CMS./ | CMS Experiment at LHC, CERN

\, | Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520
Lumi section: 249
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Jet 0, pt: 205.1 GeV|

Jet 1, pt: 70.0 GeV

What have we learned from missing transverse
momentum measurements?
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» Central PbPb A, modification relative to pp and MC
* Look outside the jets for the missing momentum
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Observation of Dijet Asymmetry in PbPb
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Initial Study of Mlssmg Momentum
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. Baléncing (Missing pt> 0) spectrum softer
» Large contribution found far from jet cones
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New Study of Dijet Missing Pt

— Increase from initial 6.7 yb’

anti-k: calorimeter jets
(See backup slide here)

Corrected for efficiency/fake rate
See backup slides here and
here)
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Analysis: The Dijet Axis

¢p-dijet
eliminates
non-closures
in A
(see backup)

Flip subleading jet and bisect axes
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Analysis: Binning Tracks by A

P2

_ TSubIeading
~ {|Leading

Pirk

Track here
contributes to
Leading side: p} = —c'™ x pi* x cos (¢ux — Paiiet)
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Analysis: Binning Tracks by A

¥ »  Isybleading
{|Leading
v First bin A
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same as jet
| | cone
First bin A
A = \/ (’7trk 77]et) ((Ptrk - q’iet)z
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Analysis: Binning Tracks by A

n TSubIeading
" i|Leading
Increasing A ->
v Move away
from leading
and subleading
| lets
Second bin A J
A = \/(Utrk — 77jet)2 + ((Ptrk — q’iet)z
A
g, 1




Analysis: Binning Tracks by A
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Missing Ptvs. Awith R = 0.3

A, Inclusive

anti-k, R =0.3 p.,>120;p_ >SOGeV
166Mb (276T€V) |Y|||T]|<O6 A(i) >5J‘E/6
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* Missing ptr measured in A mcrements of 0. 2
* |n central PbPDb, balanced by lower pr particles
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Mlssmg P and Jet Radlus Motlvatlon

PYTHIA gen-level . Gen PYTHl A :
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o Left: Jet shape in Gen. PYTHIA for different R

* Right: Shifting third jet position in Gen. PY THIA relative
to subleading jet for different R
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Multiple R Missing Ptvs. A

A, Inclusive
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Zoom on pp and PbPb Distributions (I)

B} CMS A, Inclusive anti-k, Jet; 0-30% Py >120 Pr >50 GeV Inlhql<06 Aq> >5n/6
AJ Inclusive <PT>p'kA[GeV] [80.51.0 C11.0-20 E204o -4080 B 5.0-300.0 M, '<24
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Zoom on pp and PbPb Distributions (ll)

JHEP 01
(2016) 006

PbPb

(0-30%)

» Subleading (> 0) peak shifts outward in A from R = 0.2->0.5
* Third jet possible position pushed out with R increase
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pp and PbPb Cumulative Curves (l)
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pp and Pbe Cumulatlve Curves (II)

" (0-30%)

166 ub™' (2.76 TeV)
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» Curve difference between PbPb and pp in first bin A
* Forall R, curves similar between PbPb and pp with A > 0.2
* Primary difference of PbPb and pp is in softening spectra
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Difference of PbPb and pp (|
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Difference of PbPb and pp (Il)
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* High pt change in first bin A from R=0.2->0.5 within systematic

* Low pr excess increases in both magnitude and angle with
R=0.2->0.5

* Final bin is catch-all; increase w/ R suggests growing tall
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dN/dpt for all R

5.3 pb™ (2.76 TeV) 166 ub'1 (2.76 TeV)
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* Low prcontribution (0.5-1.0 GeV) ordered in R

« R=0.2-> R = 0.5 difference greater than summed statistical
and systematic error
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Gen JEWEL Missing pT, R=0.3 (0-30%)
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A

Eur.Phys.J. C74 (2014) 2762

* Missing prt curve using Gen. JEWEL w/ medium recoil, 0-30%, unsmeared

p,,>120;p ,>50GeV Lk |<1.6;A9 ,>5n/6
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* See backup for exact running parameters (here)
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Gen JEWEL Mi

Issing pT, R=0.2 and 0.5

anti-k, Jet; 0-10% py,>120;p,>50 GeV Il I<1.6;A¢, ,>51/6

<pT>pw [GeV] @ 0.5-1.0

1.0-2.0 E02.0-4.0 - 4.0-8.0 M 8.0-300.0 M, <24

» Comparing F ==y =B'2- - R705 cE:l;ziP%?ZL
the highand @ 262
low cases of 7=
clustering
parameter R Gen JEWE 2 0 2 (0-300/0)
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C}:

) [GeV]

P,

» Missing pr finely measured through large angles A

 Different dijet configurations were sampled by R variation
 Cumulative curves similar for all jet R in PbPb and pp

* Modification primarily of constituents carrying momentum
* Future: look to generator comparisons and unquenched probes
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Impact of Tracking Cuts on Missing Pr
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Jet Reconstruction with HF/Voronoi Algorithm

CMS-HIN-14-010-PAS

: ——r
1& Minimum bias Calo R=0.3 ‘/SNN =276 TeV
* PbPb 50-100 %1 HF/Voronoi , 30-50 % I Inl<2 10-30 % I CMS Preliminary 0-10 %

10" _HYDJET & 0=0.7 GeV % o =2.0GeV
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Random cone E; after UE subtraction (GeV)

« UE at mid-n mapped by energy deposition at forward-n
* Equalization removes negative energy towers
« Shifted from surrounding positive energy towers

* An energy correction based on fragmentation is applied
to minimize bias from non-linear calorimeter response

* Applied to pp and PbPDb
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Track Reconstructlon and Correction
101 =058 I—genl partllcle o

"o o reco. trk

o 107 g o corrected trk
. . . c 10° =
» Define tracking correctionon 2.
© . 5
: . = 10
track-by-track basis as: 5 1
<
107 PYTHIA+HYDJET &= PYTHIA E
10®E HI Tracking = pp Tracking .
Ctrk _ (1 - misreconStruCtion) % (1 . SecondarY'parthle) _::::| -+ ] __':H| ——+++Hh -+ ]
(efficiency) x (1 + multiple-reconstruction) 1QGO@GGOO@@OGOQGQO0¢¢-¢-%Ei9009'9000@@@‘9GQ@@GOQ@ID'(#'(?' :
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Eh | Simulation
| Ll Ll tl vl Lol
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* Correct for efficiency/fake rate (+ secondary/multiple reco. in pp)

* |terative tracking corrections in pt, @, n, centrality, and minimum
jet distance
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Summary of Systematics R =0.2/0.4/0.5

R=0.2 R =04 R =05
A <02 0220 | <02 0220|<02 0.2-20
Jet reconstruction 1 0.1-04 1 0.1-0.5 1 0.1-0.7
Data/MC differences for JES 2 0.1-0.5 2 0.1-0.4 2 0.1-0.3
Fragmentation dependent JES 1 0104 1 01-03 1  0.1-03
Track corrections 2 0.2-0.7 2 0.1-1.1 2 0.1-1.1
Data/MC differences for tracking 1 0.1-0.2 1 0.1 1 0.1
Total 3 0.2-0.9 3 0.3-1.1 3 0.2-1.1
N
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Event Fraction

3rd Jet POSltlon |n Gen PYTHIA

Gen PYTHIA+R 0 2 f
p >30GeV/c = R=0.3 -

. =R=0.5 -

=R=0.4 -
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Gen. PYTHIA Jet Shapes
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Dijet Axis and Non-Closure

s PYTHIA+HYDJET CMS Simulation A s PYTHIA+HYDJET CMS Simulation -
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Missing Ptvs. Awith R =0.3 (Ay <0.22)

Scale—>
Change § .

(Decrease &,
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Missing Ptvs. Awith R =0.3 (Ay > 0.22)

A,>0.22
5.3 pb™ (2.76 TeV)

anti-kt R=0.3

P, >120 P, >50GeV

166ub (2.76 TeV) ln||n|<06 A¢ >5n:/6

-4080
B 8.0-300.0

Intrkl <24

* Low pr particles enhanced by cut on A;> 0.22
« Cumulative curves track despite scale change
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p_.> 120 GeV L <16
530" (276Tev) 166ub(276TeV)  antikR=03 P, >50GeV Ao >5u6
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Missing Ptvs. Aywith R = 0.3




Hemisphere <A _ >
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Hemlsphere MultlphClty leference
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* Multiplicity excess towards subleading side
shows centrality and A, dependence
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Multiple R Missing Prvs. A (As > 0.22)

Ay > 0.22

PP

PbPb__,
(0-30%)

PbPb - pp-
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Multiple R Missing Prvs. A (As > 0.22)

CMS A >0.22 anti-k, Jet; 0-30% P >120 p >50 GeV InIInI<O6 Aq> >5n/6
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leference of PbPb and pp vs. Aj
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» Potential R dependence in low pt contribution (0.5-2.0 GeV)

» Total missing pt between PbPb and pp shows no difference
iIn each bin (within systematic)
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JEWEL Parameters

e params.job1.dat ->

 medium.params.dat ->

Gs, |
wgéé
e

MEVENT 10000

FTHIMN 90,

FTHRAX -1,

ETAMAX 2.5

MEDIUMPARAMS medium,example,dat
KEEPRECOILS T

SURTS 27R0

SHOETHEPHC T

COMPRESS T

LOGFILE output/160722154059,/ jobl, log
HEFPHMCFILE outputA1B0722154029 jobl , hepmc
NIJOB 22154029

TI 0,40
CENTEMIN 0O,
CENTEMAZ a0,

N ..
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Events

Events

llllllllll

1111111111111111111111

data

JEWEL A@p and A, sanity checks
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* Distributions follow expectation if not necessarily mirroring
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