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Simple New Physics interpretations for each anomaly

Putting together a coherent framework: vectorlike confinement

Low-energy flavour fit.

Constraints from direct searches at the LHC and predictions
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LFU violation in charged current

. . : 0
Combination from HFAG fit. R(D(*)) _ B(B" — D(*)+TV)
PR —— B(BY — DO+ i)’
* ~ —— BaBar, PRL109,101802(2012) 5 Phgn
A - = Belle, PRD92,072014(2015) Ay =10 - /) — e
& 0451 LHCb, PRL115,111803(2015) N — = M

- === Belle, arXiv:1603.06711 . P .

_ = HFAG Average, P(x?) = 67% , ; . .
04F  — s prcicin E +13% of the tree-level SM contribution,
035 - assuming NP interferes.
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- Good agreement between 4 (very) different measurements.
- Clean SM prediction: most uncertainties cancel in the ratio
- 13% enhancement of tree-level by, — ¢ 1 v amplitude

T/€( T)(*)
Ro=1 R/E(D )—1 ~ 0.13 + 0.03
2 \ R{1 (D)

David Marzocca Edinburgh, 30.06.2016



LFU violation in neutral current

o br — sL uL pr
* ~ 2.60 deviation in decays to muons w.r.t. electrons [LHCb 1406.6482]

| I N Theoretically
B(B = Kp'p™)e
‘ RIS = 2P — 0.74570:99 4 0 036 !
K B(B — Kete 0.074 very clean

)eXP q2€[1,6]GeV

= —

~ 1% error.

==

* 3-40 anomaly is also present in the Ps’ observable in differential
distributions in B — K~ 1" 1. However: sizable QCD uncertainties.

[Altmannshofer and Straub 1411.3161]

e Global fit assuming left-handed interaction:
o ] CéVP,e _ _CF()P’G —0
| A = AP = (0142008 G

Cé=-C

-14% of SM (1-loop).

~3.90 deviation, consistent with

T2 1008206 04 02 00 02 New Physics only in muons. sm 72
Cf=—C%

See also:

[Altmannshofer, Straub 1411.3161, 1503.06199; Crevellin, Pokorski 1407.1320; Hiller, Schmaltz 1408.1627; Alonso, Grinstein, Camalich 1407.7044,
1505.05164; Gosh, Nardecchia, Renner 1408.4097; Glashow, Guadagnoli, Lane 1411.0565; Crevellin D’Ambrosio, Heeck 1503.03477]
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Diphoton excess @ 750GeV

ATLAS-CONF-2016-018 CMS PAS EXO-16-018

CMS Preliminary 2.7 fb' (13 TeV, 3.8T)
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+ ~ 20 excesses also in Run-1 in both experiments at the same mass.
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Diphoton excess @ 750GeV

By Moriond 2016:
ATLAS: ~3.60
CMS: ~3.40

Interpretation as a spin-0 particle
produced in gluon-fusion and
decaying to two photons.

__’7_0'!:

15 .
10 .
N
5 " ATLASggey - A
[« ATLASBTeV -]
[ C1\/ISC0mb —
: Combination — |
O . . te . . . _.——.” . . 1 .
0) 5 10 15

Our combination

Buttazzo, Greljo, D. M. Eur. Phys. J. [1512.04929]
Buttazzo, Greljo, Isidori, D. M. [1604.03940]

T13TevXB(S—yy) [1b]

o13 Tev(pp = m) X B(n = vy) = 4.7517 tb
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These anomalies could all be
statistical flukes or unknown uncertainties. ..

but..

For the patient ones: sit and wait, data will tell.
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SU(2). Structure

Charged current contribution Neutral current contribution
b—crtv b—suu
Veb & 3rd gen. lepton. FCNC & 2nd gen. lepton.
need Ro ~ 13% of SM tree-level
4G need -14% of SM loo
SM ~ ——FVcb(ELVubL)(%LV”VT) i
| — ” 2G _ _
AL = 2O RV Eryabs) (FiryvT AE= _TiROAgsAﬁu(SL%bL)(um“uL)
' R . AL, <1

bs” pp

—— = == \ -
e —— =

Write both in a SU(2)L invariant way:

. S

8G F i a N/ T a
— NG RO)‘gj)‘il(QLT %LQ]L)(LIZT ”Y“LZL)

R — - S - S
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Flavour Structure

8G F i a N/ T a
WR())‘%)‘%Z(QLT ’YMQ]L)(LﬁT ’Y“LZL)

R e — — = —— - - _— -_— —— —

~ 0 gy < Aps s < 1 AL ~ 0 A K Ay A <1
~0 N o<1 1 ~0 X, <1 1

)\q

¢
2

Barbieri, Isidori, Jones-Perez, Lodone, Straub 1105.2296
Pattern fits in U(2) flavour symmetry

€|V Vag  €*Vak
Aq:( e Nl ~ Vi

in the mass-basis of charged-leptons
and down-type quarks
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Flavour Dynamics

Ry~ 0.13 —p Better think of a tree-level mediator!

- If same structure as SM: constructing interference.
- Couplings of scalar mediators suppressed by light fermion masses.

8G Y a ) T a
\/f RoN My (Q4 T, Q) ) (LE Ty LY )

e ; —— e

AL =

Preferred interpretations: Spin-1 states:
- Vector triplet (1,3,0) Greljo, Isidori, DM 1506.01705

- Leptoquark triplet (3,3,2/3)  Barbieri, Isidori, Pattori, Senia
- Leptoquark singlet (3,1,2/3) 151201560

David Marzocca Edinburgh, 30.06.2016



Diphoton

V

- 013 Tev(pp = 1) X B(n — yvy) = 4.7H7 b

g

MANY possible explanations, some basic common features:

- Use vectorlike quarks (& leptons) to enhance ngg & #7yy couplings,
- |If it is a pNGB, then these couplings could arise via the axial anomaly (as ©°—vyy),

- Having other tree-level decays (large width) is challenging:
need even stronger couplings,

- Most explanations in this setup are strongly coupled (at a nearby scale).

David Marzocca Edinburgh, 30.06.2016



Diphoton

7

- 013 Tev(pp = 1) X B(n — yvy) = 4.7H7 b

Possible interpretation:

n is a pPNGB of a new strongly-coupled sector at the TeV scale,
coupled to photons and gluons via the axial anomaly.

[Franceschini et al. 1512.04933; Harigaya, Nomura 1512.04850+1602.01092+1603.05774;

I |
Firstday’ = Nakai et al. 1512.04924]

[Bian et al. 1512.05759; Braig et al. 1512.07733; Bai et al. 1512.05779; Kamenik, Redi 1603.07719]

See in particular [Redi, Strumia, Tesi, Vigniani 1602.07297]
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Vectorlike Confinement

Gsm

Kilic, Okui, Sundrum 0906.0577, 1001.4526

SU(N)1c

W U
SU(NF)LXSU(NF)rxU(1)v

SM

i ] N .
f ¢<SU T> SUZ gSM IITCP. h, WZ; %g
SU(Nr)vxU(1)v SM
Vi, Yir ~ (N, r'sm)

Nrf-1 pNGB X

N, T 7r0,... && I — VY Like 7r0—>yy

Via axial anomaly
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Our setup for combining both anomalies
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Flavorful Vectorlike Confinement

SU(NF)LXSU(NF)rxU(1)v m
'
/ ¢< > ¥i~ Gswm irrep.

SU(NF)v*<U(1)y

Baryons

BW
PNGB Vector Mesons
0 .
0, T, T P =(1,3,0) Flavor physics mediators

gg — 1 — Yy gﬁ i ((?;’g’é//?) | e.g. through baryon-SM mixing
7 o) 9
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Partial compositeness

Baryon - rho coupling

L,BB = gpafbng“Tan pz

B
+ Baryon - SM fermion mixing V.
B, — koXlqh . By — kXL %

(RN

8({(5) | 8V
V1O = | a0 i SU(2)-doublet spurions o
5 ,
1 SU(2)-singlet The mixing could arise from a
flavour theory at a scale
Ar = A1c
This generates the necessar 1
° g LM v — TP xy1p>M
flavor phenomenology A%

Possible UV completion with a scalar
[D. Kaplan '91],

- if large anomalous dimension then high
. scale Ar > Ayvis viable.

~—— — = —

to describe the anomalies

X, = (AL)7 AL = (AL)?
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Minimal model - SU(5F)

We require baryons with same SM quantum numbers of ¢ & ¢.

The minimal set of TC-fermions is
Requiring baryons:

N 3 Q= (NTC, 3.1, YQ) two possible (YQa VL)
TC = A (=11
[ = (NTC, 1,2, YL) hyp.ercharge ( 6 ?)
assignments B: (0,—%)
mesons. Model I: pNGB spectrum
Flavor structure | Ggyy irrep pNGB Mass ._ | | |
(QQ) (8,1,0) %QQ) = 2Bymyg 12001 my = 750 GeV ]
(?Q) + h.c. (3,2,AY) +h.c. (LQ) = Bo(mz +mq) < 1000} o
(LL) (1,3,0) (LL) = 2Bymy, 3 :_
(LL) ~2QQ) | (1.1,0) = g [mh = 2Bo(3me +2mg) 3 8001
= i
- From QCD: Bo ~ 20f, s 600 |
- TC quark mass ~ 100 GeV 400 F
20%'1 05 1 510
3A? - :
. 2 2,11
PNGB mass from SM gauge: Am . ~ = Z g; C5( mymg
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Extended model - SU(8F)

A B
Nrc=3 Q=1 3,2,Yq) two hypercharge y, | 176 1/2
L =rc, 1,2, YL) assignments Y, [ —-1/2 —1/6
o NGB: Model I1: pNGB spectrum
Fl_avor structure | Gq\p irrep pNGB Mass 1200:— m n — 7 50 GeV
(C?Q) (8,3,0), (8,1,0), (1,3,0) m%QQ) = 2BOmQ S 1000_ ]
(LQ) + h.c. (3,1,AY), (3,3,AY) + h.c. m%EQ) = Bo(my +mg) C’D\) :
(EL) (17 37 0) m%m) = 2B0mL ~ 800 [
3(LL) — (QQ) |(1,1,0) = m? = L By(3my, + mo) S |
= Ok J 2 600}
S |
400F _
- TC quark mass ~ 100 GeV 200! . - 00™
0.1 05 1 5 10
mL/mQ
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PNGB dynamics
xer _ f; {Tt [(D,U)/(D"T)] + 2Bo(Tr[MU] + Tr[M'UT])}

Coupling of the pNGB via the anomaly: £"*V > _192;%27; (A 2
= 2NpcTr [t4%t¢]

Aﬂ'

Vvbye

LV 5 (P A By B+ g AT Wi, W o g2 AL Gl G )

Nre=3 — Model I-A | :
TC — Model I-B Given the model,

— Model II—A,B? _ _ _
diphoton cross section fixes f

f~230 GeV

013 TevXB(77->7)13 Tev [1D]
)
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Other diboson channels

Given the diphoton cross section of ~5fb (@13Tev),
one can predict the rate in other diboson channels in each model

I'n—>VV) oap—n—VV)

=) ol =127 o

RVV p—

LHC bounds: R27 5 5.0 | Rz 5 11, Rww 5 30

E.g. from Buttazzo, Greljo, D. M. [1512.04929]

Predictions:
(YQ7YL) RZ'y RZZ RWW

A: (=%, 5 | 67 11 37

Already near the

SU(5) Model I 6 ? -——p bounds. Measurable
B: (0,—-%) | 50 91 34 in the near future!
(YQa YL) Rny RZZ RWW
A: (la _l)
SU(8) Model 11 27 62106 009 0
B: (67 _§)
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Vector Mesons
Vig) = [(ihy) s=1)
In the minimal model
(LL) pu =(1,3,0), ox=(1,1,0)
(LQ) Leptoquark doublet D, =(3,2,AY)
(QQ) o¢,=(1,1,0), V*,=(8,1,0)
Extra/different states in the extended model:

(QQ) Extra triplets: p’, =(1,3,0), VA%, =(8.,3,0)
(LQ) Leptoquark singlet U, = (3,1,AY) and triplet %, = (3,3,AY)

Their mass Is

From the diphoton anomaly:
f~230GeV — my~15+2TeV

David Marzocca Edinburgh, 30.06.2016



Baryons

We are interested in the baryons with quantum numbers of SM fermions

In the minimal model:

in model I-B also:
|Ba)(3,1,-1/3) < |QLL) ~dg

’Bg>(1,2,_1/2) X ‘LLL> and ’Bq>(3,2,1/6) X ‘QLL> ,

A:
B:  |Boazie x|QRQ)  and  |By)@Ea-1/6 < |[QQL).

David Marzocca Edinburgh, 30.06.2016



Baryons’ group theory

Q - (NTC9 39 19 YQ)

= P
Nre=3 L =(Nrc 1,2, Y1)

SU(5F)

'WPWW) The wave function should be antisymmetric.
SU(Ntc) — antisymmetric
(flavor) x (spin) = SU(5)F x SU(2)s ¢ SU(10) = symmetric

Baryons are in

10x10x 10 =120a + 220s + 2 x 330  of SU(10).

200s = (40,2) + (35,4)  of SU(5)r x SU(2)s

40 =(1,2) + (3,1) + (3,2) + (3,3) + (6,2) + (8,1) of SU(3)c x SU(2)L

o qL
LLL) QQL)
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Meson-Baryon coupling: OZI rule

Estimate the size of the various couplings

L,BB = gpai[?wfy“Tan oL

suppressed by 1/Ntc

alPp < 1

David Marzocca Edinburgh, 30.06.2016



Low-energy constraints
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Low-energy Lagrangian

Let’s focus on the For I « m, the effective Lagrangian can be
Pur — (19390)

- S

Correlate

qqqq, qqtt and {{
processes
q
The flavor  Aps << App = X = (ML) Aps| ~ [ Vis]
| ¢ ¢
structureis 3¢« X! =1 Ay = (>‘w)2
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Flavor Fit

p + @ contribution

4 parameters

Greljo, Isidori, DM [1506.01705]
Buttazzo, Greljo, Isidori DM [1604.03940]

Prediction O;(x,)

Experimental value

Input data:
Obs. O;
1)b—ctV R
2)b—ospupu ACH
3) By mix ARGF=?

4) b—cvu(e) AR,
S)T—vu(e) R

6) T — 3u A2
7) D mix A2
) b—svv Ry,

David Marzocca

€¢€q
—(7/ tem) )‘6 (E 0€q t+ 6260) )‘gs/|Vtz%8|
(€2 + (D) ML (IVpVis P RAT)

2656(1)\6
1+ N+ 3 (92 = )AL + |5 (e + (D))
(GF/\/7>(€€ ( )))\fL/L)\f',LL

(Gr/V2)( e 02) Vi Vi 2
24 1+ (7 tem) (v — QDAL /(IVigVis CS[] /3

0.13 & 0.03

—0.58 4+ 0.16

—0.10 +0.07

0.00 & 0.01

1.0040 & 0.0032
(0.0£4.1) x 107 GeV?
(0.0 £5.6) x 107 GeV 2
0.0 £2.6
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Low-energy Fit

p + @ contribution €0 = €,

Marginalized Ay? | |
et,q ~ 0.4 driven mainly by Ro
(0) _ géf)q) mw )122 GeV
g — gm, 4,q m,
® ]
| _ From diphoton:
0 -_ £~230 GeV — my ~2 TeV
| . L -' l
-1.0 -05 00 05 1.0 ‘
“ Strong coupling g, ~ 6
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Low-energy Fit

: : 0
Marginalized Ay’ p Tw Contr|bUt|On €q.t = Eq,ﬁ

0.010F —
| v ~ 1073 W
0.005| 20 _ _ |
| e SU(2) symmetry predicts |
< 0 ~ [Vis| ~4 %102
~0.005 Marginalized Ay’
0010k -' 0'2;' -
~0.4-02 00 02 04 | s —
/l/ OO * -
Tu I . 20 |
—0.2} lf
Some residual tension in 5 | - )
. 4 L \ \ i
b—s 1 u remains. 04t S :
This is due to the bounds from —0.6¢ - :
Bs; mixing, LFU/V in r decays, and _ogb T
the relation )\fw = ()\fﬂ)2 00 01 02 03

Ry = (R¥-1)/2
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Low-energy Fit with the vector-octets

p+w+ W
Marginalized Ay’

01 00 01 02 03

Ry = (R -1)/2
Perfect fit of ACo possible.

& ALl ~ |Vis| ~4 x 102
IS OK

David Marzocca

contribution €1 = €& = &

60’

The price is a tuning of the
couplings of the vectors
(non-perturbative param.):

Marginalized Ay?

L _:
0.9} '
0.8
0.7}
0.6}
0.5}
0.4} _
03b :

200 3o

W3e +¢)/2

—0.04-0.02 0.00 0.02 0.04

(€o—\ 3 €)/2
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Flavor Predictions of the Model
Charged Current. R/ = R}! Ry S10%RY"

FCNC

InB —» Kup  ACY = —AC}, — Central value should decrease.

Big enhancement or

Inb->sTt [INPI| ~ [SM| .
strong suppression

Bs < Bs If anomaly in B = Kup persists, expected O(10%) deviation.

AMBS AMBS
If SU(2)q symmetry ——p AMp, AMp,|q

M

D < D  Bound almost saturated. NP (CP phase) behind the corner.

BR(1T — uvv)
BR(1T — evv)

T decays T — 33U & Just below the bound.
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High-energy searches
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Flavor anomalies — 17 and bb signals

'/ Large deviations in B — D7ty strongly suggests tree-level mediators

strongly coupled to 3rd-gen. fermions

Expect signal in =z (or bb) channel at LHC, |

|
1 from bb-fusion production. ‘

David Marzocca Edinburgh, 30.06.2016



Vector meson Mass & Width

From the diphoton anomaly:
f~230 GeV — my~2TeV

From Flavor Fit: Very Large Width
Triplet:

- Tyx  Tyo 1, , l‘
| ~ — A — 3
- myx  myo 48w (92 +39;)

RO gev9q m{;{/ ~ 0. 1—3]

Decay into pNGB is subleading. 2,

David Marzocca Edinburgh, 30.06.2016



Vector Triplet / Singlet

Decay channels

Neutral vector: - Charged vector:
* TT * TV

bb » tb

Vi Vr * Vench

Lt

Ty: Lyo 1, ) li
,d ~ — K — + 3
N my+  myo 48w (92 9q)

Single production ( bb — p”, bc — p*)

Production

David Marzocca Edinburgh, 30.06.2016



Vector Triplet / Singlet

* Usually, in such models the leading decay channel of vector mesons is in pNGB:

2 2
- 4m
F(p — 7T7T) — gp mp (1 — W) Yprm 5 47

1927 m%

In our case, due to large coupling with 3rd generation fermion,
this is subleading, or at most of the same order, w.r.t. the fermionic ones.

* In vectorlike confinement models, vector mesons mix with the corresponding
SM gauge boson:  Omix ~ 2/8, .

Production via Drell-Yan through the P 92 Ly
mixing is negligible. PO g2/ g.)2 Lo

~ T @1.7TeV

David Marzocca Edinburgh, 30.06.2016



Production

Jp,ww (pb)( 7,y (pb)) V. ~0.04
e Ve ¢ b — p*
1’ Production of the charged vector
s IS suppressed by Vep.
0.50}/ -
B ,
: bb— p’
0.10 Neutral vectors are the
0.05}/ 1 170 relevant ones.
200 400 600 800 1000 1200 1400
my (G@V)

Greljo, Isidori, DM 1506.01705

David Marzocca Edinburgh, 30.06.2016



ATLAS 1502.07177

Experimental bound

— | T T T T | T T T T | T T T T | T T T T |
3 | \ ATLAS s=8TeV, 19.5-20.3fb" 1
= = \N e Expected limit —
,’l\" - I Expected = 1o .
N N Expected = 20 ]
o I —e— QObserved limit i
i ------- Observed Z', i
,i 1L SR Observed Z' |
< 107°E , R g
+ - R .
N i 95% credibility limits ]
g i i
=102F E
510 :
Ty Thag * T\6p Thag COMbinedy 1

-3 | | | | | | | | | | | " | | | | | |
107500 1000 1500 J 2000 2500

olpp = Z'+ X) x B(Z' — v717) < 4 (7) tb
for a narrow (moderate) resonance

In 1.5-2.0 TeV

m,, [GeV]

0..(m-r-,->850 GeV)
pPp—=7TT

(fb)

8q = 8¢

0
1600 1800 2000 2200 2400
m, (GeV)

Expected to show up soon at LHC

A detailed recast is necessary to

extract precise bounds.
[work in progress by Kamenik, Greljo et al.]

David Marzocca

Edinburgh, 30.06.2016



Vector Leptoquark

For mu >» m«/2 angular distr. is similar to s-channel exchange

Ry =0.13

— o(pp = 7777) ~ 10 fb for m... > 850 GeV

Expected to show up soon at LHC

David Marzocca Edinburgh, 30.06.2016



Phenomenology of the other pNGBs

Lightest pNGB: ~ 400 - 800 GeV

’//* E——

| a
m¢=(1,3,0
| ( ) Production qq — Wi* — 770 or q@7 — Z*/y* — wtwo
Decay 70 — tt, nt —> th Also:
0 NZco?YE m,
& Challenging to look for at the LHC | T =) =—{o5=7
u Tt (a) (8,1,0) +(8,3,0) Heaviest pNGB:  mz~ 1 - 1. 5 TeV

| ~ 4

Production gg— #4, T 7t

g§8§ T

Decay 71— tt, gg, gy [Bai, Barger, Berger 1604.07835]
KAIready very strong bound: signal should be expected soon.

— e S — — e

,/ Leptoquarks ~ m~ 1 TeV
. Model I: D=(3,2,AY)+h.c. — stable in minimal model.
Model II: S, 7*=(3,1,3/2) + (3,3,3/2) + h.c.

They are both pair produoed present bounds ~ 700GeV.

— — —— e =SS

David Marzocca Edinburgh, 30.06.2016



Conclusions

® Interesting anomalies are present both
in low-energy flavour observables & in high-pT searches.

® Vectorlike confinement could offer a setup to explain both:
a pNGB for the observed diphoton excess &
vector mesons as mediators of flavour anomalies.

® Many testable predictions can be derived:
new resonances and flavour signatures: a new spectroscopy!

® Does this have anything to do with reality?
Soon we will know more.

Exciting times ahead!

David Marzocca Edinburgh, 30.06.2016



Thank you!

SU(Nrc)

WL ° SmR B 4 WSM

SU(NF)LXSU(NF)rxU(1)v m
'
/ ¢< > ¥i~ Gswm irrep.

SU(NF)v*<U(1)y

Baryons

BW
PNGB Vector Mesons
0 .
0, T, T P =(1,3,0) Flavor physics mediators

gg — 1 — Yy gﬁ i ((?;’g’é//?) | e.g. through baryon-SM mixing
7 o) 9
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Backup
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UV completion for partial compositeness
[D. Kaplan '91]
Q= (Nrc, 3,1, 1/6)

Nre=3 | _ (Nre1.2.-12)

Add two scalars charged _ (3 _
under SU(NTc)*xGsm ¢ — (37 17 1)1/3 y X — (

Qo

737 1)—1/3

Mass: m,, = Arc

Yukawa interaction:

LD ysli Lo+ 2oL7 Lro* + yydf Lrx + 2,QF Qrx* + h.c.

Below their mass:

YoZd 0 p = U Cr A
Lopr D =222 0L LS L, — 22X ¢ 1,Q5Q;
m¢ mX

David Marzocca Edinburgh, 30.06.2016



p - SM fermion coupling - 2

Another possibility without invoking baryons:

Assume that at the flavor scale Ar = A1c,
a 4-fermion operator is generated

Cij _ . .
L (broyudre) (Far )

A*1c pu
This framework is more general (less predictive) than the baryon-mixing one.

Also, the doublets can be contracted to form a singlet: coupling not suppressed.
For these reasons we focus on the baryon-mixing case.
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Heavy Vector Triplet

These 4-fermion operators can naturally be generated by integrating out
a heavy Vector Boson, triplet of SU(2).:

[Pappadopulo, Thamm, Torre, Wulzer 1402.4431]

1 : 5
Ly = =7 Dy VgDVl + TV Vv ([Gavi(HIT" D, H) + Vi

4

Ji = g\ QT Q) ) + 9 (LT 1) Coupling to the Higgs current

The dimension-6 operators obtained by integrating it out are:

d=6 1 a Ta g?{ T a-HJ .

S = —=

4-fermionop.  Z, W masses, hV'V couplings  Zff and Zhff couplings

David Marzocca Edinburgh, 30.06.2016



EW-scale effects: Z-pole

6 1
Deviation in Z couplings to bb and 7. | |
4 lenyl < 0.005 :
Bounds from Flavorful fit of LEP-I , :
[Non-Universal fit by Efrati, Falkowski, Soreq 1503.07872] -
=
2 x 9 |
m i
eper=2IHTW _ (4.3+8.7) x 107 =
g-my, ﬁ ]
, f
eger = PITW _ (_0.8+1.4) x 1077 f *
gy M 68%CL
Greljo, Isidori, DM [1506.01705] 6 95%CL 1
Flavor + LEP-I -10 -05 0.0 0.5 1.0
€q
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EW-scale effects: Higgs

Unphysical W and Z mass shift, deviations in Higgs couplings ~ €.

Irrelevant given the constraint on x4 from LEP-l.  lenl < 0.005
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Charged Current / v
b c

AL = gqgf Veo(CLyubr) (T vr) _(> <>

mv

Same structure as the SM: overall rescaling.

llllllllllllllllllllllllllllllll

o : 2
b L : m
Alb = ¢ OV )suene 4 poae | Ry =241y

A(b — ¢ 0'UY)sm : g2 m%/

lllllllllllllllllllllllllllllllll

For B— D)ty -

T/l

T/E

Ry =Rp, ~1+2Ry

For decays to 1 we have:
deviations = 2%

-~ 14
~ 1+ QRQ)\ML

['(b — c(u)ur)
['(b — c(u)er)
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AB =2 processes: B <« B mixing

2
g _ b

AL = -1 (Nos)2(bryusz)” (=<0}
”LV

A

b

A

Contributes to BY «<» B mixing. No deviations observed here.

9q (qu)Q

loopy—1
— — 0 " X (R
Ja A(Bq = Bg)sm 9e (Vi3 Vig)? s

Ry is fixed

bound on As; and go/ge.

AL < AL [max = 0.093 | Vi)

\ =
R — — —
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AC =2 processes: D & D mixing

2
g C

AL = (Vi Vi) (aryucr)? M
Sm%/ K —

u

C

u
CKM-induced from App= 1.

Contributes to DV <> DY mixing. No deviations observed here.

The scale probed is:

1/2
A,y = 6.9x10° TeV x —> > 3 x10° TeV

[Isidori 1302.0661]

Ry is ~ fixed
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LFU in 7 decays

u
/ Vﬂ
T Vs VS. T
9
22

v

SM+ AL = X (FLvuirn) (T2 v,) SM only

Tau decays well measured (permil), no deviation from LFU observed:
[Stugu hep-ex/9811048]
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LFV: 7 — 3u

9; _ /
AL = Zmiv N A (Fovupn) (B ur) T

Experimental bound:  B(1 — 3u) < 2.1 x 107°

' LA, < 0.005 ' ;

B~

Given that
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Neutral Current .

u
The experimental measurement w
+ b s
e B(B—>K T ex
/e — B - exp — 0.74579:9% + 0.036 <> ( >
B(B — Kete )exp 2€[1.6]GeV y U y

and all other b — sjip transitions get a contribution from:

v 2GR . _ _ a
ALY oy = —WROAZS (bryusL) (T LYNTE + Ny L Vpli, + eeGL%@L)

ACy = —AC, |
From Global analysis =i | )¢ =

[Altmannshofer, Straub 1411.3161, 1503.06199]

Combining with the bound from B « B:

A max (0.15)

A =(0.09 +0.03) |

e — e — = - = N —_—

Some tension to saturate the excess in B = K yp.
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N G B Model I: pNGB spectrum
pPNGB - 7 "

1200F myy = 750 Gev -

- < 1000}
@ =(1,3,0) S ool
For mr < mo it is the lightest pNGB. S 600F
mz~ 400 - 800 GeV 00
_ _ o _ 201 05 1 510
Couples to 3rd gen. fermions via mixing with baryons: myfmg
AL = igﬂBB/igmt <7T0t ot + Lﬁrf b + L?T_E 515) 9=BB ~ g
T mg /}/ \/5 Lf)/ R \/i ,y T 1Y
Leading decay modes: 7 — tt, 77 — th Also:
P(r0 s ) = VOV

1673 f?
Pair-production via Drell-Yan:

qq — W= — 7n57% or q¢ — Z*/v* — 7w

Challenging to look for at the LHC
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PNGB - #1@
i@ = (8,1,0) + (8,3,0)
These are the heaviest pNGB.  mz~1-1.5TeV

As before, they couple to 3rd gen. fermions via mixing with baryons.

Single-production at LHC in gluon-fusion via the anomalous coupling,
pair-production in gluon-fusion with strong coupling.

See e.g. [Craig, Draper, Kilic, Thomas 1512.07733], [Redi, Strumia, Tesi, Vigniani 1602.07297]

Decays to g2 or gy are the most relevant ones if no fermionic decay is open.
[Bai, Barger, Berger 1604.07835]

In our setup: Decay to /7 could be dominant, or comparable to gg.
expect a signal in this channel soon.
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PNGB - Leptoquarks
)

|

Model I: D= (3,2,AY) + h.c. AY =Yo—Y, = —5 (
mp~ 0.8 -1TeV

B=1/6, L=-1/2 — No decay to SM fermions.
Pair-production at the LHC.

After hadronization, if lightest state neutral — possible DM candidate
If charged — problems with cosmology — need to extend the model.

Model Il: S, 7*=(3,1,3/2) + (3,3,3/2) + h.c. msr~1-15TeV
They couple to 3rd gen. fermions via mixing with baryons.

Pair-production in gluon-fusion.
LHC bounds on 3rd gen. leptoquarks:

miq < 700 + 750 GeV
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