NP etfects in neutron 3 decay:
a theory view
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New Physics searches with 3 decays #b{

Precise data

+

Precise SM predictions

[Vua = 0.97416(21)!1]
[Hardy & Towner'15]

Implications for New Physics? Competitive probes?

= Specific model; Begetal. (1977), Barbieri et al. (1985), Marciano & Sirlin (1987), Hagiwara et al. (1995),
Kurylov & Ramsey-Musolf (2002), Marciano (2007), Bauman et al. (2012), ...

= Something more model-indep? Effective Field Theory approach!
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Comparing experiments

© How to compare different nuclear beta decays? = pn (Cseve - Chersve)
+ ﬁ'yun (CVé'YuVe - C{/é'Yu'YSVe)

- Effective Lagrangian at the hadron level! .
+ 5;50’“’71 (Créou,ve — Cpéo,,Ysve)
— Yy (Caeyuvsve — Cheyuve)
+ pysn (Cpéysve — Cpév,) + h.c.

© How to compare with e.g. pion decays? [Lee & Yang'1956]
- Effective Lagrangian at the quark level!

2, - am;]

© How to compare with LHC experiments?
- Effective Lagrangian at the quark level at the EW scale!
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Hadronic EFT

_ Ca _ _
_‘Cn—)pe—ﬁe — CV (p’)’“n + C—VP’Y“’st) X €Yy (1_75) Ve

1
+Cspn x e(l—"5)ve + QC'Tﬁa‘“’n X €0y (1 —75) Ve

— Cp pysn X €(1 —v5) Ve + h.c.

+ terms with RH neubrinos




Hadronic EFT
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Hadronic EFT

—_— , == .
+Cspn x e(l—"5)ve + 5 Cr po*’n x eou, (1 —7s5) Ve
— Cp pysn X €(1 —v5) Ve + h.c.
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Linear approx:
SM + small + (small)?

(or simply no ve: Ci = D




Hadronic EFT

+Cspn x e(l—"5)ve + §C'Tﬁa’“’n X €0y (1 —75) Ve

G PGty bl——hep  “since the nucleons are treated

- M bt

Linear approx:
SM + small + (small)?

(Or simply no ve: Ci = C)

nonrelativistically, the pseudoscalar
couplings are omitted”

Wrong reason.. Ce = 34%(11) €r
[MGA & Camalich, PRL 112 (2014)]

Real reason: the bounds on ¢, from

Pi.cm decsz are much stronger!!!

- =




Hadronic EFT [Lee & Yang'1956]

iSM-‘*N‘P ]

% ZW”%H) X €Yy (1 - '75) Ve

1
+Cspn x e(l—r5)ve + EC'Tﬁa’““’n X €0y (1 —5) Ve + huc.




Hadronic EFT

[Lee & Yang’ 1956]
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Probing the Fierz term 4

Pe J Me\ Pv J
AE6J+(B+bBEc)EVJ}

Optinmal endpoint: 1-4 MeV
[MGA & Naviliat-Cuncic, PRC94 (2016)]
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Probing the Fierz term 4

v Direct effect in the spectrum: _ Optimal endpoint: 1-4 MeV
1 ar i [MGA & Naviliat-Cuncic, PRC94 (2016)]
TdE, | |
. . i PS: Not al s valid!
v Indirect effect in the asymmetries: < X o e vt
X = (Prokon specf:ru,m)

14+ b(m/E,)  [MGA& Naviliai-Cuncic, PRC94 (2016)]

Preferred directon
of bota ray emsion




Probing the Fierz term

Dt

<|

v Indirect effect in the asymmetries: X

v Indirect effect in the Ft-values & neutron lifetime:

r N Me —~ 3080
0Ty, 0Ft ~ —b 2
Tn’ < Ee > ﬁ 3070

L
— A,

Optimal endpoint: 1-4 meV
[MGA & Naviliat-Cuncic, PRC94 (2016)]

PS: Not always valid!
(proton specfzruw\)
[MGA & Naviliat-Cuncic, PRC94 (2016)]
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Precision:
0(o.01 - 1)% !

Current data (+ TH!'!

Nuclet

A

Ft (or—0+) values

Correlation coefficients

Parent

Ft (s)

10C
140
221\/{g
26mA1
el
34Ar
38mK
3Ca
42G8c
46V
50Mn
54CO
62Ga
74Rb

3078.0 £4.5
3071.4 £3.2
3077.9+7.3
3072.9+£1.0
3070.7£1.8
3065.6 = 8.4
3071.6 £2.0
3076.4 £ 7.2
3072.4£2.3
3074.1 £2.0
3071.2£2.1
3069.8 £ 2.6
3071.5£6.7

3076.0 £ 11.0

Parent Type

Parameter

Value

SHe GT/3~
32Ar F/B+
38mK F//B—i—
Co GT/B~
57Cu GT/B~
1141y GT/3~
140/100 F_GT/B—I—
26A1/30P  F-GT/B+
8L GT/B~

Pr/Par
Pr/Per
R

—0.3308(30)"

0.9989(65)
0.9981(48)
—1.014(20)

0.587(14)
—0.994(14)
0.9996(37)
1.0030 (40)
0.0009(22)

Parameter

Tn (8)

[Hardy-Towner'2015]

Exp Input: BRs, half-lives, @ values
Th: QED + Isospin symmetry breaking corrections

S = (szivx/da‘f)l/z
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[Hardy-Towner'2015]

Exp Input: BRs, half-lives, @ values
Th: QED + Isospin symmetry breaking corrections

: E Nuclear sEruchre—dep. corrections???
“ [Seng, Gorshteyn, & Ramse-j-MusoLf, 1¥12.03352]

[Gorshteyn, 1¥12,04229]

S = (szivx/do‘f)l/z



Precision:
0(o.01 - 1)% !
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[Hardy-Towner'2015]

Exp Input: BRs, half-lives, @ values

S = (szivx/do‘f)l/z

RC to correlations n neutron decay
known today with enough precision
for £5S measurements?

Th: QED + Isospin symmetry breaking corrections

: E Nuclear sEruch_re—dep. corrections???
“ [Seng, Gorshteyn, & raamse-j-MusoLf, 1¥12.03352]
[Gorshteyn, 1¥12,04229]




Precision:

Current data (+ TH!'! 0(o.01 - 19% !

[Red point added bj me ]

[From B. Plaster's talk at PPNS 2018]

UL L L L L L B B UL B Neubtron daka
“Pre-2002"

-0.11

Erozolimskii et al. Parameter Value

(s) 879.75(76) = (5 = 1.9'")
—0.1034(37) =

-0.11 Bopp et al.

0

Yerozolimsky et al.

B-Asymmetry A
o o o
® o -~»
//

Y x (S = 2.6

Liaud et al.

“Post-2002”

—1.2686(47)
—0.00012(20) =
0.004(13)

PDG 2017:
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Current data — Results

1.00
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M. Gonzalez-Alonso (CERN) NP searches in  decays




Current data — Results
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Ex. #1 | dn=f(Ci) — Oan — 0.6%




Current data — Results

{f ICy | 0.98595(34) Gp /+/2 1.00
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| cs/cy 0.0014(12) 0.94 0.08 1.00

{ Cr/Ca 0.0020(22) ~0.32 0.85 —0.31 1.00

® One can trivially calculate the precision needed in any other observable to compete:
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S ——————_— == = — - —_———

SM value

Absolute uncertainty Relative uncertainq;

3.2x 1073 0

47 x 1074 44x103 —0.10648(19) |
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1.2 x 10—‘31 1.2 x 1074 0.98713(5)
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Current data — Results
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— — — — — = = = = =

Absolute uncertainty Relative uncertainty SM value
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4.7 x 10~* 4.4 x 1073 —0.10648(19) |
6.4 x 1074
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i Perleeo-I111: Y0.2%  —0.11935(24)
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Current data — Results
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Ex. #2: Specf:ru,m skape measurements
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Current data — Results

] )
J ICv| 0.98595(34) Gr/V2
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Current data — Results

] -
d ICv| 0.98595(34) Gr/V2

| Ca/Cv | _ —1.2728(17) with o— | 008 100
| sy | T 0.0014(12) P=1 094 008 1.00
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Current data — Results

J ICv| 0.98595(34) Gr/V2

N Beyy/ean —1.2728(17) with o, | 008 100
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CA/CV = — 1.27510(66) y ‘
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An = —0,119%8(21) [Perkeo 111, 2.5x!] 050"

@ — no dark channel —128
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Quarks (low-E):

d—ueV




From hadrons to quarks

Y

- [Lifetime shift]
f ﬁ\ |Vud|2 + |Vus|2 + |Vub|2 7é 1

3\ Cv ~ gy G/;;u Vid (]. + NP
Ca/Cv ~ —ga/gv(1—2¢R)
Cs ~ gses

Cr ~ grer

— = —

- oG
Via = Vaa (1 + €1 + €R) (1 - —F>
Gr

M. Gonzalez-Alonso (CERN) NP searches in  decays




From hadrons to quarks

- 0G
Vid = Vua (1 + €1, —|—€R) (1 — —F>
Gr

|

y
1
|

| [Lifetinme shi:f?:] i

|Vud|2 + |Vus|2 + |Vvub|2 7é 1

M. Gonzalez-Alonso (CERN)

NP searches in  decays




From hadrons to quarks

de { [Lifetinme shift] |
- — | E——— Vad|® + |[Vus|® + |Vas|* # 1
| Cy ~ gvGpVua(1+NP = | b

u Inner RC:
‘!

2.361(3%)% [Marciano-Sirlin, PRLYG (Roos)]
2.467(22)% [Senq et al., 1%07.10197]

0GF

VudEVud(1+€L+€R) (1—G—F> K

M. Gonzalez-Alonso (CERN) NP searches in  decays




[ [Lifetinme sth&] i

|Vud|2 + |Vus|2 + |Vub|2 7é 1

Vid = Vua (1 + €5, + ER)

u Inner RC:
‘!

|

2.361(3%)% [Marciano-Sirlin, PRLYG (Roos)]
2.467(22)% [Senq et al., 1%07.10197]

e

Can the laktice say

ahything about it
it the near future? |

M. Gonzalez-Alonso (CERN)

NP searches in  decays



[A. Nucholson's talk. CIPANP2018]
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galQCP = |.271 £ 0.013
Nature, May 30, 2018

C.C. Chang, A.N,, E. Rinaldi, E. Berkowitz, N.

Garron, D. Brantley, H. Monge-Camacho, C.
Monahan, C. Bouchard, M.A. Clark, B. Joo, T.
Kurth, K. Orginos, P. Vranas, A.Walker-Loud

LHPCO05
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TQCDSF13
QCDSF13
"RQCD14
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PNDME16
ETMC17
CLS17
this work
PDG17

1.

Axial charge

[ uyuysdin)

10 1.15 1.20 1.25 1.30 1.35



From hadrons to quarks

0\/ ~ gy G/jj ‘/u,(] (1 T ) (1 + RC) 0‘0155 bn < 0.001
Ca/Cv ~ —ga/gv (1 —=2¢R)
- gSJ€s

0.010

Scalar & tensor
gmyer charges

(pludn)  (pluo,wysdln)

Adler et al. ’1975
dler et al 197 0.60(40) 1.45(85) oo
PNDME 2011 0.80(40) 1.0535) -~ s | 8s,1/8s,1~ 15-20%
[average S

[Bhattacharya, Cirigliano, Cohen, Filipuzzi,
MGA, Graesser, Gupta, Lin, PRD85 (2012)]




From hadrons to quarks

|

........................

Scalar & tensor
charges

Adler et al.’1975
(qzafki o 0.60(40) 1.45(85) A —— i
PNDME 2011 0.80(40) 1.05(35) -0.005 08 1/8s 1~ 15-20% V
-00004 -00002 00000 ‘; e —— )
LHPC 2012 1.08(32) 1.04(02) er | \@
RQCD 2014 1.02(35) 1.01(02) All syst!
PNDME 2013/15  0.72(32) 1.02(08)“ [Bhattacharya et al., |
, " Phys. Rev. Lett. 115 (2015)]
ETMC 2015/17 0.93(33) 1.00(03)
CVC 1.02(11) > ¢ , %

/
L/

PNDME 2016/18 1.02(10) 0

% [MGA & Camalich,

.99(03) § Phys. Rev. Lett. 112 (2014)]

JLOCD'1S 0.88(11) 1.08(10)

Il g5 = 1.00(8)
i using (mq -my) from 1802.04248




From hadrons to quarks

Using these RC + charqges, the C; bounds translate into...

/, e

| BSM ik

:‘ |Vud| 0. 97452 34)(19 .
0.002(1)(21),,  (90% CL) with o — | 0-00 100
00014(20 3)S (90% CL) P= 1083 000 1.00 |
—0.0007( 12)( (90% CL) 0.28 —0.04 0.31 1.00

\_ ) _ e




From hadrons to quarks

Using these RC + charges, the Ci bounds translate into...

“’/ BSM fik
) |Vud| 0.97452(34)(19) .
0.002(1)( 21)9A (90% CL) o _ 000 100
0.0014(20) 3)S (90% CL) WL P= 1083 000 1.00
—0.0007( 12)( (90% CL) 0.28 —0.04 0.31 1.00
\_ . I i _ _
L V| = 0.97416(11)(19) = 0.97416(21) ,
W A = 1.27510(66) ,

_ —

[MGA & Martin Camalich, JHEP (2016)]
+ Updates: fx/fr, £+(0) at 0.2% ! [Fermilab/MILC'17,'18]




From hadrons to quarks

Using these RC + charges, the Ci bounds translate into...

‘( BSM fik
) |Vud| 0.97452( 34)(19) .
0.002(1)(21),,  (90% CL) o _ 000 100
0.0014(20) (3)5 (90% CL) WL P= 1083 000 1.00
—0.0007( 2)( (90% CL) 0.28 —0.04 0.31 1.00
\_ - ——— ) — -
L V| = 0.97416(11)(19) = 0.97416(21) ,
w A = 1.27510(66) ,

—

CKM unitariby? Vi=0.2244139)* —=— |Via|® + |Vus|® + [Vas|® = 0.9993(5)

[MGA & Martin Camalich, JHEP (2016)]
+ Updates: fx/fr, £+(0) at 0.2% ! [Fermilab/MILC'17,'18]




From hadrons to quarks

Using these RC + charges, the Ci bounds translate into...

“’/ BSM fik
) |Vud| 097452 34)(19) .
0.002(1)(21),.  (90% CL) o _ 000 100
00014(20 3)3 (90% CL) WL P= 1083 000 1.00
—0.0007( 12)( (90% CL) 0.28 —0.04 0.31 1.00
\_ . I i _ _
L V| = 0.97416(11)(19) = 0.97416(21) ,
wk A = 1.27510(66) ,

CXM wnikariby? Vs 022441390~ |Vuul? + [Vl + Vi = 0.9993(5)
RC bj Seng et al., 1¥07.10197 — 099%3(4) i!%

[MGA & Martin Camalich, JHEP (2016)]
+ Updates: fx/fr, £+(0) at 0.2% ! [Fermilab/MILC'17,'18]




From hadrons to quarks

Using these RC + charges, the Ci bounds translate into...

“’/ BSM fik
) |Vud| 097452 34)(19) .
0.002(1)(21),,  (90% CL) o _ 000 100
00014(20 (3)3 (90% CL) WL P= 1083 000 1.00
—0.0007( 2)( (90% CL) 0.28 —0.04 0.31 1.00
\_ - ——— ) — -
L V| = 0.97416(11)(19) = 0.97416(21) ,
wk A = 1.27510(66) ,

RC by Seng et al., 10710197 » 099%3(4)

Seng et al., 1¥12.033562 — 099%%(4)
Gorshteyn, 1512.04229 — 099%4(6)

CKM unibariby? Vy=0.2244139)* ———P [Voa|® + [Vis|® + [Vio|> = 0.9993(5) 5!%

[MGA & Martin Camalich, JHEP (2016)]
+ Updates: fx/fr, £+(0) at 0.2% ! [Fermilab/MILC'17,'18]




From hadrons to quarks
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From hadrons to

quarks

‘/’es&erdcxj
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Benchmark numbers

(from ongoing / planned experiments):

01, =0.1s

~

An, an, ar, agr at 0.1%

b = 0.001



From ha

rons to quarks

e \ /

Coefficient Precision goal Experiment (Laboratory) Comments pt&&u‘r@. !

Tn 1.0s; 0.1s[210] BL2, BL3 (NIST) [210] In preparation; two phases \ \ -
1.0s; 0.3s[214] LiNA (J-PARC) [211,214] In preparation; two phases T=ev |
0.2s5[215] Gravitrap (ILL) [203,215] Apparatus being upgraded 14
0.3s5[201] Ezhov (ILL) [201] Under construction i
0.1s[222] PENeLOPE (Munich) [222] Being developed ’
<0.1s[223] UCNz (LANL) [188,189,223,224] Ongoing ]
0.5s[225] HOPE (ILL) [188,225,226] Proof of principle Ref. [226] B
1.0s; 0.2s[188] tSPECT (Mainz) [188,227] Taking data; two phases -

B-spectrum ©(0.01) [256] Supercond. spectr. (Madison) [256] Shape factor Eq. (51). Ongoing 0+ _)0+ . A ]

B-spectrum ©(0.01) [253] Si-det. spectr. (Saclay) [253,254] Shape factor Eq. (51). Ongoing > e 1

ber 0.001 Calorimetry (NSCL)[115,260] Analysis ongoing (°He 2°F) ﬂ 8
©(0.001) [270] miniBETA (Krakow-Leuven) [263-265,270] Being commissioned .
©(0.001)[276] UCNA-Nab-Leuven (LANL) [271,272,276] Analysis ongoing (*Ca) J

b, <0.05[293,294] UCNA (LANL) [390] Ongoing with A, data |
0.03 [295] PERKEO III (ILL) [295] Possible with A, data |
0.003 [289] Nab (LANL) [188,289,357,358] In preparation
0.001 [291] PERC (Munich) [291,292] Planned 1

ar 0.1% [306] TRINAT (TRIUMF) [306,310] Planned (*8K) i
0.1%[343] TAMUTRAP (TA&M) [343] Superallowed S p emitters |
0.1%[79] WISArD (ISOLDE) [79,177] In preparation (*2Ar g p decay)

K not stated Ne-MOT (SARAF) [311,312] In preparation ('®Ne,'°Ne,2>Ne) 1

acr O0.1)%[315] 5He-MOT (Seattle) [313,315] Ongoing (°He) i
not stated EIBT (Weizmann Inst.) [316-318] In preparation (°He) — PR — PR — I
0.5%[182] LPCTrap (GANIL) [182,321,323,324] Analysis ongoing (°He,*>Ar) 1 0.000 0.001 0.002

Amirror 0.5% [273] NSL-Trap (Notre Dame) [273,344,345] Planned (''C,®N,'*0,"7F) ‘

a, 1.0% [350] aCORN (NIST) [350,352-354] Data taking ongoing ET

an 1.0 — 1.5%[351] aSPECT (ILL) [228,229,351] Analysis being finalized

| 0.15%[188,358] Nab (LANL) [188,289,357,358] In preparation

A, 0.14% [391] UCNA (LANL) [390] Data taking planned bers

) 0.18% [295] PERKEO III (ILL) [295] Analysis ongoing planned experiments):

Amirror ©(0.1)%[78] TRINAT (TRIUMF) [78] Planned

B, 0.01% [397] UCNB (LANL) [397] Planned S

i A, (ay, By, . 0.05% [291] PERC (Munich) [291,292] In preparation ‘

A, (an, B,, <0(0.1)%[399] BRAND (ILL/ESS) [399,400] Proposed

0(1074) [418] MORA (GANIL/JYFL) [418] In preparation (2>Mg) LF, AGT at 0.1 %

o= 0

0(1073)[427]
0(0.1)% [399]

MTV (TRIUMF) [427-429]
BRAND (ILL) [399,400]

Data taking ongoing (2Li)
Proposal

[MGA, O. Naviliat Cuncic, N. Severijns,
Prog. Part. Nucl. Phys. 104 (2019) 165-223]
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Matching with high-E EFT  #2-(se)mw

A
W ~ 10 TeV NP , “
el L(z) = £ (SM fields, bSM fields)

ajR ags 1jR
NP - ISR S

& 3 @
>< >< £d%e—,;,=—4Gj§V

~ GeV

!

M. Gonzalez-Alonso (CERN) NP searches in  decays

EL'y#I/ aytdr, + ZGME ['v- uI‘d(s]
poT




A ~(1 ~ (3 1
ag(ol)]11+22 - [al(l )]1221 - 2[a§z )]1122—%(1221) ) |

L
Vij-ep

- [&W]lj y
Vij €l =— [y -

LIt
Vl] 6SR -

Oygde = (le)(dg) + h.c.

>.< :’; 0 = (Iyto°l)@yuo®q)
d \Y}

Oy = (Tae)e®(Gyu) + h.c.

Oltq = (lao" €)e®(Gpomu) + h.c.

[Cirigliano, MGA, Jenkins’2010;
Cirigliano, MGA, Graesser’2012]

Oy = i(¢T eDyp)(@y#d) + h.c.
O =i(¢! DFo%)(Fy,0%q) +h.c.
Og? —i(p' D*o%p)(Iy,0%1) +h.c.

0,,, = i(TeDyp) (77¢) + hec.



Vlj ’ 63’% - = [&ww]u )

Y -
%] ESL_

=2 [ J11422 — |

o [&lq]ZEjl )

~(1 ~(3 1
al(l )]1221 - 2[a§l )]1122—%(1221) ) |

i el

>.< :> 0 = (Iyto°l)@yuo®q)
d Vv

Ogde = (le)(dq) + h.c.
Oy = (Tae)e®(Gyu) + h.c.

[Cirigliano, MGA, Jenkins’2010;
Cirigliano, MGA, Graesser’2012]

Beta decays
sensitive to a few
EFT coefficients

Oy = i(¢T eDyp)(@y#d) + h.c.
O =i(¢! DFo%)(Fy,0%q) +h.c.
Og? —i(p' D*o%p)(Iy,0%1) +h.c.

0,,, = i(TeDyp) (77¢) + hec.

Oltq = (lao" €)e®(Gpomu) + h.c.



V-A interactions:
CKM unitarity test vs LEP




Many exam[ntes:

°Tree: W', RPV-MSSM, ...
* Loop: L', RPC-MSSM, ...
o U(3) v, SMEFT

[Barbieri et al. (1985), Marciano & Sirlin (1987),
Barger et al. (1989), Hagiwara et al. (1995),
Cirigliano et al (2009), Gauld et al. (2014), ...]

V-A interactions:
CKM unitarity test vs LEP

r p N ~, - - ~ "t/.




Many examytes:

°Tree: W', RPV-MSSM, ...
°Loop: L', RPC-MSSM, ...
o U(3) v, SMEFT

[Barbieri et al. (1985), Marciano & Sirlin (1987),
Barger et al. (1989), Hagiwara et al. (1995),
Cirigliano et al (2009), Gauld et al. (2014), ...]

V-A interactions:
CKM unitarity test vs LEP
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CKM unitarity vs HEP

/* f~—f - = —_—_—— = - I — — —
A Vaa 0.97416(21) g o »
| ~ _— = J— _—

k<m> (o.22484<64>> =P Aok = [Vaal® + Vs + [V — 1= —(4:6+5.2) x 10

~ ~ ~ e e 3 3
e Acicn = |Vaal? + Vool + [Visl? — 1 = 2 (=09l + 897" — 697 — of?) + )




CKM unitarity vs HEP

]

N -
A 0.97416(21) - - - -
| (‘7 ) - (0-22484(64)> * AckMm = |Vud|2 + |VUS|2 + |Vub|2 —1=—-(46£5.2) x10 4

5gzvq<
- /\ ———
e Acicn = |Vaal? + Vool + [Visl? — 1 = 2 (=09l + 897" — 697 — of?) + )

w B

St 15+0.1 [ 023402

[From Falkowski, MGA ( gL \ ( 0-15£0.18 \ 0.23 +0.26 \

& Mimouni, 2017] SgZét 0.48 & 0.45 —0.23 +£0.26
§gZd | x10° = | —0.05+0.27 vs. 0.23 £ 0.26
ety —0.40 +0.37 0.23 + 0.26

\ o ) \ —111+0.89 )LEP/EWPO \ 023026 )




CKM unitarity vs HEP

ay 7 7
‘ ~ pu— E— _ - —
é%s> (0.22484(64)) * ACKM—“’udI +|‘/us| —I—l[/ubl 1 (4.6:|:5.2)><10

~ ~ ~ w 3
e Acicn = |Vaal? + Vool + [Visl? — 1 = 2 (=09l + 897" — 697 — of?) + )

W ae)

Sge 0.15 £ 0.18 0.23 £ 0.26
[From Falkowski, MGA ( IL : \ - i ( i, ‘\ _ — \

& Mimouni, 2017] SgZét 0.48 £ 0.45 —0.23+0.26 | LHC (pp—ev, ee)
e S NSNS BEERSEe B can’t compete here

>‘1vvv< sgZd | x10° =] —0.05+0.27 Vs. 0.23 +0.26
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CKM unitarity vs HEP

Viud 0.97416(21) - - -
) - <0.22484(64)> =P Aciu = Vaal® + [Vasl* + [Vasl® -

= —(46+52)x107*

5gzvq :
i _ /‘N; ! E‘
A — Vo2V 24|V 2—1= 9 5 Zd (3) (3)
q CKM:| ud| +| us| +| ub| — 1= + g Clq +C

Sge 0.15 £ 0.18 [ 0.23+0.26

[From Falkowski, MGA ( gL \ ( \ \
& Mimouni, 2017] SgZét 0.48 & 0.45 —0.23 +£0.26
§gZd | x10° = | —0.05+0.27 vs. 0.23 £ 0.26
ety —0.40 +0.37 0.23 + 0.26

LEP/EWPO : 0.23+0.26 )
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LHC reaching
this level...



Scalar & tensor interactions:
ijerZ VS LHC

T
- ,i =3 g -
y- e e
P iy
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Models:
- Tree: RPV-MSSM;
- Loop: RPC-MSSM;

[Herczeg (2001), Profumo et al (2007),
Yamanaka et al. (2010)]

Scalar & tensor interactions:




Models: RBuk... Ex&remetv hard ko avoid w—-lv

- Tree: Q?V“MSSM; © Tree: chiral theories.. (12ys)
- Loop' RPC-MSSM; © Loop: QED & EW mixing (5T-P)

Herczeg (2001), Profumo et al (2007 .
[ g( )a u ( )a tA(ﬂ- N EI/)|2 ~ m3

Mocp
€Ep

Yamanaka et al. (2010)]




LLHC limits on .

E SM background NP (EFT)

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)/
[Cirigliano, MGA & Graesser, JHEP1302 (2013)/
[Bhattacharya et al, PRD85 (2012)]

CMS Preliminary JLdt=201" (s=8Tev
> 1 0 T T | T T T T | T T T T | T T T T | T T T T i
q, C CMS Experiment at LHC, CERN
—_— W' > ev M=2500 GeV I W->ev l Qcb H Data recorded: Wed Sep 21 11:35:51 CEST o] oms CERN
108 § Run/Event: 176841/ 213192769 ! 21 113551 2011 CEST
e W' =i umi section: 1
W' - ev M=500 GeV . < Orbit/Crossing: 49420229 / 1640
o1 05 tt+ single top|  (W->7v Electron pt: 799.5 GeV/
N T Electron ET: 799.5 GeV

Iy + jets . DY -> ee
I DY ->11 . Diboson

- pfMet: 822.2 GeV

b mp = +/2FESEY (1 — cos Ao,
500 1000 1500 2000 2500 f \/ T T( U/)
My [GeV]



LLHC limits on .

E SM background NP (EFT)

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)/
[Cirigliano, MGA & Graesser, JHEP1302 (2013)/
[Bhattacharya et al, PRD85 (2012)]

2 2 2 2
(mT >me) =ex L x (O‘W+O'S Es + O sT)

2 2
Npp—>evX(mT > mT,cut) = &€X L ><O'pp—>evX

( Interference w/ SM ~m/E )

CMS Preliminary JLdt=201" (s=8Tev
>1 0 T T | T T T T | T T T T | T T T T | T T T T i ‘ : ‘ ‘ ‘ ‘
8 6F — W' ev M=2500 Gev Iw'>°v .QCD 0'010f ‘

1 0 —— W' — ev M=500 GeV r : LHC8 1
8105 Iﬁ+single top|:|w->1:v L : 20fb-1 i
;104 b Iy+jets .DY-> ee 0.005 7O+—)0+ 1 T
- L £ \ |
§1 0? IDY > lDiboson / 1
w102 :

syst uncer. Lﬁ) 0_000 N ™ N _______

10 r \ | 1
[ decay !
1 |

10" -0.005+ 1

102 |

10° e f :
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M [GeV] &



LLHC limits on .

e SM background NP (EFT)

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)/
[Cirigliano, MGA & Graesser, JHEP1302 (2013)/
[Bhattacharya et al, PRD85 (2012)]

CMS Preliminary JLdt=201" (s=8Tev
>10 T T | T T T T | T T T T | T T T T | T T T T i ‘
8 6 —W'—>evM=25OOGeVIw.>ev lQCD 0.010f
0105 —— W' > ev M=500 GeV It‘i |:|
+ single top| (W->1v
Q10 , LHC13, 36 fb-!
;104 Iv+iets .DY->ee 0.005
. 3 L [Gupta et al.
o10 IDY->‘m: lDiboson
Ti102 , 1806.09006]
syst uncer. Lf.? 0000\ ----F------ = fe====qf======1
10 i
1
10—1 -0.005 g "E arias *‘aiﬂez; é\?va(a
r | G el s=13TeV,36.1107  —W(4Te op quat
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[ Diboson
103 I ! 10 E
=0.010b . oo
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LLHC limits on .

E SM background NP (EFT)

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)/
[Cirigliano, MGA & Graesser, JHEP1302 (2013)/
[Bhattacharya et al, PRD85 (2012)]

2 2 2 2
(mT >me) =ex L x (O‘W+O'S Es + O sT)

2 2
N _,evX(mT >mT,cut) =¢x L x0o,

pp p— evX

( Interference w/ SM ~m/E )

CMS Preliminary JLdt=201" (s=8Tev
>10 T T | T T T T | T T |I| | T T T T |.| T T T H 0010 . . . . . . . . . . . . . ; . ; ; ; . ;
O —— W' ev M=2500 GeV | |w>ev aco i} | W ” |
6 r I 1
O10 —— W' ev M=500 GeV ) “"U.EULT'Q
8105 Iﬁ+singletop|:|w->rv !
;1 04 Iy + jets . DY -> ee 0.005 | 3 1
E :
8102 IDY > lDiboson | B decays
L10 & 0000---------------- () -
10 i =
1 TLHC13
10-1 —0005; i 300 ‘Fb_l
-3 — | Projections]
10 —0.0101_‘”‘HH:H[‘WJHH‘]‘—
500 1000 1500 2000 2500 -0.002 -0.001 0.000 0.001 0.002
M, [GeV] er

[MGA, O. Naviliat Cuncic, N. Severijns, 1803.08732;
Gupta et al. 1806.09006]



Conclusions

© (Sub) permil-level precision in  decays f- ' 0.98595(34)

B —1.2728(17)
Cs/Cy | — 0.0014(12)

Cr/Ca 0.0020(22)
© Alot of progress! = e —
(4 papers cited in this talk appeared in the last 10 days) 00107 T T ]
© QCD (charges) oone
© Experiment
& 0.0007 =
© Inner RC?? Nuclear corr?? ’
—0.005; |
’ LHC13
. . * 300 fb o —
© General EFT analysis available —ootol f . [Projections] |
Z0002  —0001 0000 0001 0002
— Comparison between B-decay observables; &
— Comparison with APV, LEP, LHC, ... )
®6
— B decays are competitive TeV probes; (F = fi (gnp, MNPD

— ESS role can be clearly established

M. Gonzalez-Alonso (CERN) NP searches in § decays




Backup slides

M. Gonzalez-Alonso (CERN) NP searches in  decays




Nok assu,mp&ioh E.V\depemiemf:!

Wh 1 t,S an EFTD C EFT = Fields + Symmetries J

< g o 3 e - _ . - ~ .

>WW< > ...... < ' L=L(¢,Pr) ' 
g 1 [ 1 !
@ =" Logs = £4(6) + 1 L5(6) + Lo T >0 ;

o; : Wilson coefficients.

"o
AZ fi(gnp, MNP)

Wilson coefficient (Correlated) -
-H: Data » bounds on the EFT » Mafchlng with a
Wilson Coefficients specific NP model




From hadrons to quarks

[MGA & Martin Camalich,

Likewise... Phys. Rev. Lett. 112 (2014)]

) . ) M, +M,
Oy, (uyHvsd) = i(mg + my, ) Uysd - gp = g, =348(11)
m,+m,
Implications? It almost compensates the bilinear suppression! / M H10’3
~ 4
(p(pp)ivsdln(pn)) = gp (@ (py) 75un)
(" “since the nucleons are treated )

nonrelativistically, the pseudoscalar
couplings are omitted”

[Jackson, Treiman & Wyld, 195 7]/

The same B c\ecaj experimev\&s that sek
bounds on §S & T, are also sensitive ko P!

(b%) ~ 0.23¢5 — 3.45¢, — 0.03¢, Buk... the bounds on &, from pion

de.cajs are much sEronger'”

u‘( From current data:
L gp = - 0.08(15) (90%CL)




CKM unitarity

Vus [ 68%CL ellipse
- Without scaling S = 2.2
g é\’ wd
0.226 |- Ve
<+ fit with
0.224 - fit— | unitarity
B L ‘ Vus
c
=]
0.222 Y
Vud g <
| | I | | | | 1 | | I | | 1 | | I 1 1
0.965 0.97 0.975 Vu d
Matthew Moulson & Emilie Passemar

M. Gonzalez-Alonso (CERN)

NP searches in § decays



