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Colour Coherence

ALICE

Resolved substructure Unresolved substructure ~ Partons that are separated by less than the
| characteristic scale of the medium, A__,, won’t
be resolved as independent emitters.

Where O is the opening angle of the jet and O
is the characteristic scale determined by the

medium.
Casalderrey-Solana, Mehtar-Tani, Salgado, The opening ang|e of the jetis defined by the
Tywoniuk Phys.Lett.B 725 (2013) 357-360 . . iy .
largest antenna, given by the first splitting (in
vacuum).

Two consequences if colour coherence is in effect:

* Non-resolved jets will radiate coherently as a colour singlet and substructure will be
pp like (energy shifted).

* Resolved jet constituents will radiate incoherently resulting into a stronger energy

loss.
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P,(med)/P,(vac)

Colour Coherence

14 §=1-2 GeVZ/fm .
I L=5fm —— coherent+BDMPS

0 —— incoherent

o.6f

[Mehtar-Tani, Tywoniuk, arXiv 1610.08930]

ALICE

Partons that are separated by less than the
characteristic scale of the medium, A__,, won’t
be resolved as independent emitters.

L2 _ 2
Apeg =1 —e 12870 =1 — ¢=(0/0)

Where O is the opening angle of the jet and O
is the characteristic scale determined by the
medium.

The opening angle of the jet is defined by the
largest antenna, given by the first splitting (in
vacuum).

Theoretical calculations, using C/A and soft-drop at high p; to define axes of first
splitting, predict a sensitivity in the probability of 2-pronged jets to coherence effects.

In the case of

the probability of 2-prongeness is dramatically suppressed.

In the coherent emission + hard BDMPS radiation case, an enhancement of the 2-

pronged probability is expected. _
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Antenna Axes Calculation %

k: algorithm RLICE
p/GeV | - Recluster jet constituents with k; algorithm in exclusive
50 - mode and N, ..=2 .
® - * The two axes are the axes of the two subjets combined in
" imall T! the last step of the reclustering algorithm history.
20 1 . . .
* No angular or p; cuts are introduced, no jets are rejected
10 4 (only single track jets are rejected).
0

0 1 2 3 4y * We then measure jet shapes relative to these axes:
* AR: aperture distance between the axes.

* 1,/T,: observable that measures how well the jet
constituents are aligned with respect to the two axes.

Fig. from M.Cacciari, https://indico.cern.ch/event/502239/contributions/2279351/
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W jets

QCD jets . .
AR and Nsubjettiness
(= ALICE
nee T AR and t,/1, are calculated relative to the two antenna axes.
1

Relative occurence
o
o
D

* AR ->n- distance between axes.
* T,/T,->measures the two prongness of the jet.

0 0.2 0.11 ofje?‘e 0.8 1

65 GeV < mj <95 GeV

-The Nsubjettiness, 1, jet shape (where N can be any positive integer)
015 T is @ measure of how N pronged a jet’s substructure is.
2 o\ : . :
-Initially developed to tag jets from Higgs decays such as Higgs -> W*W-,

Relative occurence
o
S

0.05

: AR .-> n-@ distance
Min(AR. ,AR. ,,...,AR. ij
0 02 04 06 08 1 ;pT’l ( il b2 l’N) between track i and subjetj

T. = et e .
65 GeV <m <95 GeV N R Pz ->Pr of ith jet constituent
02, Pri
i=1

0.08 = .
007 R, Jet resolution parameter
» 0.06 .
5 05 T,/T, Ty->0 Jet has N or fewer well defined cores
3 0.04
£ 00s Ty->1 Jet has at least N+1 cores
& 0.02
o T,/Ty, >0 Jet has N cores
oz o g o5 T,/T,->0  Jetis 2 pronged

[J.Thaler et al,JHEP 1103:015,2011] . .
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ALICE Simulation

PYTHIA Perugia 11 Vs =7 TeV
Anti-k; charged jets, R=0.4
—=20<p <40 GeV/c

i,

-5 —-=—40< pT’Jet <60 GeV/c |
10 60<p, , <80 GeVic E
10_6 | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | \7

0 01 02 03 04 05 0.6

AR

* AR: opening angle between axes.
* T,/1,: by how much jet constituents are aligned with respect to those axes.
* Mild p; dependence of the shapes.

&
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Analysis Details and Correction Procedure
ALICE

Raw distributions:
Two systems: pp Minimum Bias at Vs=7 TeV and Pb-Pb (0-10% central) at Vs,,=2.76 TeV

Charged particle tracks as input, p;©°™t > 0.15 GeV/c
anti-k; algorithm, R=0.4, E-scheme

Background subtraction:

Average background removal from shape observables event-by-event using new techniques:
Derivative (Area based) Subtraction [G.Soyez et al, Phys.Rev.Lett 110 (2013) 16] .
Constituent Subtraction [P.Berta et al, JHEP 1406 (2014) 092] (default method).

Combinatorial background suppressed in Pb-Pb using hadron-jet coincidence technique.
Correction for residual background fluctuations and detector effects via unfolding:
2D Bayesian techniques (T.Adye, CERN-2011-006 )2011) 13).

are applied to unsmear the jet p; and the shape simultaneously.

Reported results in p;range: 40-60 GeV/c in both systems.
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1/N"*® dN/dAR

Fully Corrected pp Results

ALICE

Data mean =0.182+0.003 (stat) Data mean =0.638+0.005 (stat)
PYTHIA mean = 0.177+0.001 (stat) 4PYTHIA mean = 0.667+0.001 (stat
/8 e e -3 N L L DL B B ]
C A|_I|CE prelnminaryl ! ! ! — AI|_|CE D;ta ! ] ~ - ALICE Preliminary —=— ALICE Data 7
6:— pp 1527 TeV —— PYTHIAPerugia 11 ] ~3.5F Ppis=7Tev —=— PYTHIA Perugia 113
- Aniick, charged jets, A= 0.4 -~ Shape Uncertainty 1 ) C Anti-k; charged jets, =04~ Shape Uncertainty 1
5 :_ 40 < pJ:Lch <60 GeV/c _: -Q 3? 40 < ﬂT ™ <60 GeV/c —E
L T 5 <25 == :
¥ —— 1 Zis -
C ] — B ]
S g i == = E
—_— _ C — ]
1:_ E 0'5? —_—— i
O:I 111 | 111l | 111l | 111l | 111l | 111l | 111l | 111l | 111l 111 I: 07_':_‘ | | | ‘ | | ‘ | | ‘ | | ‘ T | <|
0 0.050.10150.20.250.30.35040450.5 0 0.2 04 06 0.8 1 1.2
] AR T,/T,

The systematic uncertainties include contributions from the tracking efficiency
uncertainty (dominant), choice of the prior, regularization and truncation of the input
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1/N"*® dN/dAR

Fully Corrected pp Results

ALICE

Data mean =0.182+0.003 (stat) Data mean =0.638+0.005 (stat)
PYTHIA mean = 0.177+0.001 (stat) PYTHIA mean = 0.667+0.001 (stat)
7 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII — L — L — T 1 L — T T
- ALllCE Prelliminaryl | | I—-—AILICE Dzlalta | . lﬁh 4; ALICE‘ Prelimina‘ry | — AUCE Dat‘a .
gL PP {s=7TeV —— PYTHIA Perugia 11 \(\B BF ppVs=7Tev —=— PYTHIA Perugia 11]
E Anti-k; charged jets, R = 0.4 - Shape Uncertainty E = ) - Anti- k, charged jets, R=0.4 Shape Uncertainty -
5:_ 40<p1:‘:°h<60 GeV/c _: %/ 3} 4O<pj:t,ch<60 GeV/c {
E —— : =5 L E
4 - © =Yt " .
ab E 8 2 -+ = s
- === ] < - S ]
C ] ~ 1.5 — ]
2__ -] v B .
—— z i = == -
1= . N T .
: ! ! ! . 0.5¢ —— E
00 0050101502025030350404505 07—~—m”m A T B B
AR 0 0.2 04 06 0.8 1 1.2
|
T,/T,
* AR well described by PYTHIA.
* Worse agreement for 7,/T;, mean shifted by 0.029+0.005 (stat).
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1/N®® dN/d(z /7))

Subtraction Performance in Heavy lon %
Background AIGOE

L ALICE Prelzliminary
6 :_PYTHIA (S = 2.76 TeV

” 0-10% Pb-Pb Embedded

L Anti-k; charged jets, R = 0.4
- 80 < ' < 100 GeV/c

=——— particle level
= cmbedded unsubtracted
=——g—  embedded const. sub

embedded deriv sub (2™ order)

£ _
3F —

: e

3 = T
OE—___|—--H—||||—°—1
0 0.2 0.4 0.6 0.8 1 1.2

T,/ T,

PYTHIA jets embedded in real 0-10%
most central Pb-Pb events.

Embedded level reconstructed jets
matched to PYTHIA level part jets to
form response.

New subtraction methods applied to
subtract the pedestal background per
jet simultaneously from the shape and
the p;:

e Constituent Subtraction
e Derivative Subtraction

 Subtracted jet shape approaches that of original probe.
* Small Residual differences corrected via unfolding.
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Heavy lon Environment Background

Response

AR is modified by background fluctuations
that replace a subleading axis at large angle.

L L L B B
ALICE Preliminary

0-10% Pb-Pb Embedded PYTHIA VSNN =276 TeV

Anti-k; charged jets, R = 0.4
jet.ch

80 < plT,parl <100 GeV/c

AR embedded

107"

;l__u_d_\\H‘HH‘HH‘HH‘HH‘\H _:
L A

o b b by
04 05 06 07 08 09
AR part

T,/T, resilient to shift in axes due
to soft/large angle background.
The background fluctuation needs
to carry a significant fraction of the
jet momentum to modify t,/T;.

7,/7, embedded

5 GeV/c cut on leading
tracks in each subjet

Suppresses shift in axes due

to soft background

0]

RLICE

«J

0.8
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0.6
0.5

AR embedded

0.3
0.2
0.1

E

ELANLLL L
ALICE Preliminary

0-10% Pb-Pb Embedded PYTHIA M =276 TeV
Anti-k charged jets, R=0.4

80 < [ﬂ <100 GeV/c

Subjets Leadlng Track Pt > 5 GeV/c Embedded level

bl

0O 0.1

- T T e
2.2 ALIGE Preliminary
oF 0-10% Pb-Pb Embedded PYTHIA {5, = 2.76 TeV
1 8i Anti-k; charged jets, R = 0.4
= 80 < p**" < 100 GeV/c
1 6; T.part
1.4
1.2F
1
0.8
0.6
0.4
0.2

0
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N
1 12 14 16 1.8 2 22

7,/7, part
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Comparison of Embedded PYTHIA and

Raw Inclusive Pb-Pb Data @M@E

T T T T T T T T ‘ T T T T ‘ T T T T T T T T T T —~~ T T T ‘ T T T ‘ T ‘ ‘

m - ALICE Preliminary l\-‘:\ ALICE Preliminary
~ 0-10% Pb-Pb \'s,,, = 2.76 TeV 1 - 0-10% Pb-Pb \s,, = 2.76 TeV E

~~ 1 | NN ] \\l NN
2 - Anti-k; charged jets, R = 0.4 3 o - Anti-k; charged jets, R = 0.4 .
O [ 80<p™"<100GeVic . = | 80<p""<100GeVic I .
- - < pT < ] o I < pT < ]
2 [ T |3 4 L
—l— r ]
\1 -1 i ~ 49 N .
=0 4+ : o, - :
B ] 2 i | —_— ]
L i ~— B + N

—|— ~—
C 4 o Data Const Sub —
-|— Data Const Sub 10 E i -
102k ] - — 4 Pythia Embedded Const Sub | -
- - Pythia Embedded Const Sub ] -
| statistical errors only —— ] ' statistical errors only 7
| | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | I | | 1 0_3 | ‘ | | ‘ | | ‘ | | ‘ | | ‘ | |
0 0.1 0.2 0.3 04 0.5 0 02 04 06 0.8 1 1.2

AR T,/ T,

Small differences between embedded PYTHIA and raw data point to small quenching effects.
If jets were “resolved” a suppression of large AR jets would be expected — No Suppression
observed.

->However there is a strong contamination of fake axes at large angles, due to background

fluctuations. Needs full correction.
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Substructure of Recoil Jets %

: trigger @&E@E
hadron
(D 10'§|"|"'!"'|"'|"'|"'|"'|"'§
S " ALICE | 0-10% Pb-Pb |5,y = 2.76 TeV]
© 1e Anti-k; charged jets, R =0.4 5
S B i T-Ap<0.6 ] 7

5 107'¢ : OTT{8,9} E r : : .

S5 Intogral: 1.644 + 0.005 - Use semi inclusive hadron-jet cmpuden.ce
Q102 ® o TT{2050) = measurements to suppress combinatorial
© 2 0ol 8- Integral: 165100093 hackground and to measure jets and jet

E E

° ok _D__._ 3 substructure down to low p; and large R.
—|_E —4_ -@- i

2 10F f o —e— 3 : : . .

10 -E[i] 5 -+ N The yield of jets recoiling from two exclusive
EH] i Statistical errors only —{— 1 high p; trigger classes is measured.
6 1 | |

—
Q

v b b b b by
0O 20 40 60 80 100 120
pfj‘;"’h (GeV/c) The difference in yield of the two classes

’ provides an IRC-safe and combinatorial free

jet sample that can be unfolded.

|
g
o
|
N -
o

ALICE,JHEP09(2015)170

Extension of technique to 2D:

Difference ( : jer ) ( : e >
1Ierence = . — .
Ntrig d<Shape>de,jet TTsignal Ntrig d(Shape>de,jet TT

Nima Zardoshti - JetWorkshop Aug 17 - CERN
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1/Ny;, dN/d(7,/7,)

70

60 - Anti-k; charged jets, R = 0.4 — TT{15,45} E
- - TT{8,9} .
C -~ Ap<0.6 : N
50 e - TT{15,45}-TT{8,9}
C  TT{15,45} - TT{8,9} { 1189}
T 20<pf"" <40 GeVie ¢ . ]
40 ; Statistical errors only 7:
301 =
20F —_— =
10 =
L . : —r——r— ]
o PR ﬁ ol e 1 | ]
0)

0 0.2 0.4 0.6 0.8 1 1.2

T,/ T,

Raw Substructure of Recoil Jets

20 < py e <40 GeV/c

40 < p; o < 60 GeV/c

x10°

ALICE Preliminary
0-10% Pb-Pb {5,y = 2.76 TeV Trigger Class

7/l \

ALTCE

T T I T T T I T T T I T T T I T T T I T T T I T
ALICE Preliminary

0-10% Pb-Pb {s, = 2.76 TeV
Anti-k; charged jets, R =0.4

: . o >
O O w oA~ OO

TT{15,45} - TT{8,9} ~ TT{15,45}-TT{8.,9}

40 < P < 60 GeV/c

Statistical errors only

1/Ny;q dN/d(z /7))

—

iy e

.

Difference yield approaches signal yield with increasing py . .
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Fully Corrected Recoil Jet Shape in Pb-Pb

Data mean =0.652%0.011 (stat) ALICE
PYTHIA mean = 0.670+0.002 (stat)

P 4 T LI LI LI LI LI LI LI
l;\ - ALICE PrelimiLary | | e ALICE Data .
\N 3.5 0-10% Pb-Pb |5, = 2.76 TeV —-—PYTHIAPerugi_a11 —
o 35 Anti-k; charged jets, = 0.4 + Shape Uneertany 3 In addition to the systematic variations
— - <0.6 — . .
g - TT{1AE:045}—TT{8,9} e done in pp, the Pb-Pb analysis also
S 25 40<p <60 cevic { E considers the uncertainties due to:
8 2F | =
< 1 - ] * The choice of the subtraction
= 1oF : E method.
1= = * The uncertainty due to the EP bias
0.5F ‘ = induced by the trigger track.
FI 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 IIII:
8.2 03 04 05 06 07 08 09 1
T,/T,

e Alignment of radiation relative to the two k; axes is similar in Pb-Pb and PYTHIA
e Full correction of AR ongoing.
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Alternative Axes Finding Strategies I
ALICE

The axes obtained by different strategies can be sensitive to processes of different scales
Axes finding strategies under investigation:

* ks exclusive with N=2

* Minimisation (Multi-pass axes)

* C\A on soft dropped jets (Axes finding done post grooming)

* Other strategies of interest

Nima Zardoshti - JetWorkshop Aug 17 - CERN 16



Minimisation Strategy N
RALICE
To find N axes:

* Pick N random starting axes

* Perform an iterative minimisation procedure to determine a local minimum for N-
subjettines

* Repeat process X (X=100 for this analysis) times with different random starting axes
* Pick the final axes that give the lowest minimum value (out of the X times performed)

* These axes are the best guess of the global minimum

Calculate jet shapes using these axes
Choice of number of possible axes is not constrained by the number of jet constituents

Nima Zardoshti - JetWorkshop Aug 17 - CERN 17



Differences in Axes Finding Strategies

R=0.1
R=0.2 —>
<&— 2Gev/c

axis
1 Gev/c
R=0.3

2 Gev/c k; Exclusive N=1

1 Gev/c

R=0
R=0.3 2 Gev/c

axis
1 Gev/c

Jet Mnimisation

Nima Zardoshti - JetWorkshop Aug 17 -

RLXCE

N
T, numerator = E pT,iARz’,l
i=0

(1x0.2)+(2x0.1)=0.2+0.2=0.4

In some cases the different
strategies can have different
results

(1x0.3)+(2x0)=0.3+0=0.3

CERN 18



1/N®® dN/d(z /)

PYTHIA comparisons of the strategies R
ALICE

7 — T T T ) I T . T T I T T T T T T I T i T . T i I T T T — —— 7 [ T T T T I T T T T I T T T T I T T T T I T T T T | T T T T _|
- ALICE Simulation Axis Finding Strategy m L ALICE Simulation Axis Finding Strategy
6 PYTHIA Tune A Vs = 2.76 TeV =-k; Exclusive N=2 < L PYTHIA Tune A (s = 2.76 TeV =k, Exclusive N=2
- Anti-k. charged iets. B = 0.4 - Minimisation . ~ 6 . ~= Minimisation -
L T ged jets, R =0. — ®) [ Anti-k; charged jets, R=0.4 -
C jet,ch n S~ - jet,ch n
5 40 < Pl part < 60 GeV/c ] Z 5 - 40< Prpat < 60 GeV/c ]
C ] o C —_— ]
L ] %) - ]
4 —_ ?) 4 ———— -]
L - ~ B e e |
3 ] — 3 —_— —
- — C —— ]
2 - — 2 — R —
- _— —_—— 7] C p—— ]
~ o —— T : _ :
— - [ J— —j—
- —— . o — ]
O — _i| ) I ) ) ) I ) ) ) I N , . : o N - 0 C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l_lo_l- & ' I I} | | | -
0 02 04 06 08 1 1.2 01+ 02 03 04 05 06

N
X

T,/T,

* Minimisation axes finding strategy shifts both shapes to lower values
* Shift expected in 7,/T, due to nature of minimisation (attempt to find global minimum)

* Minimisation of 7,/t,leads to enhancements at either end of the AR shape
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1/N® dN/d(z /T.)

Subtraction Performance in Minimisation

Strategy @"Még

O T T T I T T T I T T T I T T T I T T T T T ] P T T T T I T T T T I T T T T I T T T T I T T T T T T T T
= ALICE Simulation . c 10| ALICE Simuiation .
9 = 0-10% Pb-Pb Embedded PYTHIA {5, =2.76 TeV = < [ 0-10% Pb-Pb Embedded PYTHIA s, = 2.76 TeV i
8- Anti-k; charged jets, A =0.4 = ®) - Anti-k; charged jets, R = 0.4 ]
C jet,ch . ] -~ 10 jet,ch . —
F 80< P, part <100 GeV/c === particle level . Z | 80< pT,part <100 GeV/c === particle level i
7 = Minimisation axis finding strategy == embedded unsubtracted " o [ Minimisation axis finding strategy == embedded unsubtracted
6 E -=-embedded const. sub 3 ) 8 -=-embedded const. sub  _|
— - -— — -
- . 9 L i
5 3 - ]
- 3] Z 6 L ]
4F 7 ~— B 7
: : E—— — i
- e B - — _
C —C— —— . S e B — 7
2 - e -] - —r— —— —
— - — O e e s —
1 :_ —C —— _: 2 - e —— -
I ] - —— .
- —— . | s ] |
0 E o " " | " I—?—' | | | E | I | | | - O A Il ——ﬂ‘—l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 $ I e ] I’ Il L Il
0 0.2 0.4 0.6 0.8 1 1.2 0 0.1 0.2 0.3 0.4 0.5 0.6
T,/T, AR

* Constituent subtraction corrects the shapes back to particle level well for t,/7,

* AR shape not well corrected for all jets. Low p; large angle background remnants
responsible for large effects?
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AR embedded

Responses Obtained from Embedding with

Minimisation Strategy ALICE

o -

0.4

IIIIIII-IIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIJ— U 2.2_I I IIIII IIIIIIIIIIIII IIIIIIIIIIIIII_
ALICE Simulation — D - ALICE Simulation . 10
0-10% Pb-Pb Embedded PYTHIA {5, =2.76 TeV J © 2 = 0-10% Pb-Pb Embedded PYTHIA {5, =276 TeV o o
Anti-k; charged jets, R = 0.4 4J5=5 10 8 1.8 Anti-k; charged jets, R = 0.4 = 7
| 80 <pj <100 GeV/c 4 7 o) 1.6 = 80 < pfie <100 GeV/c I
Minimisation axis finding strategy E 7 E ) E Minimisation axis finding strategy E N
= o 14 = =P
= ~ C i (=
= 3] 1.2 - [
J 31 ~ 1E 4 4
4 4 (] - ]

107
0.2
0 v b b Py BT 0 co b b b b b by
0 01 02 03 04 05 06 07 08 09 0 02 04 06 08 1 12 14 16 18 2 22
AR part T,/T, part

* Both shapes have a more diagonal response compared to the k; exclusive N=2 case
» 2" peak still present in AR - constituent subtraction does not fully correct the variable

* These responses will be used as input to the unfolding of the recoil data
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Conclusions

ALICE

Measurement of new shapes sensitive to coherence effects by exploiting the jet
clustering history.

First fully corrected jet shape measurement at large resolution R and low jet p;
using the hadron-jet coincidence technique.

Fully corrected 1,/7, jet shape for recoil jets of 40-60 GeV/c presented. Structure
appears unmodified in medium compared to PYTHIA. Rare BDMPS gluon
emissions within the cone are expected to make the jets less 2-subjetty in this

jet p;range.

Will explore the feasibility of 3D unfolding in order to study the angular
separation (AR) of tagged two-pronged jets (t,/T,)

These exploratory measurements pave the way for more systematic and
detailed studies of jet substructure to probe key aspects of jet quenching such
as rare semi-hard BDMPS gluons and colour coherence.
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BACKUP
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1/N® dN/d(z /7,

o
4

oM W oo A

—

o

Model Comparison

L L L L B L L L ) L L LB LR
- ALICE Preliminary —=— ALICE Data ]
—  0-10% Pb-Pb {5, = 2.76 TeV —=— PYTHIA Perugia 11
T Anti-k; charged jets, R=0.4 Shape Uncertainty 1
:— m-Ap<0.6 —:
- TT{15,45} - TT{8,9} .
— 40<p"" <60 GeVic { —
- Y .
l I i
__ 1 —]
- i ]
- 3 =
S R T I I I
2 03 04 05 06 07 08 0.9 1

T,/T,

1/N.,, dN/d,/,

ALICE

Zapp, Stachel, Wiedemann,

6
. JEWEL R=0.4, 40 < p;“iet <60
N ® pp
O PbPb no recoil
L m PbPb recoil (der sub)
PbPb recoil (const sub)
4_
-
L =
2 On
© o
L on
L o*n Q_-_
g .
o ﬁﬁ ‘g .
Ooﬁkﬁﬁﬂl i ] 0|5 ] ] 1 1 %"

1:2/r1

PoS High-pTphysics09:022,2009

Incoherent radiation as modelled by JEWEL shifts the t,/t, distribution towards less 2-
pronged jets possibly due to back-reaction and semi-hard gluon radiation.
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ALICE Simulation

PYTHIA Perugia 11 Vs = 2.76 TeV
Anti-k; charged jets, R = 0.4
Recoil vs inclusive jets band

n - Ap < 0.6 for recoil jets
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