Dark matter search in the mono-lepton channel
with CMS

Klaas Padeken
On behalf of the CMS Collaboration

RWTH Aachen Ill Phys. Inst. A

CMS-PAS-EXO-13-004
20. September 2013

I1l. Physikalisches
Institut




Outline

0 Introduction

e Theory

e CMS Detector
© Analysis
© Limits

e Summary

Uhh Dark Matter!
We better bring a flashlight
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Introduction

Origin of the mono-lepton DM search

@ Analysis started out as W’ search with muons and electrons
CMS-PAS-EXO-12-060

@ Reinterpretation of W’ in terms of DM by T. Tait, Y. Bai
(arXiv:1208.4361)

@ Results are summarized in CMS-PAS-EXO-13-004
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Motivation

Why mono-lepton?
@ Experimental point of view:
e Good trigger for mono-lepton
events
o Clean, well simulated
background

o Low systematic uncertainties
from the detector

@ Theoretical point of view:
e Higher production cross
section than mono-Z
e Quark sensitive interference
effects

CMS Experiment at LHC, CERN

Data recorded: Fri Nov 30 05:20:24 2012 CEST
Run/Event: 208307 / 445184756

Lumi section: 287

N

MET O,
pt=1121.12
eta = 0.000
phi=2270

. |MT = 2082.6 Gev

Muon 0,
pt=1113.84
eta =-0.274
phi = -0.861

Event with the highest Mt in the
muon channel
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DM- Effective theory 8

Model following

arXiv:1008.1783
General J. Goodman, et al.
e Effective Field Theory (EFT)

@ Pair produced fermionic DM ()
@ A reduction to 3 model parameters possible:

o Effective Energy scale A = (M)

V9x9q
o Dark matter mass M,
o Relative coupling to the quarks ¢

Concrete Implementation:
The most interesting and actively used couplings:

1 - o
Vector (V): ﬁm“x £iQivuqi spin-independent

) 1 _ .
Axial-Vector (AV): pm"f’x &G qi spin-dependent
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Interference -8

At the production two initial states can interfere. Reduction of the quark
state to a single relative factor:

visible in mono-jet/

Interference not
mono-photon events J

1 _ _ -
V: ﬁX’Y“X (Uy"'u+ &dvy,d)

1 _ _ _
AV: ﬁxv“vsx (" ys5u + EdyHysd)

The interference is described by a relative ¢ between up- and
down-type quarks. The interesting values are { = —1,0, +1.
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Signal Cross Section

CMS Simulation

3 li IR LR T %
@ Cross section flat vs M,, 2% N ]
up to 100 GeV e E
@ Sharp drop at high M, I ]
o Strong dependence on L0 N =60Gey 3
§=0+1 ° _3: ——ViE=+1 :
@ Small difference between ~ °F ——vi=o0 E
AV and V P Xj;lﬂ ]
o A scales the cross section  10°F  ~e-AVE=O
(no change in the R \
kinematics) e T o

More interference later!
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CMS Detector
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Muons in CMS

Muon Reconstruction
@ Tracker + Muon System

@ Triggering all non isolated
muons with pr >40 GeV

@ Resolution 1-1.5% at 10 GeV,
~8% at 1 TeV

@ Overall efficiency
(Barrel/End-cap)

; (Trigger x Reco x ID) ~
Lo —+— 90%/78%

rackeronly : )
-#- Global 3
—+ Sigma switch 3
-~ TuneP 3

14

of <09 —_ Analysis Requirements
0 CMS-MUO-10-004  ———

RO @ pr > 45GeV

oot DS @ |yl <21

. :

J J i @ ID optimized for high pr
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Electrons in CMS

Electron Reconstruction

@ Tracker + ECAL

@ Triggering all electrons with
Er >80 GeV and a loose ID

@ Resolution better than 1% for
ET >100 GeV

@ Overall efficiency
(Barrel/End-cap)
(Trigger x Reco x ID)

y < 84%/80%
“ ~~ Analysis Requirements
@ £r > 100GeV

@ n| <25

@ Shower shape and track
requirements optimized for
high Er
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Electrons in CMS

Missing Transverse Energy

Particle Flow £ used, dominated by
the reconstructed lepton.

Electron Reconstruction

@ Tracker + ECAL

@ Triggering all electrons with
Er >80 GeV and a loose ID

@ Resolution better than 1% for
ET >100 GeV

@ Overall efficiency
(Barrel/End-cap)
(Trigger x Reco x ID)

\ ~ 84% /80%

Analysis Requirements
@ Er > 100GeV

@ n| <25

@ Shower shape and track
requirements optimized for

high Er
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Analysis Selection

The main value to identify signal
events is Mr:

Mr = \/2-p% By (1—cosAdy,) \ a

To reduce the background two
kinematic selections are used:

(A¢(1,E7)>2.5]

0.4 <pr/B; <15

CMS Experiment at LHC, CERN

Data recorded: Tue May 8 08:19:45 2012 CEST
Run/Event: 193621 / 1180868279

Lumi section: 1557

Orbit/Crossing: 408140266 / 1737

PIMET,
pt=1209.24
eta = 0.000
phi=-1.139
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Reco level kinematics

MADGRAPH 5
5 T T3 Model from T.Tait
< 10tk — mp,=1000 GeV _| € s — mg,,=1000 GeV .
= — 3 = _ B
= —mp=1Gev 12 — my=1Gev | arXiv:1008.1783
2 — m,,=500GeV 12 — m,,=500 GeV T
$UE my=50GeV 33 [ Mpy=50 GeV
° ¥ \ 1= L oy
{ \ i1 X+x)r
1 Ny E E /
e, 9 F &0 :
0% T Wi E F ~ p
Rk 3 - —
i E L o ]
‘l‘nﬁ'ﬂfm‘g\ug ,!‘”' X
10°L L" 10°E n\ﬁ’?‘f E
g et ] X
M ]
10% kil L 1 | | 1 L 1 | Ll || [ |
05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3
PIMET A (I, MET)

In a perfect tree level like world:
pr/Br =1and Ap(pr, By) = l

pr + Py = P+ pf
= Pr =Py + Py - Py



Analysis
[ 1o}

Reco level kinematics

CMSPreIlmmary o+ ETS [Lm 2ovn F BTeV
=300/ A = 200 Gev |

Spin Independem .W v Itl +smgle Iop
DM &=

DDY IQCD
—oDME=-1

—— DM £=0 IDibuson + data

CMS Preliminary p+ E’"‘“

1S Preli ary [‘Ldt 20fb* F sTev MADGRAPH 5
Sp;\sr?doegeer\\d;\n: sl IW v .n +single lop Model from T.Tait
arXiv:1008.1783

D DY IQCD

IDibuson * data

(x +X)

. 3 1
JEMiSS

In a perfect tree level like world: e
PIT/ET =Tand Agb(p’T, Erp)=m:

(rad)

PT +P7 = Py + P}
— Pr =Py +Pf - Pf
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Signal Shape

@ No difference between only
up or only down type quarks

@ This is the only channel that is
sensitive to the interference.

@ Heavier quarks (c,s)
production also contributes

signal shape for different ¢

CMS Simulation

— FTTTITTITrIT[TTI T TR
%0‘0145 —— &£=0uptype quark ]
g o012 —— & =0 down type quark |
i — e z
% .01~ E=+1 7
o L ]
—o0.008 -
i ]
= M, =10 GeV q
T 0.006 A\ =600 GeV =
~ ]
o ]
- 0.004 -
0.002 -
oL } P TRR R
1000 1200 1400

0 200 400 600 800

M; (GeV)
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M7 distribution

CMS Preliminary e+Ef™ [Ldt=20fb" (s=8Tev CMS Preliminary p+E"™  [Ldt=20fb" (s=8Tev
>107E) ooty ooy Bl T Tm > ‘b””d”"‘w‘l””
> M, = 3b0 Gev A = 2bo Gev .W—>Iv .QCD 100 4= 3b0Gev A =200 Gev .Wﬁh, .‘Hsingkmp
o106 Spin Independent o Spin Independent
s DM &= +1 Wi+ single wop[y + ets ‘_|105 DM &=+1 [ Jov Baco

10
~, 4 — DM £=0 DDY .Dihoson \]_O4 ——DME=-1 .Diboson « data
ﬂlo DM £=-1 dat 2
c —_— =- « data c g
] (] E
> el =

500 1000 1500 2 2500

1000 1500 2000 2500
M, (GeV)

M, (GeV)
Challenges for mono-lepton

@ electron channel benefits from the high ECAL resolution

@ Signal would change the steepness

@ Low M7y region more sensitive
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Limits

Limit calculation

@ Multi-bin limit over the hole My range

@ Bayesian approach

o Uniform prior for parameter of interest
° Log-normal priors for systematic uncertainties

CMS Preliminary e +E™ CMS Preliminary  p+E™®°

> T > oot S
< [ —e— AllSyst. ] £ L — uscae
g 0 87 —— e scale B g 0 8— — presolution
(O] .o . - @© 0.6 — wkactor
Q r e resolution b Q [ —— daame scatefactor b
% F — Wkfactor e + ET 7 % [ Zu:p ' / + ET
[0 [ —— data/mc scalefactor i ) [ wer
2 0'Gj pileup ] 2 0'65*"‘“
% r MET % r
= 04; —— pdf ; = 04;

L QcD f F

0.2; _ 0.2 &
07500 1000 1500 2000 2500 3000 "500 1000 1500 2000 2500 3000

MT (GeV) M (GeV) 18



Limits

Limit calculation

Model parameters:
@ Coupling: V or AV
@ Mass M,
@ Interaction scale A
@ Interference parameter ¢

Possible Limits
@ Cross section vs. M, (direct observable)
@ Avs. M, (direct interpretation)

@ Dark matter-nucleon cross section vs. M, (recalculation of A)
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pp-Cross section

T T T T T T
—— Observed limit ~ms DM th/\ 200
- - Expected limit

| [ Expected £ 10

[ ]Expected+ 20
10Limitin 95 C.L. AV
£ Spin Dependent
[electron + muon & =+1

—— Observed limit .- DM with A=200
- - Expected limit

7] Expected + 10

7|:| Expected + 2 0
10ELimitin 95 C.L. V

£ Spin Independent
[electron + muon & =+1

CMSpreIlmlnary 2012 20fb F 8 TeV CMSpreIlmmary 2012 20fb™ Vs =8 TeV

- DM with A=250 - DM with A=250

production cross section x B (pb)
production cross section x B (pb)

1 10 10? 10°

1 10

@ 95% C.L. exclusion limit on the pp-cross section
@ No dependence on M, or on the coupling (Vector vs. Axial-vector)

20



pp-Cross section

Limits
o] Yo}

10 CMS preliminary 2012 20 b {s=8TeV
E T T T
F Observed limit - DM with A=200 B
t---- Expected limit g
=== DM with A=250 B

[l Expected + 10
[ ]Expected+ 20

HimtinoscL. & = +1
[ Spin Independent

[electron + muon & =+1

=
o

[

production cross section x B (pb)

1 10 0?
Mx

10°
(GeV)

production cross section x B (pb)

CMS preliminary 2012 20 fb™ F 8 TeV

T
—— Observed limit
[---- Expected limit
| [ Expected + 10

1
H  |Expected+20

[ Limitin 95 C.L.
I Spin Independent

-+ DM WIthA 700
--- DM with A=900

£=—1

[electron + muon &=-1

E

1 10

@ The important My region changes with ¢

@ Higher signal efficiency — high M7 important

0? 10°
Mx (GeV)

21
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Comparison of all limits on pp-cross section

production cross section x B (pb)

production cross section x B (pb)

CMS preliminary

10 T

10°

2012 20fb™ Vs=8TeV
T T

CMS preliminary 2012 20fb* 5=8TeV.
T

~— Observed limit
Expected limit

DM with A=200
- DM with A=250

— Observed limit
- Expected limit

DM with A=500

--=- DM with A=600

Limitin 95 C.L.
Spin Dependent
electron + muon

production cross section x B (pb)

CMS preliminary 2012 20 fb™* 5= 8TeV.
T

— Observed limit
- Expected limit

DM with A=700
DM with A=900

production cross section x B (pb)

1 10

10 10°
M, (GeV)

, CMS preliminary 2012 20 fb* {5 =8 TeV
T T

1 10 107 10°
M, (GeV)

CMS preliminary 2012 20 fb™ {s=8TeV
T T

1 10

DM with A=200

--=-- DM with A=250

“— Observed limit
~ -~ Expected limit
[ Expected + 10
] Expected+ 20
Limitin 95 C.L.
Spin Independent
electron + muon

DM with A=500

-=-- DM with A=600

production cross section x B (pb)

"— Observed limit
-~ Expected limit
[ Expected = 10

DM with A=700

-=- DM with A=900

Limitin 95 C.L.
Spin Independent
electron +muon  §=-1

production cross section x B (pb)

10 10°
M, (GeV)

@ limit dependence on ¢

1 10

107 10°
My (GeV)

1 10

@ note the different cross

section scales

22
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Reinterpretation of o, in terms of A £ = +1

CMS Prellmlnary 2012 20fb* Vs=8TeV CMS Prellmlnary 2012 20fb™ (s=8TeV
—~ I R R A s e e e —~ e AR T T
> 4501 =4 > 450F E
[} E E ) E B
2 400 4 2 a0 E
< 350[ETT Tt M - < 350:1 ----------------------------- é
- E 300[ Q -
250F. Spin Dependent = £ Spin Independent W
E electron + muon &=+1 B 250:7 electron + muon & =+1 OB
200F Limitin 95 C.L. | ZOOi Limitin 95 C.L. o
—— Observed limit d —— Observed limit
150 __... Expected CL limit 150 ----- Expected CL limit

100/ 2 Expected CL + 10

[ ] ExpectedCL+20 100| ] Expected CL+ 2 0
50 A=M,/(2r9)

s A=M/(2m)
A=2M, ‘ A=2M,

1 10 10° 10° 1 10 10° 10°
M, (GeV) M, (GeV)

@ Effective theory validity shown for A > 2M,, ( gygq = 1) and A 2 M, /(27)
(9xgq = (47)?)

@ M, dependence of A due to production o

@ No phase-space for high M,

[ Expected CL £ 10

23
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A limts

CMS Preliminary 2012 20 fb™ Vs =8 TeV CMS Prellmlnary 2012 20fb™ Vs =8 TeV
%) lSOOSpln Dependent‘ N Eigggsg ::2:{;2; ;201 % lSOOSpm Independent Eiﬁ:ggg ::2::;2:? )
© 1600 f—"m" in95C.L. i gﬁiiff/ee?j l;.rnrr:.[sz%rr E{+11 © 1600 f"m” in95C.L. i Eé’liﬁi‘é Illimmlittff%rr Ezzll
r —— Observed limit for =0 < r —— Observed I!m?t for EiO
1400:, _ i.\lj:ﬂexr/veg limit for &=+1 1400; _ gljiﬂi?(/;%hmn for E=+1
L A=2M [ A=2M,
1200F e, g 12000
1000 4 1000/—— e
O & r
600 . 1 -
400 e E
200F S =
o ] b ]
1 10 0 10° 1 10 10° 10°
M, (GeV) M, (GeV)
E=—1]€6=0]&=+1]&=-1]£=0] =41
M, V A[TeV] AV A[TeV]
1 1.06 0.75 0.33 0.99 0.69 0.33
10 1.05 0.74 0.34 1.01 0.71 0.32
100 1.06 0.75 0.31 1.01 0.70 0.33
500 0.72 0.51 0.23 0.89 0.62 0.28 24
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Limit on DM-proton cross section -8

10% CMS preliminary 2012 20 fb™* Vs =8 TeV
F— Observed imit ... CMS monojet 2012 ]

& | gus 2=+ Expected limit
o O] Expected+ 10 -~ Super-K W'W-
g ZEDExpecledtQU - lceCube W'W
Q1o ELimit in 90 C.L. 3 o, .
G [SpinDependent .- sipLE 2012 @ 90% C.L. on the DM-proton cross section
3 jparLelectron + muon &= +1
-

@ Allows comparison with other DM experiments

1ozsE — — w2 qué\’ 5
1 g . osi(N) == %) A=Ng =Ny
E T N
10"
F o 3;1,2 quN M, - M,
e 7o) = TG n=
Mx (GeV) m q X + P

0 CMS preliminary 2012 20 fb™* s =8 TeV

=11 =2, =1 =1and f =0 for other

T ]
Observed limit === CMS monojet 201.

S0 et L om0tz AP = A7 =0.842+£0.012
c 10:3§:|Expec\ed:2cr - === SIMPLE 2012
8 10%Eamitinsoc.L L Sosent 2o AP = A =-0.427+£0.013
Z 10% 5PN independent g <1 COMSI2010 b
T 10%
. @ Recalculation from A (not observable)
1o @ direct detection much more sensitive on
10+ spin-independent coupling for M, >few GeV
10%
10"

25
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Limits for DM-proton o

CMS Preliminary 2012 20 fb™ /s =8 TeV CMS Preliminary 2012 20 fb™ Vs =8 TeV
IR — Expected limit for &=-1 oo LT & [ Expected limit for §=-1 o A
£ 10% . Spin Dependent - c 103 o Spin Independent
o -------- Expected limit for £&=0 E o -------- Expected limit for £&=0 3
N~ e Expected limit for £=+1 B ~ e Expected limit for £&=+1 ]
g —— Observed limit for £=-1 g 10"%®} —— Observed limit for £=-1
O 10°%| —— Observed limit for £=0 o —— Observed limit for §&=0
6 —— Observed limit for &=+1 6 37| —— Observed limit for E=+1
= = 10™'¢L
2 e F
> 038 > E
107 10%8¢
1095 B _ 10% E
: ] 10%L
1040 E g
i Ll Ll L 0%y Ll Ll L
1 10 10 10° 1 10 107 10°
M, (GeV) M, (GeV)
€= -1 £€=0 £=+1

M, | A[TeV] | op[cm?] | A[TeV] | opy[cm?] | A[TeV] | opy[cm?]

095 [ 35x107*"| 068 |[55x107* | 0.31 |27 x10~8
10 097 [10x107%™ | 068 [ 1.7x107F | 031 | 9.0 x10~
300 | 086 | 1.9x10°® | 060 |32x107F | 030 | 1.3 x10~¥

—_
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Summary

Summary -8

Successfully investigated the mono-lepton dark matter

interpretation

Evaluation of the kinematics for mono-lepton events

Studied the effect of interference

No observation of dark matter

Limits for various scenarios

27



Backup
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Electron selection

Trigger

Summary

HLT_Ele80_CaloldVT_TrkldT, HLT_Ele80_CaloldVT_GsfTrkIdT,

Exactly one good electron. To avoid turn-on: Er > 100 GeV.

Quantity HEEP v4.1
EB (0< |n| <1.442) EE (1.56< |n| <2.5)
SC Er 35GeV 35GeV
|An]| 0.005 0.007
|Ag 0.06 0.06
H/E 0.05 0.05
Cinin - 0.03
EZ3[ES%S >0.94 or E1x5/E5x5 > 0.83 -

EM + Had Depth 1 Iso < p*0.28 + 2+ 0.03"Et

Tracker Isolation 5GeV
Inner Layer Lost Hits <1
|dxy| < 0.02cm

< p*0.28 + 1+ 0.03*Et (pr>50GeV)
< p*0.28 + 2.5 (pr<50)
5GeV
<A1
< 0.05cm

29
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Electron Performance in CMS -8

Barrel HEEP ID Endcap HEEP ID Electron Resolution

CMs Preliminary, 1§ = swjm =196’

CMs Preliminary, E:ET:V.ILm:]qsm‘ €
: : = so
£ H T z
) RRig i ; Ir E ‘ e
= g B [N £ 1 __
ity et i_g £ =
* Tl ==
8 -0. a0 R o ol
. P e ——2,jnj<08
- e
0 g ni<t.
I~ ~ —e 7,148
0. 1, foje
bt —_— ——Y {18), n<1:48
S o 0
e 3 I } -
- 0.
I i 10 2 3 2 5 G
o " % H electron p_(Ge
€, (e € (cev)

@ Good data-mc agreement for the HEEP ID
@ |dentification easier for high pr

@ Electron resolution well simulated for in the accessible region
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Muon selection -8
Trigger l

HLT_Mu40_eta2p1

Require exactly one good muon. The muon has to be a global muon
and a tracker muon at the same time, with

at least one hit from the muon detector in the global track,
at least one hit from the pixel detector from the global track, and

muon segments in at least two muon stations.

the transverse impact parameter with respect to the beamspot of
less than 0.2 mm in order to further reduce cosmic background.

@ the longitudinal distance of the tracker track wrt. the primary vertex
is d; <5mm.

@ to guarantee a good pr measurement more than five tracker layers
with hit(s) are required.

@ Apr/pr < 0.3, to suppress muons with an uncertain pr.
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Mu40_2p1 for HighPTID

Mud0_2p1 for HihPTID

Mud0_2p1 for HighPTID

100

100

E——
S——
e

0

ocmi<os
1 CMS Prosiminary, 5+ 8 eV |
CMSSW 53X Run A B.C £ 0: 1088

uon Performance in CMS

vl il
200 300 400 ' 500
Muon p, [GeVic]

1

2000 30 a0 " s00
Muon p, [GeVic)

—

122t ]

cus P
CusSWSIXRnA 8,80 19387 ]
20 w00 500
Muon p, [Gevic]

Summary

CMS Simulation
T

— T I at T )
S | A=so0cev - AV My=5 GeV] T 1
000a- - -y 3
g I V M,=5GeV ] T !
8 — VM= GeV ] 5 |
=2 ] 8 ]
e r s - - |
Soons S e . |
[ ° B e ]
= 3 o9 4
o H |
oo} o0sf- - ——y
o7 4
—— wwer, <ssocove ]
06 simutation CMS Proliminary, {3 =8 Tov |
* Dstanec CMSSW 53X RunA,B,C & D: 198" |
| ]
1 1 Ll 1 1 0.
L L & L 1 2 E] 0 1 2

Muonn [

Strong n dependence of the single muon
trigger

Signal produced in the central region

Flat efficiency for high pr
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possible couplings \%

Scalar like
m
I
/TSXX qq
m,
9.5 =
XX aq

Mg _  _ 5
XX arag

The focus of recent papers was on the vector, %fm*”x a°q
axial vector like coupling: Vector like
1 A%Sm“x 7.9

. Y. ~ 1
Vector: 5x7"x  qmq XX T

i 1 — L, n = 5
Axial-Vector: ﬁgyﬂf’x a.7°q R x @’

1
ook 5 = 5
XX qvuY g

For a detailed study look at paper Beltran et al. 1 Tensor like
(arXiv:0808.3384). EXox Gouna
%e‘waﬁfwwx Goasq

strong gluon Coupling
... 33
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Summary

Cumulative M+ distribution

7CMS Preliminary e+Ef™ [Ldt=20fb" (s=8Tev CMS Preliminary p+E™  [Ldt=20fb" {s=8Tev
107 T T T LR — p — L B e B 1= A — B
ngswcsnce, W1V WD S10° wors [evsngen
D 10° o onocer I+ single top [l + jets 8 10° W 1y M=1500 Gev IDY I
&, 5 —— w evmez000cev WMoy >ee Hovy >u N FINC G - 4 A<4000 GV - HHgece
10 " DM m,=300 Gev A=200 Gev,
S 10° e+ E Wl oiboson « data =10 I —+ E IDY L ID\boson
T B systuncer. 103 = __
103 N —— - data
2 2 ]
S c
i g
W 10 M- & [ °F

500 1000 1500 2000 2500 500 1000 1500 2000 2500
M, (GeV) M, (GeV)
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NLO Corrections W -8

CMS Simulation (s =8TeV
s B Higher Order Corrections s FH Higher Order Corrections
el LO with LO PDF R l=“_| LO with LO pdf
S0k 5 —— Qqcp S102F QCD DEW
SV E Ew a5 = ——— QCD OEW
; 10 E LO with NLO PDF ; 102 E
%10"’ E %10'4 ; =
o5k =&EE;= < o F 1
5 —Es‘%gb Sl e
S10°E Vs =8TeV. GEN | 51060
° E i S107E
QCD O EW
.%45 S SR -%.4_ - aco 0 ew
[ I RimamatEay T2 S
Jlass s e S ncertainty of parametrization
iy i L
0.5 = 0.8 S
500 1000 1500 2000 2500 500 1000 1500 2000 2500
M, / (GeV) M; / (GeV)

@ NLO QCD with MCatNLO

@ NLO EW with HORACE

Ac(NLO)/AM
® k(Mr) = Ao((LO))//AMTT

@ combination additive and multiplicative
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Interference -8

vector-coupling:

HXVX (07" u + £dvy,d)

simplified:

((a+¢b)[?

= |af® + [¢b* —2R(¢ - a- b)

= lafP + b2 —2-¢-a-b

for & = —1

— |al®> + |b]? + 2 - a- b (constructive interference)
fore =0

— |al? (no interference)

for & = +1

— |al]® + |b]?> — 2 - a- b (destructive interference)
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