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Search motivation

fAre we truly sensitive in this portion of \
the phase space (?2)

Can we assume that the decay
A’ — eTe” is prompt without losing in

Qcceptance (2) /
/ 2 competing effects \

* For large values of ¢, the momentum
of the DP is higher to compensate for
a shorter lifetime

e At smaller values of ¢, the rest lifetime

kof the DP is longer J
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Selection criteria

Selection criteria
Vertex selection

* Exactly one good vertex Track selection
=Q=+1 * Track momenta in the range 6-65 GeV/c
=Vertex y* < 25 * Geometrical acceptance with STRAW 1-4 LKr
= Maximum Vix-Beam distance 40 mm NewCHOD
=105 m < Zyx< 180 m PID
= |ty = lig | < 2.5 ns *E/p (<0.2 u*, between 0.9 and 1.1 for ™)

=Track separation at Straw planes > 15 mm * Associated outer MUV3 candidate within 5 ns

=Track separation at LKr front plane > 200 mm

= Cut on the squared missing mass e The plan is to use the K — 7tete™ decay
= Cut on the resonances mass or maybe the SM channel K™ — y veTe™



Few informations about the previous analysis

- A

Br(K .. | M,v,- > 140 MeV/c®) = (793 £ 18], + 28 [ovor £ 03 | oier) 10~10 Experiment 865 at BNL (2002)
M,.,->140MeV — 2.2 % Signal acceptance
Events selected
_ M., > 140 MeV — 2570 Y.
Myto- from K — utrvete™ MC
*g 700; II\E/Intries 37796;12
2 600 Stabev 5608 Things to be refined/determined
500 "« Mass resolution on M, A
s00f- * Signal acceptance
- * Mass step (depends on the acceptance)
300—
* Normalisation channel
200—
- * Background estimation
1005— \_ j
N Y I N B I L o s o
0 50 100 150 200 250 300
M(e™,e)



Next steps

> A first rough estimation of the sensitivity can be done using only the K™ — u"ve*e™ MC and fixing
theN, and o(m,.,-) (taking it from other analysis)

ete

> Probably the approach to follow should be the data driven background estimation (fit the data
around M,. with a polynomial function)

> The selection needs to be refined to maximise the acceptance
> We really need to understand if we are competitive with other experiments (APEX for example)

> Lots of work to do in the last 2 years of my PhD






K+ N ,l/l+I/A/

3-body decay

- Mz + mj, — m/fy
AT OM,

LAB frame

N of Events

N of Events

Dark Photon energy spectrum in K rest frame

Entries 100000
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Mean 0.1492
Std Dev 0.05367
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A quick look at the 7,

LAB frame
T max for different cyt cuts
: A A A A
— | s A___A a 4 448
CYa Ty = C 4 )
107 E A P S = S ———
° a4 . a—A A C—
A
° T . a . A = : A A
* If on average A’ travels £, in the lab frame, then | Y S S
. . . . A a 4 A A 4o 4 4
its mean lifetime is 7. 107224, B A s —
. A 7y 7y A A A a
. . . - A A a A A a
* |f the maximum distance between the vertex of A’ — : . S S ——
° o, 0 o ° N A
and that of K™ to which | am sensitive is d ., this - | e s
means that | can distinguish two regimes: 1077 gaa e
i A A
® : 4 A A a 4 *
2, >d, . displaced : R
A
> fA, < dmax prompt 10714 E A a Ip5mm a 1,500 mm
. . ) ) 14 a [ 50 mm a 141000 mm
* The regimes can be translated in terms of lifetime: s £,100mm s Ly 2000 mm
a [ 200 mMmm
>7’14’ < Tmax prompt 10_15 I I I I I I I I
0 25 50 75 100 125 150 175 200
»7, > 1, . displaced Ma (MeV)

Introduciamo |I’accoppiamento
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A quick look at the 7,

T for different coupling € as a function of the DP mass

10712 -

1013 -

10~14 4
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— & 3107 e € 6°1074 £€9-107%

Assuming the only allowed decay mode is A’ — ete-
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7, ¢ level curves

3 DP mass coupled with € strength to SM 1, 4m§ 2’””1,%
107 - ['A"—> £7¢7) = —ae my, l +———
- — £4 10 cm 3 m3, mz,
— [ 20 cM
— [p 30 M #
—— 450 cm TA,:—
—— 4 100 cm [y
£, 150 cm
£4 200 cm B
C }/A/ TA/ - dlab
W
dlab — f(€, MA')
_5 = ° °
107+ * Construct a grid in the €, M, phase space
. . . . . . . , e Construct the contour lines at fixed values of d, ,
25 50 75 100 125 150 175 200
Ma (MeV) *y, is a function of the DP mass
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7, ¢ level curves

DP mass coupled with € strength to SM

103
—— 0(£y) 10 cm
—— 0(la) 20 cm |
— 0(fa) 30 cm k! * If my resolution is 6(Z,/) the upper region of the
Can’t distinguish befween — UEEA’; igocm phase space is the one in whicb | cannot distinguish
prompt and displaced g(/") g 22 ‘ between the prompt and the displaced decay
N
a(Lar) 200 cm
104 - * |s important to understand which is my acceptance in
w ] the upper region as the lifetime varies
By A study on the acceptance for different lifetime
107 hypothesis and in the mass range should be
performed
25 50 75 100 125 150 175 200
My (MeV)
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K™ — n7u"u~ with

Within the 50 cm
resolution on the longitudinal vertex position, K* — nFu*u*
and K* — w*u*tu~ decays (denoted K)' and K-, below)
mediated by short-lived (lifetime 7 < 10 ps) particles are indis-
tinguishable from three-track decays.
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acceptance the more
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Vertex study
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MC prompt: 2TV

Distance 2TV Vix Beam not approx Delta Zvertex 2tvtx wrt true MC info
ghDistanceVixBeam_true ghDZvertex_true_downstream
N Entries 536099 9000 - Entries 536099
30000 — Mean 12.41 — Mean 0.9029
- Std Dev  7.395 - Std Dev  42.79
- 8000 —
25000 — 7000
- 6000 —
20000 — -
B 5000 [—
15000 — -
- 4000 |
10000 — 3000 -
E 2000 —
5000 [— =
B 1000 |—
O_""[""l""l""l"-""l"+'|J'L'|'J"|"" - il AT T A T T N M T A AN A W Ty
=10 0 10 20 3 40 50 60 70 8 = 90 S00 150 100 50 0 50 100 150 200
d [mm] dz [cm]
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MC prompt: 2TV vs 3TV

Delta Zvertex 3tvitx wrt true MC info DZ 3tv and 2tv
hDZvertex_trueMC_3tvix hDZVtx_3tracks_downstream_ee
12000 Entries 531050 25000 — Entries 531050
— Mean 0.548 B Mean -0.3918
B Std Dev  27.63 | Std Dev 36.11
10000 {— 20000 |
8000 |— i
l 15000 [—
6000 |— i
- 10000 |—
4000 — |
— 5000 —
2000 — |
_IIlJ|LIJJ1|1II|IIII|IIII|II !'IIIL|11| _||1||J=|=,4',!:.||||||||||| |l|||1
—%OO -150 -100 -50 0 50 100 150 200 —%00 -150 -100 -50 0] 50 100 150 200
dz [em] d [cm]
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