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The KTeV/E832 Detector

Pure KL “vacuum”® beam|
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Used for measurement of Re(e'/e) iIn K —»7tn




The KTeV/E/99 Detector

Two Beams: BOTH are pure K “vacuum” beam
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K —Nny, Ny

* These decays exhibit multiple sources of
photon emission:

* iInner bremsstrahlung: charged modes
only

INnner brem direct emission charge radius



K. - Nmy®
* These decays exhibit multiple sources of

photon emission:

* direct emission: all modes

- M1,E1.M2,E2.... multipole terms possible

inner brem direct emission charge radius



K - Nmy®

* These decays exhibit multiple sources of
photon emission.

* charge radius: virtual photon modes only

inner brem direct emission charge radius



KL S TUTTY
* M1 DE is lowest order tferm, IB and E1 DE
violate CP

* Must include energy dependence in M1
amplifude:
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* Fit data using above amplitude, float
variables in yellow.
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K —TrTry

* A likelihood fit was made to the ~111.4K events

after all cuts
2 _
XDOF—85.8/85
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K —TrTry
* Parameters for CP conserving M1 direct emission

* Legend:
- 1) 96 KTeV K, -y
- 2) 97 KleV K -mme'e
- 3) NA4AB K —Tmrmre'e
- 4) 97+99 KTeV

K -T1re'e

-0.8 07 _ . |
a /a, (GeV?) S) This result:
¢ g, =1.198

*a/a=-0.738
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K —TrTry

* Parameters for CP conserving M1 direct emission

* Legend:

- 1) 96 KTeV K| - 'y
- 2) 97 KleV K -mme'e
- 3) NA4AB K - mrre’e

- 4) 97+99 KTeV
K —Trme’e

— 9) This result:
°g, =1.198

. 01/02= -0.738



K —Trrere”
* Similartfo K - 'y, but with a virtual
photon emitted.

* Over 5000 events after all cuts
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K —Trrere”

* InK —mme*e”, unlike iIn K -1y, M]
and E1 amplifudes interfere with each
other, resulting in better sensitivity to the
CP violating E1 direct emission process:

- 1g, !/ 1g, | <0.04(90% C.L)

\

E1 coupling M1 coupling
conserves CP
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KL STrIrete

* There is another process that can
contribute, namely the charge radius
process, in which K -> K. y*

— O =0.163 £ 0.014(stat) £ 0.023(syst)

charge radius coupling

- leads fo......

- <r’ > =(-0.077£0.007 £0.011 ) fm*

KO charge radius
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KL STrIrete

* There is another process that can
contribute, namely the charge radius
process, in which K -> K. y*

— O =0.163 £ 0.014(stat) £ 0.023(syst)

charge radius coupling

- leads fo......

- <r’ > =(-0.077£0.007 £0.011 ) fm*

KO charge radius
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K, - TPy
* This decay probes higher order ferms in
the multipole expansion compared to
K -1yt
- With a real photon and no charged particles,

this decay should be dominated by the E2
direct emission process

— Bose statistics, combined with gauge invariance
rule out the possibility of M1 or ET ferms
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K, - Terey

* This process vanishes at O(p*) in ChPT, so
it is a probe of O(p°)
— Nuclear Phyiscs B396:53

* Current theoretical estimates of
branching ratio:

- Br(K - m°rty) < 1x10° Physics Letters B307,182
- Br(K - m’ry) <7 x 10" Nuclear Physics B413,321

* O(p°) estimate
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K, - Terey
* Search for events with a Dalitz decay, i.e.
K -1y, —e‘ey

* Normalization mode is K - 1°1°re, , with

one photon lost down the calorimefter's
beam holes.



K, - Py
* For the entire KTeV E/99 dataset, one event is
seen in the signal region after all cuts.

~ 1997 Data o 1999 Data
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Result for K, - 11ty

* Use unified confidence belt method to
determine final result.

- Phys Rev D57,3873

* Method indicates that we must quote an
upper limit, which leads to:
Br(K - m°rty) <2.32 x107"(90% C.L.)

PRELIMINARY :1997+1999 DATA
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K - tooy®
* The analysis of K - rre*e” displayed an
example of the charge radius fransition
K. = K, v, where K, -t and v —»e*e
* Does the transifion K — K y* exist?

* Look for common K decays
accompanied by a e*e pair.
- K| - mmmtaccounts for ~31% of the K 's widfh.

- Look for K - @ andK - mremy®
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. e DATA
* Result with 40% of MC: BKGR

KTeV E799 data - MESIR v BEGEH

* 2847 candidate
events
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M(nreeyy) [ GeV ]
* Br(K - ey, EM>10MeV) =

- Measured : Not ready yet
- Theory : (1.65+£0.03 ) x 104 (Z. PHYS. C 76,301)
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. e DATA
* Result with 40% of MC: BKGR

KTeV E799 data - MESIR v BEGEH

* 2847 candidate
events

* Using m’— e*ey

M(nreeyy) [ GeV ]

* Br(K - ey, EM>10MeV) =

- Measured : Not ready yet
- Theory : (1.65+£0.03 ) x 104 (Z. PHYS. C 76,301)
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K S 1mrlete

* Using 40% of
KTeV E/99 data

* 132 candidates
* PRELIMINARY!

e DATA
MC: BKGR
— MC: SIG + BKGR

No Theory
- 0.55
Mode! M(zmyyee) [ GeV |

* Br(K, - mrmreter, EXY >20MeV)=
- Measured:(1.60 + 0.18(stat) + ??) x 107
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K S 1mrlete

* Using 40% of
KTeV E/99 data

* 132 candidates
* PRELIMINARY!

No Theory
On This

Mode! M(nyyee) [ GeV |
* Br(K, - mrmreter, EXY >20MeV)=

e DATA
MC: BKGR
— MC: SIG + BKGR

- Measured:(1.60 + 0.18(stat) + ?7?) x 107
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K o T1Prrlete

* Results with full

KTeV E/99 dafa
No Theory :
o & e DATA
For This ] | o SIGNAL MC

Mode!

* No events seen

* First experimental study, will have to use phase
space in order o produce limit on branching ratio
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K - TPrerey
* Analysis still in progress
* Will use m°— etey

* Have the same situation as K - rr‘re*e-

— Can only produce phase space limit

* Only direct emission process should
conftribute.
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Bottfom Line For K — mooy®

* Once the branching ratios have been
measured, the form factors for the
observed modes can be explored.

* K -’y must be due to direct
emission and charge radius fransitions
* The lack of theoretical work on most of

these modes limits us To quoting results
pbased on phase space.
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Ongoing Work by KTeV

Final value for Re(e'/¢e)

K s — mny direct CP violation search
K, — meve*e branching rafio

K, — n’eey, nyy branching ratio

K, — n°n’n® form factor

K,— e*ey branching fraction and FF
n’— e*ey branching fraction

K — n°n’ue, nue and n*-> pe limifs

K — n°m’up search
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Conclusions

* New branching ratio limit for
K — Ty

* New FF measurements for

K -1y K —Trmmete”
* First Observations/Limits :

K ey, K mree, K - erertee
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Extra Slides



33

* Result from KTeV
E832 data

* 2853 candidates
* PRELIMINARY !

047 0.48 0.49 0.5 0.51
Mass 'y /GeV

* Br(K -y, ESM >10MeV) =

- Measured : (1.66 £ 0.03 £ 0.03 £+ 0.03) x 10“
— Theory : (1.65+0.03 ) x 104 (Z. PHYS. C 76,301)

0.52
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Radiative Semileptonic Decays

* Radiative modes were studied in order 1o
correct the semileptonic branching ratios
used fo determine V..

* Troy Andre's KLOR program was used o
generate events with full first order
corrections.

— KLOR (hep-ph 0406006) can be found at
hitp://kpasa.fnal.gov:8080/public/pubs/ktev/klor/kl
or.tar.gz
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K —Tevy

I'K,—»mevy,E >1OM€V)
Y =(4.942+0.042+0.046) %

F<KL_)7T8V> x’/dof = 19.3/ 24

Entries/10 MeV

0.1 015 0.2 - -0.5 0.5
min E_ (GeV) max cos(6,)

0 005 01 015 0.2 . -0.5 0 0.5
min E_ (GeV) max cos(6,)
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K - Tvy

'K, —»muvy; E >10MeV
. y ):<0.53OiO.Ol4(stat)iO.012(sysf>>%

I <KL — Tl V> x°/dof =13.1/ 10 x°/dof = 19.7 / 24

Entries/10 MeV
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min E_ (GeV) max cos(6) )

0 0.025 0.05 0.075 0.1 1 05 0 05
min E_ (GeV) max cos(6) )
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+ -
K —e'ey
This mode is the final state of K —yy

Allows the form factor for K —yy to be explored

Allows test of ChPT fo O(p°) via branching rafio
measurements;

- Phys.Lett. B398:387/:

Allows test of DIP model

- Phys. Lett. B423:385

Can also test BMS model

- Phys. Lett. B131:229
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* New Form Factor Results:

- For BMS model: Ca,.= -0.517 £ 0.030(stat) + 0.022(syst)
- For DIP model: o ,=-1.729 £ 0.043(staf) £ 0.028(syst)
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Model of decay for K - 1Ty

* Three different decay amplitudes
contribute to K, - 11Ty

) 10,
E |K |= 4M" 1, - °
B\ L 2 2 2
EY 1—B"cos (9)
M K |=ig__ allaz +1|e
R TYIM M2 +2E M
P K Yy K
B i(61+q5€)
EDE KL =8¢
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Energy Spectrum
. EY spectrum dominated by low energy IB

photons and high energy M1 DE photons

* Normalization
between
components is
arbitrary

Probability (Arbitrary Scale)

Amplitudes vs E,
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| |
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0.15
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More Results For K — 1Ty
* Determined upper Iimit for CP violating

direct emission:
- g,,< 0.21 (90% Confidence)

— Sensitivity : 0.078(stat) , 0.117(syst)
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