminary
PbPb 166 ub ™' (2.76 TeV) Centrality 0-10%
P, jet>120 GeVlc .~ -.,1<p:55°°<2 GeV/c

/_é_\ 50
same b mixed
3 30
event o event
pairs pairs

1 dQNsame 1 d2 Nmia:
= ME (An, A
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Jet-track correlations

CMS Preliminary
PbPb 166 ub'1 (2.76 TeV) Centrality 0-10%

p jet>120 GeV/c 1<p:SS°°<2 GeV/c

T.

- q»"\f
2o\ A\
‘,{;\‘\{‘\“}“ .

SO, : . —
"‘3’5;&‘33&!1‘:"‘?" M Assouztzed hadron yield per trigger: A A
PO AR il N pair
A Aﬂ\"\,\ , = ME (O, O) X ( T]’ ¢)
Nirig dAndAg ME (An, A¢)

CMS Preliminary
PbPb 166 ub'1 (2.76 TeV) Centrality 0-10%

P, jet>120 GeVlc .~ -.,1<p:55°°<2 GeV/c

. . CMS Preliminary
Signal pair PbPb 166 ub' (2.76 TeV) Centrality 0-10

distribution:  Pr.>1200eVIe N2 Gey

£ .
same 2 mixed
]
event & event
pairs pairs
3

1 d2 N same 1 d2 Nmia:

S(A?% Aqﬁ) Nirig dAndA¢ (A7, A¢) Nirig dAndAg
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Jet track correlation topology
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Jet track correlation topology

“Near-side” (Ap, An ~ 0)
correlations from
particles around a jet
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Jet track correlation topology

“Away-side” (A ~ m)
correlations from particles
around the other jet

“Near-side” (Ap, An ~ 0)
correlations from
particles around a jet
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Jet track correlation topology

Long range nearside jet “Away-side” (A ~ )
correlations (weak in this correlations from particles
example) around the other jet

“Near-side” (Ap, An ~ 0)
correlations from
particles around a jet
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Study the jet peak

“Near-side” (Ap, An ~ 0)
correlations from
particles around a jet
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Subtract combinatorial and long range bkg

CMS Preliminary
PbPb 166 ub'1 (2.76 TeV) Centrality 0-10%

p_. >120 GeV/c
T,jet

1<pi‘°’soc<2 GeVi/c

S(An.A¢) / ME(AnA¢)

Construct the |Ad| projection
from the correlation region
1.5< |An| <3.0
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Subtract combinatorial and long range bkg

CMS Preliminary , CMS Preliminary
PbPb 166 ub™ (2.76 TeV) Centrality 0-10%  pppp, 166 b (2.76 TeV)

>120 GeV/c 1<p?%°°<2 GeV/c AR ESE R R RS REE LN R RS R
pT,jet pT pT'jet>12(5 GeV!‘c dentrality 0-1'0%

1 <p$55°°<2(3eV!c

—— Sideband Background Subtract it from the original
| —— Background Fit . . .
correlation function

Systematic Uncertainty

40

S(An,A¢) / ME(An,A¢)

P -1 0 1 2 3 4
3 Ad

Fit a constant + the first 2
Fourier cosine terms and a
Gaussian for the away side

A0 w)

Y

MS /]
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Subtract combinatorial and long range bkg

CMms Prelimil_qary , . CMS Preliminary CMS Preliminary
F’bF’b1126§ gbw(z-m TeV)1CeQ§g§C"tg ‘(33'13//° PbF’b 166 ub™(2.76 TeV) PbPb 166 ub™ (2.76 TeV) Centrality 0-10%
> e (o < < e (0 TTITTTT TTITT[TTTT TITT]TTTT TT1 assoc
pT,jet pT ; >12(5 GeVic dentrallty 0-10% pT t>120 GeVic ,'1<pT <2 GeVie
S T 1<p3*°<2GeV/c S

40
—e— Sideband Background
| —— Background Fit
Systematic Uncertainty

S(An,A¢) / ME(An,A¢)
S(An,Ad) - B(An,Ad)

2 4 0 1 2 3 4 3
3 Ad
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Zoom in on the jet peak after subtracting

CMS Preliminary
PbPb 166 ub'1 (2.76 TeV) Centrality 0-10%

ijet>1 20 GeV/c 1<p:_ss°°<2 GeV/c

S(An.A9) - B(AnAg)

| 6/30/2015 Dragos Velicanu - Hard Probes 2015




Project into An
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o=
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CMS Preliminary
PbPb 166 ub'1 (2.76 TeV) Centrality 0-10%
ijet>120 GeV/c 1<p:ss°°<2 GeV/c
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Repeat for pp
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CMS Preliminary
PbPb 166 ub'1 (2.76 TeV) Centrality 0-10%
ijet>120 GeV/c 1<p:ss°°<2 GeV/c

T L BRI I
[ Centrality 0-10% ]
8 Projected |A9|<1.0 .

—4— PDbPb Inclusive Jets .
—4— pp Inclusive Jets 4
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An versus Centrality

CMs Preliminary PbPb 166 ub™ (2 76 TeV) pp 53 pb(2.76 TeV)
SR B T LS RIS TN B L I LR BLRLELALE "LELILELE BURLELELE BN B IR BLBLELELE “LELELELE B TTrrrrrrre LU BULILRE
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Subtract pp from PbPb

CMS Preliminary PbPb 166 ub™ (2 76 TeV) pp53pb (2.76 TeV)
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Leading vs Subleading

* Look at leading and subleading k

in dijet events 7
e Standard CMS HI dijet selection

— Reconstruct all jets with |n] < 2.0

— Leading and subleading reside |n| < 1.6

— |dijet Ad| > 51/6

— Leading jet p; > 120 GeV/c

— Subleading jet p; > 50 GeV/c

‘ I
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Vary centrality for Leading Jet

CMS Preliminary PbPb 166 ub™ (2.76 TeV) pp 5.3 pb™ (2.76 TeV)
L L I L LA BLELELELE LA BLELELELE BLELEL AL “LELELELS BLELELEL BLALELEL BLELELELE ILELELEL ILELELELE ~LELELELE BLELELELE BLELELELE BLELELELE BLELELLE BLULELLE
- [ Centrality 50-100% Centrality 30-50% T Centrality 10-30% 1 Centrality 0-10% i
g 8 1<pj35°°<;zeewc Pr e’ 120 GeVic T antik, jets, R=0.3 T Projected |Ap[<1.0 ]
[i}] o : ’ T+ T b .
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Vary centrality for Leading & Subl Jet

CMS Preliminary

PbPb 166 pb™' (2.76 TeV)

pp 5.3 pb™(2.76 TeV)
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Subtract pp from PbPb for Lead and Subl

CMS Preliminary

PbPb 166 pb™' (2.76 TeV)

pp 5.3 pb™(2.76 TeV)
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Yield in Leading vs Subleading Jets

Integrate to find excess yield

_llll|||||||||||||||||||||||||_IIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIII IIIIIIIIIIIIIIIIIIIII IIIIIIIII IIIIIIIIIIIIIIIIIIIII IIIII
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Yield in Leading vs Subleading Jets

CMS Preliminary PbPb 166 ub™ (2.76 TeV) pp 5.3 pb” (2.76 TeV)
A-a :IIII|II\I|II\I|II\I|IIIIIIIIIIII::IIII|IIII|III\|IIII|IIII|I\II|IIII::IIII|IIII|IIII|IIII|\III|IIIIIIII::I|||||\|||||||||||||||||||\|||||:
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8 4 T A9, >5n/6 1 o E
Z 40 E E kS E
B =t s E L ]
‘g2F =+ =S tm ]
£ Fa - :
=+ Ea E E3 E
T oM 5 OO et e 3
= o T T T ]
E oo bbb b b b b b b b v b b b b b b v b b b b b o Lo
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Integrate to find excess yield
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Yield in Leading vs Subleading Jets

CMS Preliminary PbPb 166 ub™ (2.76 TeV) pp 5.3 pb” (2.76 TeV)
L s e L L L L L I L L L I L L LS L L L UL L IR IR
% 75_ Centrality 50-100% + Centrality 30-50% T Centrality 10-30% T Centrality 0-10% E
S 6; “8— Leading Jets TPy 120 GeVic - anti-ky jets, R=03 | Projected jAn|<1.0, Kol<1.0
—8%F = subleading Jets 3 Py > 90 GEVEC 1 ngl<16 2 3
8 4 T Ao, > 5n/6 T E | E
pd 3:_ e 12 I T ]
2 7k *
= ES
o P S C S —
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i1 2 3 4 5 8 7 1 2 3 4 5 66 7 1+ 2 3 4 5 6 7 1 2 3 4 5 6 7 8
Track p_(GeV/c) Track P, (GeV/ce) Track P (GeV/c) Track P, (GeVlic)
Vary associate track p; : Less excess particles at higher p

* 1.0>p;>2.0GeV/c
* 2.0>p;>3.0GeV/c
* 3.0>p;>4.0GeV/c
* 4.0>p;>8.0GeV/c
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Width of the Leading vs Subleading Jet

CMS Preliminary

oomramsoreon ] Fit the distribution with the sum of two Gaussians
S Bl 1<p™™**<2GeV/c - centered at zero
O]

[ —#%— PbPb Leading Jets
~ 6 —#— pp Leading Jets T
.

flz’izf- _a*a. -

—4— PbPb Subleading Jets
[ —4— pp Subleading Jets

Width = |An| range that contains 67% of the total
correlated yield
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|An| Width Leading vs Subleading Jet

PbPb 166 ub™' (2.76 TeV)

CMS Preliminary

pp 5.3 pb™'(2.76 TeV)
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e Jet track correlations were measured for leading
and subleading jets

* Inclusive jets are pp-like in peripheral collisions
out have an excess vield in central collisions at
OW P

* Subleading jets have greater excess yield
compared to pp than leading jets

* Leading and subleading jets in PbPb are broader
for low track p; compared to pp, effect goes away
at high p;, no strong centrality dependence
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Vary Centrality |Ad |

pp 5.3 pb” (2.76 TeV)

CMS Preliminary PbPb 166 ub™' (2.76 TeV)
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Vary Centrality Leading & Subleading |Ad]|

PbPb 166 ub™ (2.76 TeV)

CMS Preliminary

pp 5.3 pb (2.76 TeV)
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Leading |Ad | width

CMS Preliminary PbPb 166 ub™ (2.76 TeV) pp 5.3 pb™ (2.76 TeV)
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CMS Preliminary

Subleading |Ad | width

PbPb 166 ub™ (2.76 TeV) pp 5.3 pb™' (2.76 TeV)
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Missing p; comparison

« Missing-pT analysis: projects all tracks onto average
dijet axis, takes subleading minus leading hemispheres

« Jet-track analysis: could do the same from correlation—
just weight by p+2s°ccos(Ad)

« Cross-check shown perfect consistency between
the two studies

« Missing-p; phase space:
— An-A¢ area integrated into each
Ar bin (cartoon for illustration)

— Last Ar bin shown is catch-all

for Ar>1.8 \\\\\\//]III

"N\~ ll’

MS, /1
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ALICE Jet Broadening Statement

PLB 712 (2012) 176
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http://www.sciencedirect.com/science/article/pii/S037026931200487X

